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Context is key for FLT3-ITD

Sara E. Meyer | Thomas Jefferson University

In this issue of Blood, Li et al' report age and co-mutation contexts wherein

FLT3 internal tandem duplication (ITD) orchestrates unique transcriptional

and epigenetic programs to deliver distinct functional outputs from myeloid

progenitor cells.

Constitutive activating FLT3-ITD muta-
tions are common in both adult and
pediatric acute myeloid leukemia (AML).
With the advent of FLT3-ITD directed
tyrosine kinase inhibitors (TKI) over the
past two decades the field has shifted its
focus toward understanding FLT3-ITD
signaling in the context of these FLT3-
target inhibitors, with less effort aimed
toward discovery and elucidation of
FLT3-ITD leukemogenic mechanisms.
Previous work demonstrated that knock-
in of the human ITD mutation into the
endogenous mouse Flt3 gene was not
sufficient to produce AML.?? In patients
with AML, regardless of age, FLT3-ITD
mutations occur relatively late in AML
pathogenesis and are observed in com-
bination with a variety of mutational
partners. Indeed, studies demonstrate
that  FLT3-ITD  cooperates  with
DNMT3A, TET2, RUNX1, NPM1c, MLL-
PTD, NUP98-HOXD13, and CBFB-
MYH11 mutations to produce AML in
mice.*"? Despite the growing number of
bona fide cooperating mutations leading
to AML pathogenesis with FLT3-ITD,
several questions remain. How this
mutation contributes to  profoundly
different diseases in children and adults
remains elusive. How FLT3-ITD signaling

output changes as it is introduced with
different co-occurring mutations remains
vastly understudied. Whether the muta-
tions that are coincident with FLT3-ITD,
or the age of the patient, or both, are
more important for specific disease
characteristics, is still not clear.
FLT3-ITD's ability to enhance cell
proliferation  via ~ STAT/extracellular
signal-regulated kinase activation in
leukemogenesis is well known, and this,
coupled with continued improvements
in potency and efficacy of FLT3 TKls, has
cast a shadow over identifying more
intricate, context-specific functions of
FLT3-ITD. Li et al took a completely new
approach to understanding novel FLT3-
ITD biology by comparing its role in
models of pediatric vs adult AML, and in
doing so, begin to answer the open
questions lurking in the shadows.

Driver gene alterations that co-occur
with FLT3-ITD tend to be more age
specific with chromosomal rearrange-
ments, including NUP98-t and MLL-t,
more common in pediatric AML, and
single-gene mutations, such as DNMT3A
and RUNXT loss-of-function mutations,
more common in adult AML. Based on
coincidence in human AML, Li et al
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selected previously characterized mouse
models of Flt3-ITD, harboring either
NUP98-HOXD13 or RUNX1 deletion
(RUNX1MYT) as representative of pediat-
ric and adult coincident mutations,
respectively. To level the playing field
when making comparisons across these
two different AML models, several key
variables including the age of mice and
the premalignant cell type were carefully
controlled, and heterogeneity of the cell
population was accounted for by single-
cell RNA sequencing. This allowed direct
comparison of FIt3-ITD’s contribution to
the transcriptionally and immunopheno-
typically defined cell states in pediatric
NUP98-HOXD13 vs adult RUNXTVVT
contexts. In young mice, Li et al found
that  transcriptional  reprogramming
occurred earlier in Flt3-ITD multipotent
progenitors (MPPs) coexpressing the
fusion  oncoprotein  NUP98-HOXD13
(see figure panel A) and later in Ft3-ITD/
RUNXT co-mutant MPPs (see figure
panel B). Despite both sets of mice
having the same constitutively active
FIt3-ITD mutation, very little overlap was
observed in their leukemogenic gene
expression profiles. These uniquely
coordinated expression profiles also
distinguished older mice with more
advanced disease, as well as pediatric vs
adult patients with AML. At the single-
cell level, FIt3-ITD caused expansion of
a  granulocyte/monocyte  progenitor
(GMP)-like population and emergence of
a new MPP-like population. The addition
of RUNXT™YT  co-mutation  primarily
enlarged these populations. Conversely,
NUP98-HOXD13 drove development of a
totally new and unique MPP-like popula-
tion, which was also dominant with co-
mutation of Flt3-ITD. Thus, FIt3-ITD/RUN-
XM and  FIt3-ITD/NUP98-HOXD13
each produce transcriptionally divergent
cell states by distinct mechanisms (see
figure). These novel insights demonstrate
that FLT3-ITD is much more dynamic than
previously thought. Moving forward, we
should broaden how, and what, we
consider as roles of FLT3-ITD in AML
pathogenesis, keeping in mind that
mutational and developmental contexts
are key.

