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1.   Chromatin accessibility in stem cells unveils 
progressive transcriptional alterations in mye-
lodysplastic syndrome 
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Stem cells have the remarkable capacity to both self-renew and give rise to many 
types of more specialized cells in the body, which explains their great therapeutic 
potential in regenerative medicine. But that’s not the only reason stem cells have 
become such a hotbed of scientific inquiry. These cellular transformers also offer an 
invaluable research tool for probing the disease mechanisms that underpin cancer, 
aging and a host of other health problems. Our major interest is to elucidate the 
mechanisms of self-renewal and multi-lineage differentiation of hematopoietic stem 
cells (HSCs). We are also interested in how the deregulated HSC functions are 
associated with aging of our body and the development of age-related 
hematological malignancies. We approach these issues mainly from the view point 
of epigenetics.
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Myelodysplastic syndrome (MDS) originates from 
hematopoietic stem cell (HSC) clones with acquired 
gene mutations. However, the molecular characteris-
tics of MDS stem cells remain poorly understood. 
Here, we show that the chromatin accessibility pro-
files of MDS stem cells more accurately reflect disease 
status than those of progenitor cells and reveal the 
process of stem cell alterations during disease pro-
gression. Characterization of differentially accessible 
regions (DARs) showed that MDS stem cells acquire 
progenitor-like chromatin accessibility during dis-
ease progression, leading to disruption of the normal 
stem-progenitor hierarchy. Profiling of transcription-
al factor-binding motifs at DARs further uncovered 
precocious activation of myeloid transcriptional net-
works in MDS stem cells, with a concurrent loss of 
HSC-associated regulatory programs. In particular, 
increased chromatin accessibility at CEBP target sites 
represented the myeloid reprogramming status of 
MDS stem cells. Newly developed “progenitor 
scores” based on chromatin accessibility stratified 
disease status and correlated well with prognosis. 
These findings indicate that chromatin landscapes of 
MDS stem cells define their cell-autonomous behav-
ior and contribute to disease progression. 

2.   Identification of a CD138-negative therapy-re-
sistant subpopulation in multiple myeloma 
with vulnerability to splicing factor inhibition
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The molecular basis of therapy resistance in multi-
ple myeloma (MM) remains poorly understood. Here, 
we performed single-cell RNA sequencing coupled 
with VDJ-targeted sequencing of highly purified pri-
mary MM cells from patient bone marrow. This ap-
proach uncovered cellular heterogeneity and pheno-
typic plasticity of MM cells across a spectrum of 
CD138 expression, accompanied by drastic epigenetic 
alterations. Notably, therapy-resistant subpopula-
tions were identified within a minor fraction of 
CD138– MM cells, which were shown via CRISPR/
Cas9 screening to be vulnerable to splicing pathway 
inhibition. Consistently, this fraction of CD138– MM 
cells showed increased differential splicing associated 
with overexpression of SR protein family splicing fac-
tors. Among these splicing factors, RNA-binding pro-
tein 39 (RBM39) was overexpressed in therapy-resist-
ant cells and involved in aberrant splicing. Both 
genetic and pharmacological RBM39 inhibition exhib-
ited a significant lethal effect on MM cells. Collective-
ly, our findings identify distinct therapy-resistant 
MM subpopulations and highlight targeting the splic-
ing pathway as a promising therapeutic strategy.

3.   Tracking Clusterin expression in hematopoiet-
ic stem cells reveals their heterogeneous com-
position across the lifespan
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Hematopoietic stem cells (HSCs) exhibit signifi-

cant age-related phenotypic and functional altera-
tions. Although single-cell technologies have eluci-
dated age-related compositional changes, prospective 
identification of aging-associated HSC subsets has 
remained challenging. In this study, utilizing Cluster-
in (Clu)-GFP reporter mice, we demonstrated that Clu 
expression faithfully marks age-associated myeloid/
platelet-biased HSCs throughout life. Clu-GFP ex-
pression clearly segregates a novel age-associated 
HSC subset that overlaps with but is distinct from 
those previously identified using antibodies against 
aging maker proteins or reporter systems of aged 
HSC signature genes. Clu-positive (Clu+) HSCs 
emerge as a minor population in the fetus and pro-
gressively expand with age. Clu+ HSCs display not 
only an increased propensity for myeloid/platelet-bi-
ased differentiation but also a unique behaviour in 
the BM, favouring self-renewal over differentiation 
into downstream progenitors. In contrast, Clu-nega-
tive (Clu–) HSCs exhibit lineage-balanced differentia-
tion, which predominates in the HSC pool during de-
velopment but becomes underrepresented as aging 
progresses. Both subsets maintain long-term self-re-
newal capabilities even in aged mice but contribute 
differently to hematopoiesis. The predominant ex-
pansion of Clu+ HSCs largely drives the age-related 
changes observed in the HSC pool. Conversely, Clu– 
HSCs preserve youthful functionality and molecular 
characteristics into old age. Consequently, progres-
sive changes in the balance between Clu+ and Clu– 
HSC subsets account for HSC aging. Our findings es-
tablish Clu as a novel marker for identifying 
aging-associated changes in HSCs and provide a new 
approach that enables lifelong tracking of the HSC 
aging process.

