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BIOGRAPHY

Hugues de Thé received a dual formation in medicine and basic sciences and has been at the
forefront of translational leukaemia research. In Necker hospital, he got an advanced training in
physiopathology and the biological bases of therapeutics. During his PhD in Pierre Tiollais’s
laboratory at the Pasteur institute, he learnt molecular biology and applied it to cancer biology.
Since, his research was aimed at linking molecular cell biology to therapeutic responses in cancer.
His studies on acute promyelocytic leukemia and the targeting of PML/RARA by retinoic acid and
arsenic have led to the cure of this once intractable disease and made it a paradigm for targeted
therapies.

The retinoic acid receptors

Insertion of the hepatitis B virus in a liver cancer had occurred in an unknown gene with homology
to nuclear receptors. This allowed the molecular cloning of one of the retinoic acid receptors,
RARB (Nature, 1988). The latter is auto-regulated by its ligand, allowing him to identify the first
response element for these receptors (Nature, 1990). These studies, realized with A. Dejean, not
only contributed to understanding the molecular basis of some liver cancers, but also yielded
critical tools to analyse this novel signalling pathway that plays a key role in tissue homeostasis or
embryonal development.

The discovery of PML/RARA

Among the multiple effects of retinoic acid, one of the most surprising is its ability to induce
terminal differentiation of acute promyelocytic leukemia cells (APL) in vivo. Clinically, this yields
complete, although generally transient, remissions. This malignancy is molecularly characterized
by a specific chromosomal translocation whose breakpoint was mapped to the vicinity of another
retinoic acid receptor, RARA. In collaboration with L. Degos (St. Louis Hospital) and A. Dejean, he
first demonstrated that the RARA gene is rearranged in all APLs tested (Leukemia, 1990), then
molecularly cloned the translocation breakpoint and identified the PML/RARA fusion transcript
(Nature 1990, Cell 1991). Subsequent work demonstrated that PML/RARA is the primary and often
sole molecular driver of this condition. Since retinoic acid is clinically efficient only in APL and
directly binds PML/RARA, this constituted one of the first examples of oncogene-targeted
therapies.
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From transcriptional activation to proteolysis

PML/RARA is a transcriptional repressor silencing expression of hematopoietic differentiation
genes. PML/RARA binding to retinoic acid turns it into a transcriptional activator, explaining
induction of cellular differentiation. APL became a model of differentiation therapy through therapy-
induced transcriptional reactivation, a concept that fuelled significant work in many other
conditions.

The discovery, by Chinese groups, of the therapeutic effects of arsenic trioxide radically changed
the perspective. Indeed, arsenic also induces differentiation in patients, but does not activate
PML/RARA-regulated transcription. Moreover, remissions are often long-lasting and cures were
observed with single agent arsenic. Together with Z. Chen (RuiJin Hospital, Shanghai), he could
show that the two active drugs both initiate degradation of the PML/RARA protein and proposed a
key role of oncoprotein catabolism in therapy response (PNAS 1997, 1999).

Arsenic targets PML

Arsenic directly targets PML and PML/RARA, demonstrating that arsenic is also a targeted
therapy. His team explored in detail PML degradation by arsenic, demonstrating that catabolism is
linked to changes in subcellular localization and post-translational modifications (PNAS, 1997). V.
Lallemand-Breitenbach demonstrated that PML SUMO-conjugation initiates PML proteolysis (JEM,
2001), as it allows recruitment of the RNF4 ubiquitin ligase (Nat Cell Biol, 2008), after direct fixation
of arsenic onto PML (Science, Cancer Cell 2010). This biochemical cascade is accompanied by
profound modifications of PML distribution within the nucleus. PML nucleates specific domains,
PML nuclear bodies, linked to senescence and inflammation. PML/RARA disorganizes these
domains, a feature that promotes transformation. Therapy-induced PML/RARA degradation
restores PML nuclear bodies (Blood, 1993, EMBO J 1994, PNAS 1997). In non-leukemic cells,
arsenic also sharply enhances PML nuclear body formation prior to its degradation and thus
became an invaluable tool to decipher the basis for their assembly and explore their functions, as
detailed below.

Towards an integrated model for therapy response

The respective roles PML/RARA degradation and transcriptional reactivation in therapy response
remained controversial. Analysis of APL mouse models allowed the distinction between leukemic
blast differentiation and loss of self-renewal, two features that are linked, but not identical for
leukemic cells (Nat Rev Cancer, 2010, 2018). Transcriptional activation (or de-repression) yields
differentiation, while PML/RARA degradation drives loss of self-renewal (Nat Med 2008, JEM 2013,
Nat Med 2014). Reformation of PML nuclear bodies triggers growth arrest and senescence, at
least in part through activation of P53. This model, highlighting the key role of normal PML in APL
cure explains the potency of arsenic treatment, since this drug targets both PML/RARA (for
degradation) and PML (for NB formation prior to PML degradation). Mutations of the arsenic-
binding site of PML/RARA, but also PML, in therapy-resistant patients have strongly supported the
role of PML in APL therapy (NEJM 2014, Cancer Cell 2017). The key role of PML/RARA
degradation in therapy response explained the dramatic synergy of the two drugs in animal
models, where their combination is always curative, while none of them alone is (JEM 1999). This
observation laid the ground for clinical studies which have now conclusively demonstrated that
virtually all patients can be cured, without any chemotherapy (PNAS 2004, reviewed in Cancer Cell
2017).
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From PML nuclear body organization to their physiological roles

Driven by the key role of PML nuclear bodies in APL cure, the team has invested significant efforts
to unravel their biogenesis and functions. PML drives formation of these membrane-less
organelles, forming their external shell and recruiting multiple partner proteins whose only
similarities is to undergo SUMO-conjugation and contain a SUMO-interacting motif (SIM). Our
studies have demonstrated that PML oxidation drives NB biogenesis. The latter is followed by PML
sumoylation, partner recruitment and partner sumoylation through recruitment of UBC9 (Cancer
Cell, 2010, JCB, 2014, Nat Com 2022). PML nuclear bodies could be stress-induced catalytic
chambers for sumoylation. Recently, we identified a solvent-exposed cysteine in the B2 box of
PML that is directly targeted by arsenic in the context of a PML trimer, formally demonstrating that
arsenic is a PML-targeted therapy. This residue is normaly involved in the sensing of reactive
oxygen species, a function highjacked by arsenic in APL therapy. The team also demonstrated that
PML plays a key physiological role in oxidative stress response, notably through enhancement of
P53 activation (JEM, 2017).

A recent review of APL work and our contribution delivered at the CSHL meeting "Cancer Genetics:
history and consequences", is accessible online

https://library.cshl.edu/Meetings/Cancer-Genetics/video-pages/de-The.php

Towards other models ?

In studies supported by an ERC advanced grant (2018, PML-THERAPY), the team is interested in
the involvement of PML in other leukemia/treatment pairs, as well as the physiological functions of
PML. In that line, we are re-exploring the bases for response to conventional chemotherapy, both
in mice models and in patients. Finally, with ERC support (2025, RARA-AMLS) we are revisiting the
effects of retinoids in non-APL myeloid leukemias.
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