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[Background]
Myeloproliferative neoplasms (MPNs) are a type of myeloid malignancy that are characterized by the
expansion of a multipotent hematopoietic progenitor stem cell. Philadelphia-negative MPNs in chronic
phase have a risk of transformation to secondary myelofibrosis (sMF) and/or secondary acute myeloid|
leukemia (sAML). Myelofibrosis transformation was observed in 6-14% of patients with polycythemia veral
(PV) and 4-11% of patients with essential thrombocythemia (ET) at 15 years, respectively. The prognosis of
patients with the transformation of MPNs is dismal. During the last few decades, several genomic studies
have revealed the pathogenesis underlying the transformation of chronic phase MPNs and established the
classification and prognostic model of patients with MPNs. Myeloid driver mutations other than mutations
affecting MPN driver genes (JAKZ2, MPL, or CALR), including TETZ, DNMTS3A, ASXL1, and EZHZ2 were
identified in 55% of patients
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[Mutation profile

Novel FOXPI mutations were identified. These mutations were found in 3 of 14 patients (21.4%) with sMF
in the initial WGS cohort and in an additional 5 of 35 patients (14.3%) in an independent cohort. Combining]
the results, FOXPI mutations were detected significantly more frequently in sMF patients (16.3%, 8/49)
compared to overt-PMF patients (2.3%, 4/171). Importantly, none of the 39 sAML samples analyzed|
harbored FOXPI mutations. All eight patients with FOXPI mutations did not experience leukemic
transformation after a median follow-up of 5.1 years from the sMF diagnosis. This suggests that MPN|
patients carrying FOXPI mutations are unlikely to undergo sAML transformation.
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[Pattern of clonal evolution

The patterns of clonal evolution were analyzed, showing linear evolution in 11 patients and branched
evolution in 7 patients. Changes in clonal architecture were classified as static in 2 patients and dynamic
in 18 patients. Dynamic clonal changes, characterized by significant differences in clone sizes or newly
acquired mutations, were highly prevalent in the transforming cohort.
Clonal expansion of newly acquired mutations without known myeloid drivers was observed even in|
patients with static clonal architecture, suggesting potential involvement of unknown factors.

The findings emphasize that the acquisition of specific genetic mutations and dynamic changes in clonal
architecture underlie the pathogenesis in patients undergoing MPN transformation.
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Mutational signature analysis revealed clock-
like signatures (SBS1, SBS5) in both phases,
SBS19 specifically in early mutations, and a

trend for increased DNA repair defect
signatures (SBS3/SBS6/SBS30) in late
mutations.

The study's limitations include the small
sample size for certain analyses, potential
impact of combining sMF and sAML data,
limitations of bulk sequencing for clonal
architecture assessment, and lack of
functional experiments to validate the roles of
MPLY591D and FOXPI. Despite these, the
study provides insight into the potential roles
of MPLY591D  FOXPI1, and NFE2 mutations
and highlights the complexity of clonal
dynamics during MPN transformation.

This result was published in Leukemia. 2025
May;39(5):1218-1227.

Ongoing study

Based on these results, we are now cond
ucting functional analysis of the newly di
scovered FOXP1 gene mutation. First, FO
XP1 is known to be highly expressed in o
ther tumors and is considered a gain-of-fu
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nction mutation. However, since FOXP1 i
s deleted in MPNs, it may be a loss-of-fu
nction mutation. In this study, we transfe
cted a JAK2 mutant into a JAK2 mutant cell line and observed proliferation of the cells. Signal a
nalysis of the transfected cells and the effects of the mutant in animal models are planned.
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