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Acute myeloid leukaemia (AML) is a heterogeneous disease of the haematopoietic system
with a dismal prognosis. Indeed, two-year survival rates are as low as 5-15% in poor risk
older patients , highlighting the critical need to better understand disease biology and drive
new therapeutic approaches. Epigenetic plasticity – especially in leukaemic stem cells (LSCs),
the cancer stem cells of haematopoietic disorders – has underpinned drug resistance and
relapse, with β-catenin and Wnt signalling regularly reported as a key hub for this
plasticity .
In this issue, Wagstaff et al. report a crosstalk between β-catenin and another poor
prognostic factor in AML, WT1, with reciprocal regulation of their respective gene
transcription functions and converging cellular phenotypes . Indeed, modulation of either
protein can result in Wnt signalling alterations, a critical pathway for balancing healthy
haematopoietic stem cell function and drug resistance in AML LSCs . In 2019, Morgan et
al. reported the first nuclear and cytoplasmic interactomes of β-catenin in AML , showing
that β-catenin-LEF1 interactions were relevant to DNA binding. The present study moves
beyond β-catenin-DNA dynamics, finding that β-catenin interacts with a protein that has
RNA binding capacity . Surprisingly, Wagstaff et al. report this interaction can occur in the
cytoplasm of AML, demonstrating different nucleic acid targets depend on the sub-cellular
location. This is critically important as the interaction between β-catenin and WT1 does not
appear to be direct, and the authors hypothesise it is through an intermediate DNA or RNA
molecule.
The majority of β-catenin-WT1 interaction is Wnt-responsive and nuclear localised in cell
lines, suggesting that it only occurs in the presence of stabilised and nuclear translocation βcatenin. On the contrary, in primary patient AML samples, this interaction is both nuclear
and cytoplasmic, potentially suggesting the stabilisation of β-catenin is more important than
its nuclear translocation. Despite the discrepancy between cell line models and primary
patient material, WT1 appears to be necessary for β-catenin nuclear translocation, as in its
absence there is minimal β-catenin nuclear localisation. In agreement with this, induction of
clinically relevant WT1 mutations in cell line models induced Wnt signalling in the absence
of Wnt stimulation, demonstrating that the WT1 mutations present in patients may be
driving β-catenin activity.
Whilst perturbing WT1 clearly alters β-catenin activity, this appears to be reciprocal,
whereby the absence of β-catenin results in hyper-degradation of WT1, for which the
authors hypothesise that β-catenin is actively protecting WT1 from degradation. To further
complicate matters, proteosome inhibition downregulates WT1, presumably through
feedback at the epigenetic level . This makes unpicking the relationship between β-catenin
and WT1 even more difficult and it would be interesting to find the intermediate partners
required for β-catenin and WT1 interactions and how they vary in AML.
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In a therapeutic context, there is potential for redundancy between β-catenin and WT1
targeting, as inhibition of a single target or pathway may be insufficient if the other
molecule can compensate . Therefore, it will be interesting to see in future work if LSC
drug resistance conferred by β-catenin can be overcome by targeting WT1, and whether
WT1 mutant AML has specific β-catenin-dependent vulnerabilities.
References
1. Roman E, Smith A, Appleton S, et al. Myeloid malignancies in the real-world:
Occurrence, progression and survival in the UK’s population-based Haematological
Malignancy Research Network 2004-15. Cancer Epidemiol. 2016;42:186-198.
2. Fong CY, Gilan O, Lam EYN, et al. BET inhibitor resistance emerges from leukaemia
stem cells. Nature. 2015;525(7570):538-542.
3. Gibbons GS, Owens SR, Fearon ER, Nikolovska-Coleska Z. Regulation of Wnt Signaling
Target Gene Expression by the Histone Methyltransferase DOT1L. ACS Chem Biol.
2015;10(1):109-114.
4. Wagstaff M, Tsaponina O, Caalim G, et al. Crosstalk between β-catenin and WT1
signalling activity in acute myeloid leukaemia. Haematologica. 2022;xxx.
5. Luis TC, Naber BAE, Roozen PPC, et al. Canonical wnt signaling regulates
hematopoiesis in a dosage-dependent fashion. Cell Stem Cell. 2011;9(4):345-356.
6. Siriboonpiputtana T, Zeisig BB, Zarowiecki M, et al. Transcriptional memory of cells of
origin overrides β-catenin requirement of MLL cancer stem cells. EMBO J.
2017;36(21):3139-3155.
7. Zeisig BB, Fung TK, Zarowiecki M, et al. Functional reconstruction of human AML
reveals stem cell origin and vulnerability of treatment-resistant MLL-rearranged
leukemia. Sci Transl Med. 2021;13(582):eabc4822.
8. Wang Y, Krivtsov AV, Sinha AU, et al. The Wnt/beta-catenin pathway is required for
the development of leukemia stem cells in AML. Science. 2010;327(5973):1650-1653.
9. Morgan RG, Ridsdale J, Payne M, et al. LEF-1 drives aberrant β-catenin nuclear
localization in myeloid leukemia cells. Haematologica. 2019;104(7):1365-1377.
10. Toska E, Roberts SGE. Mechanisms of transcriptional regulation by WT1 (Wilms’
tumour 1). Biochem J. 2014;461(1):15-32.
11. Galimberti S, Canestraro M, Khan R, et al. Vorinostat and bortezomib significantly
inhibit WT1 gene expression in MO7-e and P39 cell lines. Leukemia. 2008;22(3):628631.
12. Nishida S, Hosen N, Shirakata T, et al. AML1-ETO rapidly induces acute myeloblastic
leukemia in cooperation with the Wilms tumor gene, WT1. Blood. 2006;107(8):33033312.
13. Zhou B, Jin X, Jin W, et al. WT1 facilitates the self-renewal of leukemia-initiating cells
through the upregulation of BCL2L2: WT1-BCL2L2 axis as a new acute myeloid
leukemia therapy target. J Transl Med. 2020;18(1):254.
12,13