Publications

1.		� Yamagishi M, Iwama A, Kitabayashi I. Polycomb 
repressive complexes as therapeutic targets in he-
matologic malignancies. Exp Hematol 2025 Dec 
22:105339. doi: 10.1016/j.exphem.2025.105339. 

2.		� Oshima M, Takayama N, Nakajima-Takagi Y, Shi-
noda D, Itokawa N, Kurosawa S, Kaito S, Kamiya 
T, Yamada Y, Andoh S, Kayamori K, Paul SK, 
Kanashiro MA, Muto T, Tsukamoto S, Sakaida E, 
Sato E, Yusa N, Yokoyama K, Nannya Y, Imoto S, 
Rahmutulla B, Kaneda A, Yamaguchi K, Furuka-
wa Y, Doki N, Eto K, Nishikawa K, Ding Y, Myojo 
T, Harada Y, Harada H, and Iwama A. Chromatin 
accessibility in stem cells unveils progressive tran-
scriptional alterations in myelodysplastic syn-
drome. Nat Commun 16:10726, 2025.

3.		� Kamiya T, Ajiro M, Oshima M, Koide S, Nakaji-
ma-Takagi Y, Aoyama K, Tsuchiya A, Kaito S, Ito-
kawa N, Ito R, Yamaguchi K, Furukawa Y, Rahmu-
tulla B, Kaneda A, Shimizu T, Doki N, Kikuchi T, 
Tsukada N, Yamashita M, Okamoto S, Yoshimi A, 

Kataoka K, Iwama A. Identification of a 
CD138-negative therapy-resistant subpopulation 
in multiple myeloma with vulnerability to splic-
ing factor inhibition. Blood Cancer Discovery, 
6(6):602-622, 2025.

4.		� Koide S, Oshima M, Kamiya T, Zheng Z, Liu Z, 
Rizq O, Nishiyama A, Murakami K, Yamada Y, 
Nakajima-Takagi Y, Rahmutulla B, Kaneda A, 
Yokoyama K, Yusa N, Imoto S, Miura F, Ito T, Ta-
mura T, Nerlov C, Yamashita M, and Iwama A. 
Tracking Clusterin expression in hematopoietic 
stem cells reveals their heterogeneous composi-
tion across the lifespan. Blood 146:62-75, 2025.

5.		� Ho AD, Iwama A. Special issue: Bone Marrow Ag-
ing. Exp Hematol 144:104750, 2025. 

6.		� Manabe N, Sakurai T, Kihara-Negishi F, Nakaza-
wa Y, Yamada T, Iwama A, Oikawa T. Antagonis-
tic effects of PU.1 on Gfi-1B-induced erythroid col-
ony formation in human cord blood cells. Cell 
Mol Biol 71(3):48-56, 2025.

Annual Report 2025（納品用）.indb   143Annual Report 2025（納品用）.indb   143 2026/05/14   10:28:562026/05/14   10:28:56



144

7.		� Yogo T, Becker HJ, Kimura T, Iwano S, Kuchimaru 
T, Miyawaki A, Yokomizo T, Suda T, Iwama A, 
Yamazaki S. Progenitor Effect in the spleen drives 
early recovery via universal hematopoietic cell in-
flation. Cell Rep 44:115241, 2025.

8.		� Yamanashi Y, Takamaru S, Okabe A, Kaito S, Azu-

maya Y, Kamimura Y, Yamatsugu K, Kajirai T, Ku-
rumizaka K, Iwama A, Kaneda A, Kawashima S, 
and Kanai M. Chemical catalyst manipulating 
cancer epigenome and transcription. Nat Com-
mun 16:887, 2025.

Annual Report 2025（納品用）.indb   144Annual Report 2025（納品用）.indb   144 2026/05/14   10:28:562026/05/14   10:28:56