Critically, studies by Li et al identified a
novel context-specific dependency of
FIt3-ITD/NUP98-HOXD13 co-mutant
MPPs on type 1 interferon (see figure
panel A). Flt3-ITD/NUP98-HOXD13 but
not FIt3-ITD/RUNX1 MPPs were sensi-
tive to deletion of Ifnarl, resulting in

€ blood® 23 MARCH 2023 | VOLUME 141, NUMBER 12 1373



http://refhub.elsevier.com/S0006-4971(22)08291-X/sref1
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref1
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref1
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref1
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref2
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref2
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref2
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref2
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref2
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref3
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref3
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref3
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref4
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref4
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref4
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref4
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref5
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref5
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref5
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref5
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref5
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref6
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref6
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref6
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref6
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref6
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref7
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref7
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref7
http://refhub.elsevier.com/S0006-4971(22)08291-X/sref7
https://doi.org/10.1182/blood.2022019135
http://www.bloodjournal.org/content/141/12/1442
http://www.bloodjournal.org/content/141/12/1442
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2022019135&domain=pdf&date_stamp=2023-03-23

FLT3-TD  GMP

+RUNX1MUT @

MPP
IFNY

@@ reprog;arlr;ming
©

@ sor:m)m,mx/o
@
09
@

A
FLT3-ITD
+NUP98-t
MPP
IFNt
B

0000

Transcriptional

@ \0'[\)0'00'\\)0"00'\300
soL DOROUODONR

00O

Transcriptional
reprogramming
late

NINIUNININININ

©@©©©

Depiction of two different mouse models of pediatric (A) and adult (B) FIt3-ITD co-mutant myeloid leukemia. (A)
FIt3-ITD plus NUP98-translocation (NUP98-t) leads to early transcriptional reprogramming with unique upregu-
lation of type 1 interferon. Co-mutant MPPs expand to give rise to AML. (B) FIt3-ITD plus RUNXT™VT leads to late
transcriptional reprogramming and expansion of co-mutant MPPs and GMPs giving rise to AML. Professional

illustration by Patrick Lane, ScEYEnce Studios.

significantly delayed leukemogenesis
and prolonged survival. Future studies
will need to understand whether type 1
interferon signaling can be leveraged
therapeutically for treatment of pediatric
FLT3-ITD mutant AML. In summary, the
functional output of FLT3-ITD signaling
is dynamic and has age-, cell-type—, and
co-mutation-specific dependencies. This
lesson in FLT3-ITD signaling will not
soon be forgotten and will affect how we
think about responsiveness to TKls and
other therapies in the future in different
FLT3-ITD mutant AML subtypes.

Conflict-of-interest disclosure: S.E.M. has
received research funding from Cell-
Centric. &

REFERENCES

1. LiY, Yang W, Patel RM, et al. FLT3ITD drives
context-specific changes in cell identity and
variable interferon dependence during AML
initiation. Blood. 2023;141(12):1442-1456.

2. Lee BH, Tothova Z, Levine RL, et al. FLT3
mutations confer enhanced proliferation and
survival properties to multipotent
progenitors in a murine model of chronic

myelomonocytic leukemia. Cancer Cell.
2007;12(4):367-380.

3. LiL, Piloto O, Nguyen HB, et al. Knock-in of
an internal tandem duplication mutation into

murine FLT3 confers myeloproliferative
disease in a mouse model. Blood. 2008;
111(7):3849-3858.

4. Meyer SE, Qin T, Muench DE, et al. DNMT3A
haploinsufficiency transforms FLT3ITD
myeloproliferative disease into a rapid,
spontaneous, and fully penetrant acute
myeloid leukemia. Cancer Discov. 2016;6(5):
501-515.

5. Shih AH, Jiang Y, Meydan C, et al. Mutational
cooperativity linked to combinatorial
epigenetic gain of function in acute myeloid
leukemia. Cancer Cell. 2015;27(4):

502-515.

6. GreenblattS, Li L, Slape C, et al. Knock-in of a
FLT3/ITD mutation cooperates with a NUP98-
HOXD13 fusion to generate acute myeloid
leukemia in a mouse model. Blood. 2012;
119(12):2883-2894.

7. Kim HG, Kojima K, Swindle CS, et al. FLT3-
ITD cooperates with inv(16) to promote
progression to acute myeloid leukemia.
Blood. 2008;111(3):1567-1574.

8. Zorko NA, Bernot KM, Whitman SP, et al. Ml|
partial tandem duplication and FIt3 internal
tandem duplication in a double knock-in
mouse recapitulates features of counterpart
human acute myeloid leukemias. Blood.
2012;120(5):1130-1136.

9. Mead AJ, Kharazi S, Atkinson D, et al. FLT3-
ITDs instruct a myeloid differentiation and
transformation bias in lymphomyeloid
multipotent progenitors. Cell Rep. 2013;3(6):
1766-1776.

10. Rau R, Magoon D, Greenblatt S, et al.
NPMc+ cooperates with FIt3/ITD mutations
to cause acute leukemia recapitulating
human disease. Exp Hematol. 2014;42(2):
101-113.e5.

https://doi.org/10.1182/blood.2022019135
© 2023 by The American Society of Hematology

THROMBOSIS AND HEMOSTASIS

Comment on Tischer et al, page 1469

Keeping it together

Andrew Yee | Baylor College of Medicine

In this issue of Blood, Tischer et al’ add to the growing pool of evidence that
allostery within von Willebrand factor (VWF) regulates platelet adhesion.

Rapid platelet adhesion to vascular
injuries has long been known to
depend on VWF, a flexible multimeric
protein with a structure that underlies
its ability to target platelets. A balance
between intramolecular interactions
and hemodynamic forces keeps plasma
VWEF from binding circulating platelets.
Upon immobilization, VWF unravels
and elongates in response to fluid flow,

1374 @ blood” 23 MARCH 2023 | VOLUME 141, NUMBER 12

which activates specific monomers
within  the multimer for platelet
adhesion.? The molecular mechanisms
that govern this highly regulated
switch have been a subject of intense
investigation.

Distinct domains with specific functions
comprise a single monomer of a VWF
multimer. The platelet-binding interface
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