WNPRC

Summary Statement from the WNPRC P51 2017 Renewal review:

“With respect to the marmoset breeding, additional expansion of the breeding will be necessary to keep pace
with needs in view of new gene editing technologies, as well as the value of this model in aging, lifespan and
metabolism studies. This species is and will continue to be in demand within the NPRCs and nationally in the
foreseeable future.”

Marmosets in demand...

» Anecdotal evidence strongly suggests that demand for the common marmoset in biomedical
research is surging...

+ University of Pittsburgh * MIT

+ University of Rochester * SUNY College of Optometry
« University of Chicago » Northeastern University

« OHSU » University of Texas at Austin
+ Biomedical Research Models, Inc. * University of Miami

» |IT Research Institute » University of Nebraska

» Waestern University, Ontario » Salk Institute

*  McGill University + USAMRID

* SRl International

« AlphaGenesis
P * Etc., etc,, etc..........

* University of Utah

« Demand is outstripping the ability of individual academic and commercial institutions
and NIH-supported Centers to produce sufficient numbers of animals



Why Marmosets?

Shorter lifespan

Ease of handling

Ease of maintenance

No Issue with disease transmission
More cost effective

Require less space

Short generation time

Multiple births



Why Marmosets Now?

 New generation of transgenesis/genomic editing methods
avalilable

* Primate model in high priority areas, e.g. cognition,
neurodevelopmental disorders, neurodegenerative
diseases, metabolic diseases

 Reduced funding levels make a cost-efficient primate
model more desirable
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The y-axis indicates the number of laboratories /institutes working in this research area.




Germline Genomic Editing for New Animal Models of Disease
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Somatic Cell Genomic Editing:
New Non-Viral Delivery Systems

Targeting
3 gL}gand
%, 3 , 3 [—N—ﬁ

SgRNA — i, Cationic Monomer i, Imidazole Monomer
oo 0

H
OH Ne~e Sy s
¢ Ag S -S‘x\/\g M

ii, Anionic Monomer iV, Biodegradable Crosslinker

RNP - o A
' 0 0 Ligand AN 05, AL
W /T)( (\/\0); \\NJJ”'JJ’/I MO)H/ igan oye”
-SpCaSQ -+— V,Acrylate-mPEG Vi, Acrylate-PEG-Ligand é
- o Cy5
Amino Acid Charge of Cas9 x\vyﬁ/ﬁo( for Nanocapsule (NC)

containing RNP

Vi, Acrylate-PEG-Cy5

Fig. 1. (A) A schematic illustration of the RNP NC
prepared by in situ free radical polymerization. (B)
A schematic diagram of the cellular uptake of the B
RNP NC and the subcellular release of RNP into
the cytosol.

e
PN
g‘ +

Endosome



Somatic Cell Genomic Editing in the CNS

Nanoparticles and genomic editing

Neurological disease
(e.g., Alzheimer’s
disease, Parkinson’s
disease, multiple
sclerosis, stroke)
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The combination of nanoparticles with genomic
editing has possibilities for both
Therapies AND Modeling

Current projects:

+ UG3 TR002659-01: Enabling Nanoplatforms for
Targeted in vivo Delivery of CRISPR/Cas9
Ribonucleoproteins in the Brain

+ PA-18-591:. Nanoplatforms for targeted in vivo
LRRK2 genomic editing in nonhuman primates

THE UNIVERSITY

WISCONSIN

Furtado et al., 2018 MADISON




Marmoset Breeding In the U.S.

SWNPRC 337 30
WNPRC 267 23
NIH (NINDS) 163 16
NIH (NIAID) 125 11
MIT 132 19
Johns Hopkins 126 13
University of Pittsburgh 99 6
Barshop Inst. 108 26
Salk Institute 40 ?

Total 1397 144



Brain/MINDS: A Japanese National Brain Project for Marmoset Neuroscience
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Figure 1. Genetically Modified Marmoset Models for Brain/MINDS Project. Genetically modified (GM) marmosets are being produced by viral vector and
genome editing techniques. Rapid breeding methods for GM and cloned marmosets are ongoing in the SRBPS project.

Hideyuki Okano, Erika Sasaki, Tetsuo Yamamori, Atsushi Iriki, Tomomi Shimogori, Yoko Yamaguchi, Kiyoto Kasai, Atsushi Miyawaki
Neuron Volume 92, Issue 3, 2016, 582-590



WNPRC

Issues for ORIP/Comparative Medicine/NPRCs to consider...

