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~JAXMISSION

To discover precise genomic solutions for disease and empower the
global biomedical communify in the shared quest to improve

hu_man health.




EMPOWERING SCIENTIFIC EXCELLENCE

Diseovery

Our scientific expertise is derived directly from JAX
faculty and s_ci'enttﬁs researchers, who are embarking on
ground-breakin msearch in aﬂdﬁcmn tal_'pmﬁtmng
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https://www.jax.org/jax-mice-and-services/breakthrough-lab

JAX MICE AND SERVICES

Precise models, powerful services,
and scientific expertise
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Learning Goals

® Match genetic modification, strain characteristic to
immunological phenotype

Nude, scid (and Rag1/Rag2), l2rg
Effect of genetic background on immunodeficiency
® |dentify appropriate immunodeficient strain to use based on
research application

® Implement appropriate housing conditions for your
immunodeficient strains

\lox The Jackson
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Timeline | Immunodeficient and humanized mouse development

% lI2rgtargeted mutation
made by four labs

CB17-scid mice |

engrafted with human NOD-scid mice and increased Pre-clinical bridge
Nude mutation fetal fissues, adult blood engrafiment of human PBMCs NOD-Rag 1/ NOD-Rag I Prfl/ between mouse
described cells and HSCs and HSCs described mice described mice described and human

1997 2000 2002 2003 Future

CB17-scid The Rag targeted NOD-scid Description of the BALB/c-Rag2” lI2rg”,  Availability of inventoried
¥ mouse strain ¥ mouse mutations B2m* mice %* NOD/Shi-scid I12rg” and NOD/lt5z-scid  human HSC engrafted
described described described 12rg” mouse models and reports of a NSG mice

functional human immune system after
human HSC engraftment

B2m, B -micreglobulin; H3C, haematopaietic stem cell; 12rg, interleukin-2 receptor y<chain; MOD, noncbese diabetic; PBMC, peripheralbloed menenuclear cell;
Prf], perforin 1; Rag, recombination-octivating gene; scid, severs combined immunodeficiency

Shultz LD et al. 2007. Nat Rev Immunol 7(2):118-30. PMID:17259968
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http://www.ncbi.nlm.nih.gov/pubmed?term=17259968
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Considerations to Select an Immunodeficient Strain

® \What is your experimental goal?

O How much immunocompetency is required?
O How much immunodeficiency is required?

@ What kind of cells are being engrafted (what species, immortalized cell line/PDX,
hematopoietic)?

\lox The Jackson
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Nude Mice

® Nomenclature

O Inbred Nude NU/J (002019)
O Outbred Nude J:NU (007850)

® Immunological Deficiencies

O Mutation: Foxn1m
O Athymic and T cell Deficient

INNATE

IMMUNITY
ADAPTIVE

it Mymehocyics

Cytokines
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https://www.jax.org/strain/002019
https://www.jax.org/strain/007850

Nude Mice

® Applications and Benefits

O Engraftment of human & mouse tumor cell lines
O Well published/characterized

O Hairless phenotype facilitates tumor growth
measurements

® Considerations
O Innate immunity intact

O May not be suitable for primary cell transplantation
or hematological malignancies

Flanagan SP. 1966. Genet Res 8(3):295-309. PMID:5980117
Pantelouris EM. 1973. Differentiation 1(6):437-50. PMID:4547146

vX

The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed?term=5980117
http://www.ncbi.nlm.nih.gov/pubmed?term=4547146

Easy Evaluation of Therapeutic Response in Nude Mice

Vehicle Merodantoin

MCF-7 breast cancer cell line
Gulliya 1994 Cancer PMID:8082074

\lox The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed/?term=8082074

BALB/c scid Mice

® Nomenclature

o CBySmn.CB17-Prkdcsce/J
(001803)

O Similar to original C.B-17 scid

® Immunological Deficiencies

O Mutation: scid “severe combined
immune deficiency”

O Impairs V(D)J recombination
O No mature B and T cells

INNATE

IMMUNITY
ADAPTIVE

Cytokines

£ ymphocytes %és
\qj

BALBI/c scid
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https://www.jax.org/strain/001803

BALB/c scid Mice

® Applications and Benefits

O Xenograft host for cancer cell lines
O Efficacy testing of therapeutic antibodies
O Adoptive transfer from BALB/c donors
o Common inbred background simplifies creation of X .
compound immunodeficient mutants - =
= *M"‘ ‘

