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Double trouble: IRAK1/4
inhibitors in AML/MDS
Hannah J. Uckelmann1-3 and Jan-Henning Klusmann1-3 | 1Goethe University
Frankfurt; 2Frankfurt Cancer Institute; and 3German Cancer Consortium

In this issue of Blood, Bennett et al1 explore the potential of dual targeting of
interleukin-1 receptor-associated kinase 1 and 4 (IRAK1/4) in hematologic
malignancies, such as myelodysplastic syndrome (MDS) and acute myeloid
leukemia (AML). This study not only gives important mechanistic insights into
how immune signaling pathways are hijacked during MDS/AML development
but also offers a new therapeutic approach.
shpublications.net/blood/article-pd
Myeloid malignancies, including MDS
and AML, continue to present significant
challenges for patients and clinicians
due to their complex genetic and
molecular landscapes. Recent advances
in targeted therapies have shown
promise, but durable responses remain
elusive for many patients.2 MDS and
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AML exhibit extensive dysregulation of
immune and inflammatory pathways and
have many genetic alterations affecting
Toll-like receptor (TLR) and interleukin 1
receptor (IL-1R) pathways.3 These path-
ways converge at IRAK1/4, essential
components of the innate immune
response (see figure). As it was believed
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that a complex with MyD88 and IRAK4 is
vital for activation of IRAK1 and subse-
quent downstream effectors during
malignant hematopoiesis, IRAK4 inhibi-
tors—such as CA4948 (emavusertib)—
and proteolysis targeting chimeric small
molecule degraders are being assessed
in preclinical studies and clinical trials for
hematologic malignancies, including
lymphoma, MDS, and AML.4-6

Bennett and colleagues now show that
the promising but limited responses to
IRAK4 inhibitors in MDS and AML
clinical trials are due to functional
complementation and compensation
by its paralog, IRAK1.7 Their findings
indicate that cotargeting IRAK1 and
IRAK4 is required to fully suppress
leukemic stem/progenitor cell (LSPC)
function and induce differentiation (see
figure). This is a significant discovery,
as it implies that dual IRAK1/4 inhibi-
tion provides a more effective thera-
peutic approach for hematologic
malignancies than targeting either
molecule alone. Furthermore, the
study challenges conventional under-
standing of IRAK1 and IRAK4 signaling,
which was thought to function primarily
downstream of the proximal adapter
MyD88. The authors discovered that
complementary and compensatory
IRAK1 and IRAK4 dependencies in
MDS/AML occur via noncanonical
MyD88-independent pathways, under-
lining the complexity of immune
signaling in hematologic malignancies.
Through extensive genomic and pro-
teomic analyses, the authors unveiled
that IRAK1 and IRAK4 preserve the
undifferentiated state of MDS/AML
LSPCs by coordinating a network of
pathways, including those converging
on the PRC2 complex and JAK-STAT
signaling. These findings provide
valuable insights into the molecular
mechanisms underpinning dysregu-
lated immune signaling in hematologic
malignancies. More importantly, these
findings provide a strong rationale for
developing dual IRAK1/4 inhibitors.
Therefore, the authors engineered a
potent and selective dual IRAK1 and
IRAK4 inhibitor, KME-2780. In preclin-
ical studies, they demonstrated that
MDS/AML cell lines and patient-
derived samples showed significant
suppression of LSPCs in vitro and in
xenograft studies in vivo when treated
with KME-2780, as compared with
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selective IRAK4 inhibitors. Thus, this
IRAK1/4 inhibitor, KME-2780, warrants
further investigation in clinical studies.

The article by Bennett et al has far-
reaching implications for leukemia
research and treatment. The authors
have identified a novel mechanism of
resistance to IRAK4 inhibitors, which is
hijacking components of canonical
immune signaling pathways and rerout-
ing them to block differentiation of
hematopoietic cells. This study high-
lights the significance of considering
functional complementation by paralogs
and compensatory signaling pathways in
the development of targeted therapies.
Given that approximately 70% of human
protein-coding genes have at least 1
paralog, exploring compensatory mech-
anisms involving paralogs or noncanon-
ical routes of signaling cascades should
be a crucial component in the early
stages of drug development.8,9 In some
cases, a dual treatment strategy target-
ing multiple paralogs of a signaling
molecule may prove more effective
than specific single-target molecules,
thereby circumventing potential resis-
tance mechanisms and enhancing
patient outcomes. A similar phenome-
non was recently demonstrated for
MDM2 and its paralog MDMX, both of
which can inactivate TP53; dual target-
ing of MDM2/MDMX exhibited superior
therapeutic efficacy in AML.10

