159

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell and Genome Biology

e R AN L B L

| Associate Professor Ayana Kon, M.D., Ph.D.

| &5z EL(EY) R ¥

hematological stem cells and cancers.

Hematologic malignancies result from genomic abnormalities in hematopoietic stem
and progenitor cells, leading to genetically diverse populations through clonal
selection. Advances in next-generation sequencing have expanded our
understanding of cancer mutations, but many mechanisms remain elusive. Our lab
focuses on identifying unknown genetic abnormalities and molecular mechanisms
in hematologic malignancies. Using patient samples and disease models, we
combine molecular biology with data science to uncover the biology of
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DDX41 is a newly identified leukemia predisposi-
tion gene encoding an RNA helicase, whose germline

mutations are tightly associated with late-onset mye-
loid malignancies. Importantly, germline DDX41 mu-
tations were also found in as many as ~8 % of sporad-
ic cases with high-risk MDS, conferring the largest
germline risk for myeloid malignancies. In typical
cases, a germline loss-of-function allele is compound-
ed by a somatic missense mutation affecting the heli-
case domain in the remaining allele (p.R525H). How-
ever, the molecular mechanisms by which DDX41
mutations lead to myeloid neoplasms have not been
fully elucidated.

To clarify the role of these distinct DDX41 alleles,
we generated mice models carrying either or both of
conditional/constitutive Ddx41 knock-out (KO) and
conditional R525H knock-in (KI) alleles. By crossing
these mice and further breeding with Rosa26-CreERT2
transgenic mice, we engineered mice that were wild-
type for Ddx41 (Ddx41*"*), heterozygous Ddx41 KO
(Ddx41*"), homozygous Ddx41 KO (Ddx417), hete-
rozygous for the Ddx41 R525H mutation (Ddx41%%1),
or hemizygous for the Ddx41 R525H mutation
(Ddx41%%H7), in which expression of the mutant allele
was induced by tamoxifen administration.

First, we assessed cell intrinsic effects of these
Ddx41 alleles, using noncompetitive transplantation
experiments. Shortly after tamoxifen administration,
most of the recipient mice that were transplanted
with BM from Ddx417 or Ddx41%%% mice died with-
in a month after CreERT?2 induction due to severe BM
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failure (BMF), which was not observed in mice trans-
planted with BM from Ddx41*", Ddx41*- or Ddx4 1%
mice. By contrast, the mice transplanted with Ddx41*
or Ddx41%%1* BM showed significantly reduced WBC
counts and anemia in long-term observation in both
primary and serial transplantations. Some of the
Ddx41*" or Ddx41%%1* BM-transplanted mice exhibit-
ed MDS-like phenotypes, showing ineffective he-
matopoiesis with evidence of erythroid dysplasia.
Transcriptome analysis revealed that stem cells
derived from Ddx41%%"- BM-transplanted mice ex-
hibited a significant upregulation of genes involved
in innate immunity, including interferon stimulated

genes, compared with stem cells derived from
Ddx41** BM-transplanted mice. In addition, riboso-
mal genes were significantly deregulated in stem cells
from Ddx41" and Ddx41%*%" BM-transplanted mice,
which could result in abnormal ribosome biogenesis
and protein synthesis in Ddx41 mutant cells.

Our results revealed that monoallelic Ddx41 loss-
of function led to age-dependent impaired hemato-
poiesis, 1while biallelic loss-of function and R525 al-
leles showed a compromised function of
hematopoiesis, where activated innate immunity and
impaired ribosome functions may play important
roles.
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