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The main goal of our research is to elucidate the pathogenesis of hematopoietic
diseases and to study the development of therapeutic strategies for these diseases.
We will continue to develop the therapeutic targets that have already been
identified and advance them to the next stage for clinical application. In particular,
we are collaborating with various research groups in Japan and abroad regarding
the elucidation of pathogenesis through genome analysis, and have discovered a
novel genetic mutation involved in the progression of myeloproliferative tumors.
Further advanced genome analysis has yielded interesting insights into clonal
evolution in PNH.

We are also leading a whole genome sequencing project collected from major
hematopoietic disease centers in Japan, which has identified nhumerous novel
genomic aberrations in acute lymphocytic leukemia and malignant lymphoma. We
are also elucidating the role of specialized neutrophils in MSC therapy by
proteomics analysis and the significance of genomic abnormalities specific to a
particular type of hairy cell leukemia by generating model mice.

1. Whole-genome sequencing of myeloprolifera-
tive neoplasms revealed dynamic clonal
changes in the fibrotic or leukemic transforma-
tion and novel FOXP1 mutations in the fibrotic
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Myeloproliferative neoplasms (MPNs) are charac-
terized by clonal proliferation of hematopoietic stem
cells, which can lead to secondary myelofibrosis or
acute myeloid leukemia. We explored the changes in
genomic alterations during MPN transformation us-
ing whole-genome sequencing of samples from both
the chronic and fibrotic or leukemic phases of 20 pa-
tients. We identified FOXPI mutations in 3 of 14
(21.4%) patients with secondary myelofibrosis. This
novel mutation was identified in another 5 of the 35
patients (14.3%) in an independent cohort. All these 8
patients with FOXP1 mutations did not experience
leukemic transformation after a median follow-up of
5.1 years. The acquisition of non-canonical MPLY>*!
mutations was detected in the fibrotic or leukemic
phase. Clonal expansion, involving both known and
unknown driver genes (in 18 and 2 patients, respec-
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tively), was observed in all patients. We determined
the patterns of clonal evolution based on myeloid
driver mutations in 18 patients: linear clonal evolu-
tion in 11 patients and branched clonal evolution in 7
patients. Our results suggested that MPN patients
carrying FOXP1 mutations are unlikely to have leu-
kemia transformation and emphasized that the acqui-
sition of specific genetic mutations and dynamic
changes in clonal architecture underlie the pathogen-
esis in patients undergoing MPN transformation.

2. Inferred Trajectories of Clonal Expansion in
Paroxysmal Nocturnal Hemoglobinuria.
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Paroxysmal nocturnal hemoglobinuria (PNH) is a
rare clonal hematological disorder resulting from
clonal expansion of PIGA mutated clones. PIGA gene
is involved in the first step of glycosylphosphatidylin-
ositol (GPI) anchored protein synthesis. CD55 and
CD59 are GPI-anchored proteins that function as a
central component of complement regulatory factors
in red blood cells. Somatic mutations of PIGA gene
result in the absence of CD55 and CD59, leading to
complement-mediated intravascular hemolysis. It is
well known that PIGA mutations alone are not suffi-
cient for the clonal expansion of PIGA mutated clones.
T cell mediated immune pressure or additional muta-
tions other than PIGA mutations could confer the
clonal expansion. Currently, next-generation se-
quencing and high-sensitivity flow cytometry enable
us to observe the clonal dynamics and clonal architec-
ture before the diagnosis of PNH. Here I present our
current study in which we attempt to estimate the
clonal expansion in PNH before the diagnosis using
the whole genome sequence of single cell derived col-

