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Langenau lab: Relapse and progression
In pediatric cancer
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Rhabdomyosarcoma

« A common pediatric
malignancy of muscle

« Two major subtypes:
Embryonal (FN)

Alveolar (FP) —
PAX/FOXO gene fusion

» ~80% of relapse patients
will succumb to disease

* Relapse is driven by cancer
stem cells (FN-CSCs)




Zebrafish ERMS is Similar to Human Disease

Normal Normal Human
zERMS Muscle hERMS hARMS Juvenile Muscle
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Skeletal Muscle Intestine Langenau et al., G&D 2007



Transgenic zebrafish models of
Embryonal Rhabdomyosarcoma (ERMS)

rag2-kRASG12D

+ myog-H2b-RFP

+ mylz2-lyn-cyan
(myf5-GFP)?

Imaging tumor heterogeneity.
myf5-GFP/differentiation-negative CSC.



Cancer stem cell pathways in ERMS

Chen et al., PNAS 2014
Tenente et al., Elife 2017
Ignatius et al., Cell Reports 2017
Hayes et al., Cell Stem Cell 2018

Cancer stem cells (CSCs) Differentiated
i Fibers
' Earl
: Sateggﬁ : My:tslgst Differentiating Myoblast
0
I 0
O .
BLEX KX EXOR
I I
1 MYFS : Myogenin+ Myosin+
: MYOD | Migratory Cells Cells
Notch WNT/B-catenin
‘ VﬂﬂnglPCP Ignatius et al., Cancer Cell 2012



Iterative modeling to discover
mechanisms of human cancer

Zebrafish GEMs

Patients and tissue
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Iterative modeling to discover
mechanisms of human cancer

¢ Pre-clinical drug studies
» Limited imaging capablllty
X Expenswe _ 72

*+ Not high- throughput

Mouse xenografts



Single cell imaging of human cancer
xenografts and therapy responses
in Immunodeficient zebrafish

Chuan Yan Qiqgi Yang Eric Alpert

Yan et al., Cell 2019

Yan et al., Nat. Proc. 2020
Yan, Yang, et al., unpublished
Zhang, Yan, Millar, unpublished



Growing human tumors into
iImmune-deficient zebrafish

| g ' prkdc-/-,il2rga-/-

v' Single cell imaging of cancer
v’ Grow fish at 37°C
v' Oral dosing of drugs

Yan et al., Cell, 2019



Human tumors grow the same
in zebrafish and mice

RD (ERMS)

Engraftment of sarcomas, TN breast cancer, melanoma,
renal cell carcinoma, CML, glioblastoma, MPNSTs, PDXs



New combination therapy for muscle cancer

histological analysis

-drug +drug H&E Ki67 TUNEL
2280 *&, o2 wm ,, {Lrgs

Rel. Growth(%)

8 I.Q,L ~;:'5Lf_h Os:.-: ‘ﬁ.- e Q. Y
= S ety AU € W0
0 ¢ 5 %2 __-E&;*’;t? ;7.3}, i_'\ QQ, d ~
Farh o e
i 8 69:4% baw 1%L & L - mo SMSCTR
; ‘ \' . - (ERMS)
v 0 : :
: ® B e 5
; ﬁ _; a . & & 100 NS :
- | & | i 50 =
s ' 35+7% 20£6% ? '
5t P "SRy _ £
IS " o‘ Kl 2l . :
g_ b 2t we é * :
3 '.**': P : ga - 3
O t “'0'3% , "ﬂ _-J“ l“- ; A
‘ 28+60/0 = l;. 45"‘8%‘) 2
3
2
i®]
g g ° &
g Al ® .100 NS
(U + AW —
[®) :

Il DMSO /| TMZ
— NA NA I Olaparic [ Olaparib + TMZ



Vehicle

O+T

Validating combination therapy using
patient-derived xenograft ERMS models

Whole animal
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RD

Imaging cell cycle kinetics of RMS
In vivo at single cell resolution
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Assessing therapy responses of RMS
in vivo and at single cell resolution
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A subset of RMS develop resistance
to Olaparib + TMZ