® Considerations
O Innate immunity intact
O scid side effects: radiation sensitivity; genotoxic
drugs may have higher toxicity
O High scid leakiness; mice may develop T and B
cells as they age

14
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Therapeutic Ab Efficacy in Tumor Growth and Metastasis using
BALB/c-scid Mice
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Zhang D et al. 2010. Cancer Res 70:2495-2503. PMID:20197464

\lox The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed?term=20197464

NOD scid Mice

® Nomenclature

o NOD.CB17-PrkdcseidlJ (001303)

® Immunological Deficiencies

O NOD genetic background

@ Absence of hemolytic complement

® Reduced dendritic and NK cell
function

@ Less responsive macrophages

@ Optimal human hematopoietic stem
cell engraftment (Sirpa allele)

IMMUNITY
INNATE ADAPTIVE
Cytokines
ﬂfnmp!ement'

Sstens

i acioRhagesy
6endrﬂlcm!§ . llocytes

datural killer

G ... NOD

—
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https://www.jax.org/strain/001303

NOD scid Mice

® Nomenclature

o NOD.CB17-PrkdcseidlJ (001303)

® Immunological Deficiencies

O Mutation: scid “severe combined
immune deficiency”

O Impairs V(D)J recombination
O No mature B and T cells

IMMUNITY
INNATE ADAPTIVE
Cytokines
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https://www.jax.org/strain/001303

NOD scid Mice

® Applications and Benefits

O
O
O

Xenotransplantation of human tumors
Engrafts some hematopoietic cancer cell lines

Adoptive transfer recipient for study of autoimmune
type 1 diabetes

Significantly less scid leakiness compared to other
backgrounds

® Considerations

O
O
O

O

Short life span (thymic lymphoma by ~9 months)
Residual innate immunity (NK cell function)

scid side effects: radiation sensitivity; genotoxic
drugs may have

higher toxicity

Shultz LD et al. 1995. J Immunol 154(1):180-91. PMID:7995938
Banuelos SJ et al. 2004. Clin Immunol 112(3):273-83. PMID:15308121

\lox The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed?term=7995938
http://www.ncbi.nlm.nih.gov/pubmed?term=15308121

NOD scid Mice Propagate Medulloblastoma-like Tumors

Werbowetski-Ogilvie TE et al. 2012. Stem Cells 30(3):392-404 PMID:22213600

\lox The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed?term=22213600

NSG™, NOD scid gamma Mice

® Nomenclature

o NOD.CB17-Prkdcsei [[2rgtmWijSz]
(005557)

® Immunological Deficiencies

o Same as NOD scid mice

o Additional Mutation: /12rgt™"™! deficiency
eliminates signaling from 6 interleukins
and blocks NK cell development

IMMUNITY
INNATE ADAPTIVE
/’_\ | ﬁacmph&ges £ - f’—\ '
6Endritic ::el% ) f. Antibodls
R NOD scid gamma
j:..'f. _.E-_—--E'-_
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https://www.jax.org/strain/005557

NSG™, NOD scid gamma Mice

® Applications and Benefits

O Xenotransplantation of human tumors

O Optimal human hematopoietic stem cell
engraftment (Sirpa allele)

O No scid-associated leakiness "".%}i
O Longer life span than NOD-scid (> 16 months)

® Considerations “

O scid side effects: radiation sensitivity; genotoxic
drugs may have higher toxicity

Shultz LD et al. 1995. J Immunol 154(1):180-91. PMID:7995938
Banuelos SJ et al. 2004. Clin Immunol 112(3):273-83. PMID:15308121

\lox The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed?term=7995938
http://www.ncbi.nlm.nih.gov/pubmed?term=15308121

NSG™ Research Applications

Myrnahiat on

® Primary tumor engraftment
® Hematological cancers

® Human hematopoiesis

~ Inthio poripheal Eiond

& Hureaimd M5E
Ih-C34 455

® Infectious disease e

® Cell replacement therapy for type 1 diabetes

® |Immuno-oncology
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Immuno-oncology applications in NSG™Mice

Irradiation
N j;,\ — ,ﬁ S @@
‘f —

huCD34 HSC o Tumor

——,

Onco-Hu
(Humanized with Tumor)

vX

The Jackson
Laboratory
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Human Immune Cells in Peripheral Blood of
Hu-NSG™ vs Hu-NSG-SGM3™: Percent of HuCD45

Total Human Donor

2 100,
® Greater early expansion of huCD45 in NSG-SGM3 % 80; . 2 NSG (=i n=10)
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NSG™ Mice Preserve Patient Tumor Characteristics