onies. This study has the potential to clarify the trajec-
tories of PIGA mutated clones before the significant
clonal expansion or the diagnosis, thereby gaining
insight into the pathogenesis of the clonal expansion
in PNH.
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We analyzed plasma protein profiles in patients
with acute graft-versus-host disease (GVHD) follow-
ing allogeneic hematopoietic stem cell transplanta-
tion using targeted proteomics with Olink®. The re-
sults revealed that biomarkers and pathways
previously reported to be associated with acute
GVHD were identified in the GVHD cohort compared
to healthy controls. Notably, in the acute GVHD
group—particularly those with skin involvement—
neutrophil-secreted proteins and pathways related to
secretory vesicles and degranulation were downregu-
lated compared to patients without GVHD. These
findings suggest potential neutrophil dysfunction in
acute GVHD. We further evaluated the plasma pro-
tein profiles of patients with steroid-refractory acute
GVHD who responded to umbilical cord-derived
mesenchymal stromal cell (UC-MSC) therapy. Com-
pared to pre-treatment profiles, post-MSC therapy
profiles demonstrated a time-dependent upregula-
tion of neutrophil-secreted proteins and pathways as-
sociated with secretory vesicles and degranulation.
These results suggest that MSC therapy can enhance
neutrophil function, leading to suppress GVHD. We
plan to perform T-cell functional analyses using CF-
SE-MLR assays via flow cytometry to investigate
whether MSC-mediated promotion of neutrophils
contributes to GVHD suppression.

4. Multiomics Analysis of Drug Sensitivity in AML
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We conducted drug sensitivity assays using pri-
mary tumor specimens (PTS) from AML patients.
Based on the assay results, we performed bulk RNA
sequencing (RNA-seq) to identify differentially ex-
pressed genes (DEGs) and pathways potentially con-
tributing to the therapeutic responses of specific
drugs. We plan to increase the number of bulk RNA-
seq samples to enable more robust analyses. Addi-
tionally, we aim to integrate PTS data with clinical
information, whole-exome sequencing (WES), and
whole-genome sequencing (WGS) results from AML
patients. This approach will facilitate a comprehen-
sive, multi-faceted evaluation of drug sensitivity.

5. Molecular pathogenesis of hairy leukemia Jap-
anese variant based on whole genome-mul-
ti-omics information
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We have performed whole genome analysis of
hairy cell leukemia variants in collaboration with
Saga University. Hairy cell leukemia is a rare disease,
and hairy cell leukemia without BRAF mutations is
extremely rare and has little validation regarding
pathogenesis. About 30% of cases showed structural
abnormalities such as partial chromosomal deletions
and inversions in the TCL1 to IGH region on chromo-
some 14, which is often observed in other B-cell lym-

phomas. Therefore, we generated a mouse model in
which chromosomal structural abnormalities occur in
the IGH region from TCL1A on chromosome 14 using
the loxP-Cre system, bred Mb1Cre mice to operate the
Cre-loxP system specifically for B cells, and observed
the process of disease development.

6. Whole genome sequencing (WGS)-based
structural variant detection in Acute lympho-
blastic leukemia and other hematological ma-
lignancies
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Our study aimed to i) overcome major obstacles
encountered in SV analysis using short-read sequenc-
ing data , ii) propose an optimal SV detection pipe-
line, and iii) to identify novel structural variants. We
enrolled 1,453 cases diagnosed with major hemato-
logical disorders. For each case, diagnostic samples
along with an oral swab were subjected to a range of
genomic analyses, including whole-genome sequenc-
ing (n=1,453), RNA-seq (n=888), Optical Genome
Mapping (n=12), and long-read sequencing (PacBio,
n=46). Additionally, we constructed a panel of nor-
mals (PoNs) utilizing multiple SV reference panels
(ToMMo, gnomAD SVs) and included 53 remission
samples from pediatric leukemia patients that under-
went whole-genome sequencing. To validate our
findings, we compared the outputs from various SV
callers (GRIDSS, Manta, Delly, SVABA, GenomonSV)
with those obtained through other sequencing mo-
dalities. The intersection of the SV callers revealed
that only 6% of all ensembled calls overlapped, poten-
tially attributed to tumor cell contamination in nor-
mal samples and the presence of caller-specific calls.
Furthermore, we assessed the sensitivity of GRIDSS,
Manta, and SVABA in detecting fusion events using
RNA-seq as a reference standard. Our results indicat-
ed that GRIDSS exhibited improved sensitivity (0.75)
with our custom filter compared to Manta and SVA-
BA (0.5~0.7). Moreover, we validated the effectiveness
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of PoNs, demonstrating its capacity to eliminate ap-
proximately 75% of all calls on average, thus main-
taining a higher positive predictive value. Finally, our
study has identified a substantial number of novel
recurrent structural variants, such as ADD3 deletions
observed in acute lymphoblastic leukemia samples
(15%). Our next steps involve conducting comprehen-
sive functional analyses on these identified variants.