« Can we more accurately monitor national demand and supply of marmosets for NIH-supported biomedical
research?

« Should we develop a coordinated strategic plan to adjust our breeding targets, expand facilities, and
increase resources?

« Can we pool and/or distribute expertise and/or core services more efficiently?

» Are there concerns about the genetic composition of marmoset colonies that should be addressed at
a national level?
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Nonhuman Primate Evaluation and Analysis Part 1: Analysis of Future Demand
and Supply

© ORIP Staff Contacts October 12, 2018
© Directions Ensuring an adequate supply of NHPs to sustain research progress has been an ongoing challenge,
© NIH Council of Councils with periodic shortages and surpluses being experienced at various times over the past several years.

The NHP Evaluation and Analysis was conducted to provide the NIH and the research community with
an improved understanding of the demand for and supply of NHPs within the United States, with
© Workshop Reports particular emphasis on the NPRCs and other NHP centers supported by the ORIP, which support

o Archived Workshop Reports research across the NIH Institutes, Centers, and Offices. View the full report here.

© News and Events

© Career and Research Training Opportunities

© FOIA Requests

Contact Us Email Updates Twitter


https://orip.nih.gov/
https://orip.nih.gov/nonhuman-primate-evaluation-and-analysis-part-1-analysis-future-demand-and-supply
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Challenges in Assessing Nonhuman Primate (NHP)

Needs and Resources for Biomedical Research
Sheri Hild, PhD, DCM, ORIP, DPCPSI, NIH




NHP Needs Analysis: Directive

* Panel Objectives:
— Forecast the future uses of NHPs in biomedical research

— Discuss and determine the scientific advances that are
driving the future research

— Define the relevant and emerging NHP models that will
be required for future biomedical advances

— Assess the capabilities of the existing resources and their
ability to shift with future needs. Examine what
timeframe is needed for expansion and if expansion is
not possible, what additional resources or infrastructure
would be required

— Address the challenges in the resource planning process



Planning Committees

e Conference Organizing Committee:
— Jon Levine (Chair), WNPRC, WI
— Chris Abee, MD Anderson, TX
— Sallie Permar, Duke University, NC
— Jon Hennebold, ONPRC, OR
— James Pickel, NIMH, NIH

* NIH Organizing Committee:
— Sheri Hild, DCM, ORIP, DPCPSI, NIH
— Miguel Contreras, DCM, ORIP, DPCPSI, NIH
— Desiree Vonkollmar, ORIP, DPCPSI, NIH
— Lola Ajayi, ORIP, DPCPSI, NIH
— Alan Feister, Leidos, NIH contractor



Meeting Agenda

e Session 1: Future NIH Research Priorities

* Session 2: Scientific Factors Impacting on
Demand for NHPs and NHP-Associated
Services

* Session 3: Factors Impacting on Supply of
NHPs for NIH-Sponsored Research



Challenges

Animal Shortages

Limitations of Award Mechanisms (limits on funds and
period of support)

Infrastructure and Space Limitations
Peer Review and Award Practices
Scientific Barriers:

Limited high-quality reference genomes

Need for standardized methods for collecting and reporting
phenotypic data

Limited availability of NHP reagents for specific species

All scientific research areas identified an on-going need to train
the next generation of researchers and support staff in the use
of NHP models

Limitations on exploiting emerging transgenic NHP models



Potential Solutions

* Improving Communication - Multi-faceted approaches within the
national NHP research community:

— Improve reporting of planned NHP use in NIH applications. Projections
resulting from analyses of application data could be communicated to
suppliers in aggregate.

— Improve communication on NHP availability and expertise for more efficient
use of existing animals.

* Unique identifiers to track individual animals and link them with data that has previously
been collected on them would eliminate unnecessary rework and expense

e A central system to communicate animal needs and availability would promote efficient
use of limited resources

e Establishment of a national consortium for NHP breeding colonies
* Promote tissue and organ sharing of existing biobanks that exist at the NPRCs
* Promote visiting scientist programs at the NPRCs
— Creation of a trans-NIH NHP working group to promote NHP models and allow

identification of initiatives involving NHP research that are being considered
by multiple ICs.

— NIH should encourage the establishment of an annual interagency “NHP
Summit”



Potential Solutions

* Expanding Rhesus Macaque Colonies
* Expanding Access to Marmosets

e Establish Domestic Cynomolgus Macaque
Resources



Potential Solutions

— Enhancing the Utility and Value of Existing NHP
Colonies

* Whole genome sequencing of U.S. colonies or
establishing a standardized set of genetic markers
incorporated into a genotyping chip to characterize all
animals

 Establishing centralized facilities for NHP breeding
technology, genomic editing, and transgenic animal
production.