Cancer
Patient’s Lung
Tumor
Fragment

H&E Human cells Mouse blood cells
(anti-HLA-A) (anti-mCD45)

Simpson-Abelson MR et al. 2008.J Immunol 180(10):7009-18. PMID:18453623

\lox The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed?term=18453623

Hu-CD34 NSG™ Support The Growth of a Wide Range of Human Tumors
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@ Tumor growth & huCD45 infiltration not correlated with degree of HLA match between
CB donor and tumor (2-4 donors per tumor)

@® Similar to clinical observations, some tumors are intrinsically “cold” (low infiltration) and
others are “hot” (high infiltration)

Rios-Doria et al., 2020 J Immunother Cancer PMID:; 32217760

\lox The Jackson
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https://pubmed.ncbi.nlm.nih.gov/32217760/

T Cell Infiltration Frequency is Driven by Tumor, Not Donor

MDA-MB-231 (2 Donors/Study) 2-3 Donors/Tumor
' 80 80 .
. £ :
= The donor is o 60 =
i represented by E -
E . color and shape O 40 & N
© ’ % - ke
H * » i - u -
% 20 Pl & 504 . R -
& . 8" 0 . o
.t -“l:n & .S
D = g D ! L] I qb. | :I ¥ ¥ ¥
& RS0 PP 2 0,0 2 N A

Study1 Study2 Study3

@ Overall quantity of infiltration can vary between studies, but the frequency of TIL distribution is
similar between different donors

@ FEach tumor type had similar TIL infiltration across different donors

Rios-Doria et al., 2020 J Immunother Cancer PMID: 32217760
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https://pubmed.ncbi.nlm.nih.gov/32217760/

Pembrolizumab Efficacy is CD8+ T Cell Dependent in the Onco-Hu™ Model

MDA-MB-231 Tumor Response in MDA-MB-231 Tumor Response in
Non-Humanized Mice Hu-NSG Mice
600~ s 800+ . .
ﬁ -8~ Vehicle w —&— Vehicle (Q5DX6)+isotype (Q7DX5)
i = Pembrolizumab (_ﬂ - Pen‘brolfzumab (Q5Dx6)+isot.ype (Q7DX5)
HE ‘gg 600- —&— Pembrolizumab (Q5DX6)+anti-CD8 (Q7DX5)
400~
E E
g 2 400-
= =
© 200- )
- > 200
: :
= =
= 0 ¥ 1 - 0 1 T T 1
0 10 20 =0 0 10 20 30

Days Days
@® Hu-NSG mice engrafted with MDA-MB-231 TNBC CDX

® Depletion of human CD8+ T cells abrogates anti-PD-1 mAb response

Wang etal., 2017 FASEB PMID: 29146734
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https://www.ncbi.nlm.nih.gov/pubmed/29146734

Effects of PD-1 Inhibitors on TNBC (MDA-MB-231) CDX Growth in
Hu-NSG™
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® PD-L1level: 95.1%
@® Two donors and two anti-PD-1 inhibitors
® The effect of Pembro and Nivo was similar and the drug treatment reduced tumor growth in both donors

\lox The Jackson
Laboratory
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Considerations to Use an Immunodeficient Strain

® \Where and how will you house them?

O What does the strain need and what can the facility provide?
O What pieces of equipment might be used and who else shares this research space?

\lox The Jackson
Laboratory
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Infectious Disease Concerns in Highly Imnmunodeficient NSG™ mice

® High level of immunodeficiency results in extreme susceptibility to

O Pathogens, infectious agents that typically causes disease in immunocompetent host

O Opportunists, potentially infectious agents that rarely cause disease in immunocompetent
hosts

O Commensals, potentially infectious agents that reside in normal host tissues without
causing disease

® Common threats include

o C bovis, Citrobacter, Enterobacter, Enterococcus spp., Klebsiella spp., Proteus,
Pneumocystis murina, Pseudomonas, S. aureus, Coagulase-negative Staphylococcus spp.