7. Optical Genome Mapping for Hematological
Malignancies
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Optical Genome Mapping (OGM), developed by
Bionano Genomics, represents a novel cytogenetic
technology capable of detecting structural variants
(SVs) and copy number variations (CNVs) by fluores-
cently labeling specific sequences within long DNA
fragments (approximately 1 Mb) and mapping them
to a reference genome. While promising as an alterna-
tive to traditional techniques such as SNP arrays,
G-banding, and FISH, its limitations include the ina-
bility to detect structural variants smaller than 500 bp
or copy number variations below 50,000 bp.

This study analyzed tumor samples from 12 pa-
tients diagnosed with acute myeloid leukemia using
OGM and evaluated its performance by comparison
with G-banding and whole-genome sequencing
(WGS). The structural variant analysis with WGS em-
ployed GRIDSS, while copy number analysis utilized
Battenberg. The sensitivity of OGM for detecting
chromosomal abnormalities identified by G-banding
was 83%, with five out of six chromosomal abnormal-
ities being successfully detected. Events with clone
fractions greater than 80% were detectable by OGM,
while a +21 abnormality with a 30% clone fraction
was not detected.

When comparing OGM with WGS, GRIDSS iden-
tified 93 structural variants, with OGM demonstrat-
ing a 100% sensitivity for chromosomal translocations
and a 94% sensitivity for events larger than 5,000 bp.

However, its sensitivity dropped significantly to 14%
for structural variants smaller than 5,000 bp. The av-
erage number of structural variant calls per sample by
OGM was 1,169, though most lacked supporting evi-
dence. Current efforts to establish optimal thresholds
for QUAL and VAF values for filtering have been in-
conclusive. Some structural variants, such as those
near the SPG11 gene, remain undetectable due to
mapping challenges posed by pseudogenes and para-
logs concentrated in the region. Additionally, posi-
tional discrepancies averaging 3,564 bp were ob-
served between structural variants detected by OGM
and WGS. OGM’s tendency to classify inversions as
intrachromosomal translocations underscores the
need for expert interpretation.

The CNV detection capabilities of OGM revealed
a sensitivity of 0% for events smaller than 50,000 bp
and 28% for events exceeding this size threshold. The
accuracy of CNV detection is influenced by both clone
size and the length of the structural variants. OGM
showed particular utility in identifying translocations
and large-scale deletions, inversions, and duplica-
tions with high sensitivity, making it a viable alterna-
tive to G-banding for samples with high clone purity.
However, the integration of long-read sequencing
technologies is necessary to improve the detection of
complex structural variants and to address current
limitations.

In conclusion, OGM represents a significant ad-
vancement in genomic analysis for hematological ma-
lignancies, offering high sensitivity for specific struc-
tural variants. Nonetheless, its utility is constrained
by limitations in detecting small-scale events and by
challenges inherent to the technology. Further devel-
opment and integration with complementary se-
quencing modalities are essential to maximize its di-
agnostic and research potential.
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In this study, we conducted a comprehensive
genomic analysis of 251 cases of malignant lympho-
ma utilizing whole-genome sequencing (WGS) and
RNA sequencing. WGS was applied to identify single
nucleotide variants (SNVs), copy number variations
(CNVs), and structural variants (SVs), while RNA se-
quencing enabled detailed profiling of gene expres-
sion patterns. This integrative approach allowed us to
systematically uncover not only coding-region muta-
tions in genes previously implicated in malignant

lymphoma but also non-coding region variants with
potential regulatory significance. Importantly, these
non-coding mutations exhibited distinct patterns of
distribution across subtypes as defined by the Lymph-
Gen classification system. Moving forward, we aim to
redefine the classification of malignant lymphoma by
incorporating these non-coding variants alongside
coding-region mutations, with the ultimate goal of re-
fining our understanding of the genomic underpin-
nings of this disease.
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