In conclusion, Bennett et al’s study repre-
sents a significant advancement in our
understanding of immune signaling dysre-
gulation in hematologic malignancies and
may influence the development of tar-
geted therapies beyond MDS and AML.
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3. Gañán-Gómez I, Wei Y, Starczynowski DT,
et al. Deregulation of innate immune and
inflammatory signaling in myelodysplastic
syndromes. Leukemia. 2015;29(7):
1458-1469.
946 14 SEPTEMBER 2023 | VOLUME 142,
4. Bennett J, Starczynowski DT. IRAK1 and
IRAK4 as emerging therapeutic targets in
hematologic malignancies. Curr Opin
Hematol. 2022;29(1):8-19.

5. Gummadi VR, Boruah A, Ainan BR, et al.
Discovery of CA-4948, an orally bioavailable
IRAK4 inhibitor for treatment of hematologic
malignancies. ACS Med Chem Lett. 2020;
11(12):2374-2381.

6. Fitzgerald KA, Kagan JC. Toll-like receptors
and the control of immunity. Cell. 2020;
180(6):1044-1066.

7. Garcia-Manero G, Winer ES, DeAngelo DJ,
et al. S129: Takeaim leukemia—a phase 1/2A
study of the IRAK4 inhibitor emavusertib (CA-
4948) as monotherapy or in combination with
azacitidine or venetoclax in relapsed/
refractory AML or MDS. HemaSphere. 2022;
6(Suppl):30-31.
NUMBER 11
8. Ibn-Salem J, Muro EM, Andrade-Navarro MA.
Co-regulation of paralog genes in the three-
dimensional chromatin architecture. Nucleic
Acids Res. 2017;45(1):81-91.

9. Parrish PCR, Thomas JD, Gabel AM,
Kamlapurkar S, Bradley RK, Berger AH.
Discovery of synthetic lethal and
tumor suppressor paralog pairs in the
human genome. Cell Rep. 2021;36(9):
109597.

10. Carvajal LA, Neriah DB, Senecal A, et al. Dual
inhibition of MDMX and MDM2 as a
therapeutic strategy in leukemia. Sci Transl
Med. 2018;10(436):eaao3003.
https://doi.org/10.1182/blood.2023020812

© 2023 by The American Society of Hematology
TRANSPLANTATION

Comment on Umino et al, page 1008

W“H-Y” antigen/HLA
complexes in chronic
GVHD
Noa G. Holtzman and Steven Z. Pavletic | National Cancer Institute

In this issue of Blood, Umino and colleagues1 reveal the intricate immune
interactions that contribute to chronic graft-versus-host disease (cGVHD)
after allogeneic hematopoietic cell transplantation (HCT) by identifying
drivers of antibody production, specifically, the importance of distinct HLA
class II alleles in minor histocompatibility antigen (mHA)-driven alloimmunity
by H-Y antigens in sex-mismatched HCT.
Female donor-to-male recipient (F-to-M)
HCT has a higher risk of GVHD, and this
observation has served as a foundation
for understanding the role of mHA
disparity in pathogenic alloimmunity
after HCT by studying the H-Y antigens.2

Despite these advances, the direct
downstream effects leading to organ
damage and morbidity from cGVHD are
not well understood.

Umino et al evaluatedHCT patient plasma,
skin biopsies, and leukemia cells to better
understand effectors of humoral alloim-
munity in cGVHD. Utilizing a national HCT
registry of HLA identical transplants, 768
patients who had F-to-M HCT were iden-
tified. Using plasma samples, the authors
found that specific HLA class II alleles
influenced cGVHD risk: HLA-DRB1*15:02
had the highest risk, and HLA-DRB1*09:01
appeared protective. Interestingly, these
groups had no difference in preceding
acute GVHD, suggesting an independent
mechanism involved in acute GVHD. The
reverse direction (M-to-F) HCT patients
also showed HLA-DRB1 allele associations
with cGVHD (*11:01 with increased risk,
*08:03 with decreased risk) and same-sex
(M-to-M) cohorts showed no effect of spe-
cific HLA-DR alleles on cGVHD. The
cGVHD risk associated with these specific
HLA class II molecules appeared directly
related to their ability to form complexes
with H-Y antigens that allow for transport
and presentation of the H-Y antigen on
the cell surface, with strongest expression
of the H-Y antigen DBY. These complexes
were found expressed in dermal vascular
endothelium of cGVHD-involved skin,
with surrounding myofibroblast markers
and tissue fibrosis. Alloantibodies against
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