Foreman O, et al. 2011. Vet Pathol. [PMID: 20817888]

\lox The Jackson
Laboratory
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http://www.ncbi.nlm.nih.gov/pubmed/20817888

Housing and husbandry conditions may vary depending on the
level of immunodeficiency

® Barrier practices adequate to maintain
nude, or even scid mice may not be
adequate for NSG™

® Recommend:

PPE, dedicated shoes

Sanitize hands before gloving (washing)
Disinfect surfaces (laminar flow hoods, experimental equipment, floors, walls)

Sterilize tools (forceps, scissors, ear punches, etc.), bedding, food and cages

More frequent change cages, use of microisolators/individually ventilated cages (IVCs) with HEPA filters

Work under a HEPA ventilated, laminar flow hood

Sterilized food and water

Monitor for pathogens frequently (opportunistic pathogen testing by fecal, colony or dirty bedding sentinel testing)

O OO OO0 O0OO0O0

https://www.jax.org/jax-mice-and-services/customer-support/technical-support/breeding-and-husbandry-support/special-care

\lox The Jackson
Laboratory
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Personal Protective Equipment

® Sterile scrubs, gloves, dedicated shoes and
shoe cover

® Face shields, hair/beard bonnet and mask
and goggles

® Sterile smock

® PAPR (Powered air purifying respirator)

® Air shower

vX

The Jackson
Laboratory
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When to work with your veterinarian

® Non-specific clinical problems, ruffled fur, hunched posture
® Unthriftiness, diarrhea, wasting, sickliness

® \Weight loss, weakness, lethargy, reduced mobility

® Acute and/or premature death

® Breeding problems, including:

O Embryonic death

O Small litters

O Small, weak, and/or sickly pups
O Pup mortality

\lox The Jackson
Laboratory




Summary

® Choose a strain that allows the right balance of immunocompetency to immunodeficiency
needed to answer your research question

® Both the specific genetic mutations in a strain and the genetic background of the strain
contribute to the immunological phenotype

® Housing needs may differ from strain to strain and from facility to facility; work with your facility
managers and veterinarians to determine what gives the mice and your research the best
chances for success

35
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Upcoming JAX™ Webinars

Subscribe to the monthly webinar announcements email list: https://subscribe.jax.org/

@ [ntroduction to In Vivo Platforms for Cancer Immunotherapy Research
Mar 4, 2021, 1:00 PM USA Eastern Time (New York)

@ |mproving Translational Relevance with Humanized NSG™ Mice
Mar 18, 2021, 1:00 PM USA Eastern Time (New York)

MiceTech Talk . . . c 0 . . .
- MiceTech Talks: 15 minute chat sessions with JAX Technical Information Scientists on mouse-
T

based research topics. Join us on YouTube or LinkedIn. Watch past episodes.

\lox The Jackson
Laboratory



https://subscribe.jax.org/
https://www.youtube.com/channel/UCpasZs-GSrQtOJW7WuAlq9Q
https://www.linkedin.com/company/the-jackson-laboratory/videos/
https://www.jax.org/education-and-learning/micetechtalks

THANK YOU FOR THE ADVENTURE

At JAX, we enjoy the journey as much as reaching the
destination, and we're so happy you joined us.

Authorized JAX™ Mice Distributor in Singapore:

InVivos
Website:
Tel: +65 6643 8600

Email:

Let’s Discuss Your
~ Questions !
\ . f

\ /
1", ~ - F,

vy 2

JAX Mice Technical Support:
micetech@jax.org

r
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https://www.facebook.com/JacksonLaboratory/
https://twitter.com/jacksonlab
https://www.linkedin.com/company/the-jackson-laboratory/
https://www.invivos.com.sg/
mailto:enquiries@invivos.com.sg

JAX™ immuno-deficient strains
available from INVIVOS

Outbred Nude Inbred Nude BALB/c SCID NOD SCID

Common Name  Strain Nomenclature Web Link to Data Sheet for
Equivalent JAX™ Strain

Outbred Nude Inv:NU https://www.jax.org/strain/007850
Inbred Nude NU/JInv https://www.jax.org/strain/002019

Balb/c SCID CBySmn.Cg-Prkdc=d/Jinv https://www.jax.org/strain/001803
NOD SCID NOD.Cg-Prkdcscid/JInv https://www.jax.org/strain/001303
NSG NOD.Cg-Prkdcse [12rgtmi|SzJInv https://www.jax.org/strain/005557

Promotional discount of 10% for JAX immuno-deficient strains till 31 Mar 2021

InVivos

BRINGING LIFE TO YOUR RESEARCH

InVivos is an authorized JAX™ Mice Propagator in Singapore


https://www.jax.org/strain/007850
https://www.jax.org/strain/002019
https://www.jax.org/strain/001803
https://www.jax.org/strain/001303
https://www.jax.org/strain/005557
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