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Human iIPSC models of myeloid malignancies
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Key advantages:

» Human

» Genetically faithful models

» Isogenic

» Unlimited cell numbers, high throughput

» Functional studies




A synthetic model of CH-MDS-sAML progression

Cell Stem Cell

Sequential CRISPR gene editing in human iPSCs
charts the clonal evolution of myeloid leukemia and

identifies early disease targets
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Why are RAS mutations always late in AML"?

N/KRAS mutations:

o are present in up to 30% of AML patients

o are almost always subclonal

o are often acquired upon relapse

o are often acquired during progression from MDS to sAML
o are, in contrast, early truncal events in epithelial cancers



NRASG12D js an obligatory late mutation
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NRASCG12D is an obligatory late mutation
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RAS mutations transform GMPs harboring preexisting mutations
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RAS mutations transform GMPs harboring preexisting mutations

scRNA-Seq
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RAS mutations transform GMPs harboring preexisting mutations
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» SA+R GMPs are the leukemia initiating cells



RAS mutations transform GMPs harboring preexisting

mutations
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RAS mutations transform GMPs harboring preexisting mutations
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RAS mutations transform GMPs harboring preexisting mutations

RAS-Early RAS-Late
(RAS mutation acquired in HSC/MPP/CMP) (RAS mutation acquired in GMP)




» RAS mutations transform progenitors committed to the
myelomonocytic lineage (GMPs) that have previously acquired
driver mutations, i.e. are descendants of an ancestral clone
originating from a more primitive (HSC/MPP/CMP) cell

Early drivers |
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[ FAB CLASSIFICATION

MO: Undifferentiated acute myeloblastic
leukemia (5%)

-
M1: Greater number of myeloblasts with <10%
granulocytic differentiation.

7 ™
M2: Myeloblasts in great number with granulocytic
differentiation >10% , NSE <20%.

J

form cells with reniform nuclei, multilobed or

bibbed, primeval cells with multiple Auer rods or
relative scarcity of Hypergranular promyelocytes.

M4: >20% but <80% NSE-butyrate positivity in

Monocytic cells

Monocytic differentiated (b) Monocytic,
differentiated.

M6: >30% myeloblasts with more than 50%
erythroblasts eliminating the erythroid cells.
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M3: Promyelocytes that are hyper granular with h
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J
MS: Monccytic cells with »80% NSE positivity. (a) }
M?7: Acute megakaryoblastic leukemia <5% ]

AML hierarchies and phenotype

Normal hematopoiesis

HSCs g ) °®
%8 008%0 ¢
‘0 A 5)’)%@ oo

O Q Q
as

AML with deep hierarchy

AML with shallow hierarchy

LSCs 300‘0‘0‘ )



» RAS mutations transform progenitors committed to the
myelomonocytic lineage (GMPs) that have previously acquired
driver mutations, i.e. are descendants of an ancestral clone
originating from a more primitive (HSC/MPP/CMP) cell
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Comparison of RAS-MT and RAS-WT cells within the same AML patient
Patient-derived iPSCs
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Comparison of RAS-MT and RAS-WT cells within the same AML patient
Patient-derived iPSCs
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Comparison of RAS-MT and RAS-WT cells within the same AML patient
Genotyping of Transcriptomes (GoT)
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Comparison of RAS-MT and RAS-WT cells within the same AML patient
Genotyping of Transcriptomes (GoT)
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» RAS-mutant LSCs give rise to AML blasts with monocytic
differentiation, whereas ancestral LSCs generate primitive AML
blasts
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LSCs

@
@® @ Monocytic '. OO
o9 blasts @ @ @ @
90@

RAS WT RAS MUT




Venetoclax (VEN) resistance in AML

? Determinants of relapse/resistance

* VEN resistance/relapse associated with monocytic AML.
* VEN resistance/relapse associated with RAS pathway mutations.

»RAS pathway mutations cause monocytic AML.



Venetoclax (VEN) resistance in AML

? Determinants of relapse/resistance

* VEN resistance/relapse associated with monocytic AML.
* VEN resistance/relapse associated with RAS pathway mutations.

»RAS pathway mutations cause monocytic AML.

> Is it the monocytic differentiation stage or the RAS mutational status

that is the cause of VEN resistance?



N/KRAS mutation, but not monocytic stage, is associated with poor
outcomes in AML patients in a prospective clinical trial of VEN+DEC
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Separating the impact of differentiation state vs mutational status
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RAS-WT LSCs are sensitive to VEN, but RAS-MT LSCs are resistant
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Expression level

RAS mutations and not the GMP state confer VEN resistance to LSCs

Patient-derived AML-iIPSC xenografts Genotyping of Transcriptomes (GoT)
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Unified model of VEN resistance
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Unified model of VEN resistance
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Unified model of VEN resistance
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LSCs in two dimensions

Clonal evolution
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Clonal evolution

LSCs in two dimensions

Differentiation

hierarchy




LSCs in two dimensions
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Differentiation

hierarchy

Clonal hierarchy

A revised LSC model
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» LSC = genetic drivers + target cell type
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» How can we overcome VEN resistance in RAS-MT AML?



N/KRAS mutations confer VEN resistance to AML LSCs
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A GMP LSC-specific RAS activation gene signature
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A GMP LSC-specific RAS activation gene signature
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A GMP LSC-specific RAS activation gene signature
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