Sensitive

Resistant




Resistant RMS upregulate the
PISK/AKT/ABC transporter pathway

Sensitive Drug efflux pumps
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Re-sensitizing RMS to O+T using
PIK3CA and ABC transport inhibitors

Sensitive Resistant
+ Tariquidar  + Alpelisib
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PARP1i-FlI

Approximate

Quantifying PARP1i-FL uptake after
combo therapy aft single cell resolution
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A new xenograft pipeline for
identifying combination therapies

New
| Therapies
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Better immune deficient zebrafish
models for engrafting human cancer

-
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rag2//A, il2rga-/-

v' Fully ablate mature T, B, and NK cells
v' Enhanced engraftment at 37°C
v/ Radiation competent

Unpublished



rag2A/A, il2rga-/- zebrafish
engraft human T cells

Peripheral blood
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Chimeric Antigen Receptor T Cells
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Assessing CAR-T cell function in vivo
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Single cell imaging of
CAR-T cell function in vivo
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Single cell imaging of
CAR-T cell function in vivo




Bi-specific T-cell Engager (BITE)
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Assessing BITE cell function in vivo
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Assessing BITE cell function in vivo

Control antibody

ZipGFP




Assessing BITE cell function in vivo
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Antibody peptide epitope conjugates

Attachmént

Group

Mark Cobbold
Songfa Zhang
David Millar
Chuan Yan
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Specificity of APEC killina in vivo

EPCAM
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Specificity of APEC killing in vivo

No collateral cell killing in Breast Cancer Models!



Real-time visualization of
APEC-mediated T cell killing in vivo
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OVCAR5

O
=
-
O
@)

EPCAM+ APEC




Real-time visualization of
APEC-mediated T cell killing in vivo

Tumor Zip-Caspase 3

Apoptotic cells

% of cells

unpublished



In vivo screening of best APEC Kkillers
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In vivo screening of best APEC Kkillers
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In vivo screening of best APEC Kkillers

Uncleavable MMP7-APEC
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Zebrafish Xenograft Studies

“(Cell, 2019) Single cell

Drug prkdc-/-, il2rga ingle
published) Imaging

discovery rag244, il2rga”
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Robust Immunotherapy Pharmacokinetics Therapy
engraftment responses



Future Xenograft Applications for
Immune Deficient Zebrafish

Humanizing zebrafish by engraftment of
human PBMCs and CD34+ blood

Engraftment of ES and iPSCs
Chimeric/functional assays (muscle)

Non-invasive imaging using second and third
harmonics and dyes
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Mouse Xenograft Studies

High cost

Titanium ring
Purse-string suture

Limited imaging

Abdomen

. Low throughput

Longer time analysis
PK/PD established
Approved model for IND filings




Resource building:
Critical Need for New Lines

Transgenics to eliminate macrophage function

Expression of human cytokines
Growth of AML, myeloid cells, and blood

Better “"genotype-less” models
Only 1/8 of fish are currently used!

Scaling the husbandry to large BL2 facilities



Resource building:
Education and Dissemination

Publish protocols (Yan et al, Nature Protocols, 2020)

Present on work widely
(ZDMS, Industry meetings, JAX seminar, etc.)

Efficient distribution of current/unpublished lines:
Over 75+ labs, Universal MTA, local distribution,
long-term pland to distribute through ZIRC.

User group webinars and website videos

Continue to credential the zebrafish models by
comparison to NSG mice.



Hurdles for Adoption

Few published xenograft studies to date
PK/PD studies required

Optimized husbandry approaches and
building of BL2 zebrafish facilities

X Innovation requires more users (i.e. Mouse)

X Perceived competition across species
models, including at the NIH level
(Mammalian Models of Cancer Grants)
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