* Increasing the utilization of the Caribbean Primate
Research Center (CPRC)

* Promoting the use of minimally invasive research
techniques to reduce morbidity and enable the
productive re-use of animals

— Promoting Training in NHP Research



Potential Solutions

e Address Award Mechanisms

— |C-specific NHP resource grants or contracts to support
institute-specific needs

— Increasing funding for NHP resource awards, include a
“Strategic NHP Reserve”

— Utilizing the PO1 mechanism to promote NHP model
development

— Increasing the $500,000 cap on annual direct costs in RO1
awards that utilize NHPs

— Expanding research resource grants to support development
of reagents that are specific to major NHP species beyond
rhesus macaques

— Allowing flexibility in the timing of grant start dates

— Providing supplemental or short-term funding within ICOs to
support unforeseen costs associated with NHP acquisition



eMeuro Mew Research

Disorders of the Nervous System

Transgenic Monkey Model of the Polyglutamine
Diseases Recapitulating Progressive Neurological
Symptoms

Ikuo Tomioka,! Hidetoshi lshibashi,' Eike N. Minakawa,? Hideyuki H. Motohashi,' Osamu Takayama,’
Yuko sua'rtn,j H. Akiko Popiel,? Sandra Puentes,! Kensuke Owari,! Terumi Nakatani,! Naotake

Nogami,! Kazuhiro Yamamoto,* "Satoru Noguchi,® Takahiro Yonekawa,® Yoko Tanaka,® Naoko Fujita,’

Hikaru Suzuki,' "Hizae Kikuchi,2 Shu Aizawa,? Seiichi Nagano,® Daisuke Yamada? ©lchizo Nishino,®
Moritaka Ichinohe,” Keiji Wada,? Shinichi Kohsaka? ©'Yoshitaka Nagai,? and ©'Kazuhiko Sekil

Table 1. Production rates of transgenic marmosets
CMY-Ataxind-1200-IRES-Venus ChV-Atean3-1200-2A-Venus Total

Mumber of embryos transfemed 29 ar Gt
to surrogates
Mumber of sumcgeates 17 23 40
Mumber of pregnancies Fi T 14
Number of deliveries 3 2 3]
Mumber of births [percentage of 5178 2(5.4) T 10.8)
birthie per embryos transfarmed)
Mumbsr of transgenic animals (percantags 5 (1000 2 (100) T (100}

of transgenic animals per birth)

A high titer of kentiviral wecfor was injectad imto & total of 58 smbryos, folloasd by smbryo transfer to 40 swrogates mothem. & total of 14 surmogatss became
pregnant, and five surocgates delivensd sewven offspring.




www._nature.com/scientificreports

SCIENTIFIC REPQRTS

OFEN Generation of transgenic
“marmosets expressing genetically
encoded calcium indicators
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Figure 1. Generation of GCaMP-expressing transgenic marmosets derived by infection of wild-type
zygotes with lentiviral vectors. (A) Schematic diagram of the lentiviral vectors used. Only the relevant
portions of the plasmid are shown. (B) Verification of transgene expression in IVF embryos 4 days after
lentiviral injection. Left, bright field image. Middle, green fluorescence image shows clear expression of GCaMP.
Right, merged image. The arrow shows a naive embryo. Scale bar= 100 pum. (C-G) Photographs of the infant
transgenic marmosets. Shown are: (C) TG-Y (CMV-GCaMP5g); (D) TG-E (CMV-mKO-GCaMPés). The inset
shows an epifluorescence image of the left front paw of TG-E (left, arrow) placed against that of a wild-type
animal. Note mosaic expression of the inert orange tag mKO in the fur of the digits; (E) TG-S (hSyn-mKO-
GCaMPés); (F) TG-L (hSyn-mKO-GCaMPés); and (G) TG-J (CMV-GCaMPés). (H) PCR products of the
transgene in animals born alive (TG-Y, E, S, L, D1, D2, ], and D3) and aborted fetuses (M01-03) showing the
presence of the GCaMP transgene in different tissues. M: DNA marker; Naive cell/ CMV-mKO-GCaMP6s:
genomic DNAs extracted from wild type marmoset fibroblasts infected with CMV-mKO-GCaMPés lentiviruses
for positive control; Naive: genomic DNAs extracted from wild type marmoset fibroblasts for negative control.



