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Anaplastic large cell lymphoma (ALCL) is a rare type of T-cell lymphoma, accounting for 10 to 20% of childhood

lymphomas. ALK-positive ALCL (ALK+ ALCL) in children carry a characteristic t(2;5) (p23;q35) chromosomal

translocation, leading to the constitutive activation of the oncogenic fusion protein nucleophosmin (NPM)-ALK,

which drives lymphomagenesis . 
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1.Introduction :

Since the current treatment of this lymphoma (mainly based on aggressive chemotherapy) is not optimal, as 30%

of the patients relapse five years post-treatment  , considerable efforts have been made to develop therapies

directly targeting the NPM-ALK oncoprotein. One compound, the dual ALK/MET tyrosine kinase inhibitor (TKI), was

the first-in-class ALK TKI used in clinics for ALK  ALCL and has been shown to be effective in refractory/relapsed

cases . However, escape mechanisms that allow cancer cells to overcome the effects of crizotinib have emerged

. This led to both the development of a new generation of TKI inhibitors as well as a diverse range of combined

therapies, in an attempt to preempt relapses and to eradicate the malignant cells . In this context, and to

improve crizotinib therapy, we investigated the role and regulation of macro-autophagy (hereafter referred to as

autophagy) in crizotinib-treated ALK  ALCL .

Autophagy is a conserved vesicular pathway that allows cells to sequester and degrade either bulk cytoplasm

and/or selective substrates . Such unwanted materials are sealed in double-membrane autophagosomes, and

then submitted to degradation by lytic enzymes. These catabolic reactions occur in autophagolysosomes, which

are organelles resulting from the fusion between autophagosomes and lysosomes. Being such an essential

biological pathway for cell homeostasis and integrity, dysregulations of the autophagic process have been

implicated in many diseases, including cancers . In this context, autophagy was shown to prevent tumorigenesis

in early stages but favor tumor progression in advanced stages . This two-faced role of autophagy is also

observed following cancer therapies. Indeed, depending on the treatments and on the types of cancer, evidence for

pro-survival or, conversely, pro-death functions of autophagy has been reported .

Over the last few years, our work has focused on the therapeutic modulation of autophagy to improve crizotinib

therapy in ALK  ALCL. Here, we briefly present our previous results, first demonstrating the cytoprotective role of
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autophagy in bulk and stem-like ALK  ALCL cells that were submitted to crizotinib single targeted therapy, and we

highlight the possible molecular mechanisms underlying this pro-survival function of autophagy. Second, it is

showed, on the contrary, pro-death autophagy function in ALK  ALCL cells submitted to combined therapies (ALK

and BCL2 or ALK and RAF1 co-inhibition) and we document as well, from the literature, the proposed molecular

mechanisms for tumor cells’ demise in these settings.

2. Pro-Survival Autophagy in Crizotinib-Treated Bulk and
Stem-like ALK  ALCL cells

Evidence for autophagy induction. A body of experiments demonstrated the induction of autophagy in ALK  ALCL

cell lines, following crizotinib treatment. This was assessed by a combination of complementary approaches:

increased number of degradative autophagic vacuoles (as detected by electron microscopy), increased LC3-II dot

staining (as revealed by immunohistochemistry) and increased expression of autophagy-related genes .

Moreover, autophagy flux activation was demonstrated by classical LC3 turnover assays, and by using tandem

fluorescent probe LC3 expressing ALK  ALCL cells in both immunofluorescence microscopy and flow cytometry

analyses . Importantly, the autophagy flux was found higher in the stem-like subset of ALK  ALCL cells, and

associated with crizotinib chemo-resistance.

Evidence for pro-survival function of autophagy. It further demonstrated, both in vitro (by performing viability,

apoptosis and clonogenic assays) and in vivo (by measuring xenografted tumor growth), that the combination of

ALK and autophagy inhibitions led to the re-sensitization of the bulk and stem-like subset of ALK  ALCL cells to

crizotinib thus highlighting the cytoprotective function of autophagy in these settings .

Possible molecular mechanisms for the cytoprotective autophagy. Autophagy could protect therapeutically

challenged tumor cells through (i) the impairment of apoptosis. Indeed, autophagy could sequester and degrade

pro-apoptosis proteins  (or the upstream transcriptional factors controlling their expression ). It could also limit

the production of pro-apoptotic reactive oxygen species (ROS) and therefore restrain the oxidative stress-induced

apoptotic cell death . Autophagy cytoprotective functions could also rely on (ii) the induction and maintenance of

cancer stemness. Indeed, a link between autophagy, cancer stemness and chemoresistance has been described

in several cancer types  and was correlated, in ALK  ALCL stem-like subset, with a high protein level of MYC

. The downstream effectors of MYC in this particular setting are not known, yet.

3. Autophagy associated with Cell Death in Crizotinib-
Treated ALK  ALCL cells

Definition. The term “Autophagy associated with cell death” encompasses cases of cell death, where autophagy

markers and autophagy flux are increased, but where autophagy inhibition does not suppress the death outcome.

As detailed below, two of our studies report combined therapies in ALK  ALCL cells, which result in enhanced

autophagy associated with lymphoma cells’ demise.
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The combined targeting of ALK and BCL2. We reported that crizotinib treatment resulted in the upregulation of

BCL2 mRNA and protein levels. The knockdown of BCL2, concomitantly to crizotinib treatment, resulted in an

increased loss in cell viability, associated with enhanced autophagy and apoptosis . In these settings, the

blockade of autophagy resulted in a partial rescue in the loss of cell viability. Thus, according to the definition

explained above, autophagy appeared to be associated with lymphoma cells’ death.

The combined targeting of ALK and RAF1. We found that RAF1 phosphorylated ULK1 at inhibitory site.

Consequently, we found that RAF1 inactivation unleashed the autophagy response, which was associated with

increased cell death, including apoptosis . As autophagy inhibition in these settings was not able to rescue cell

viability, we proposed that the enhanced autophagy flux was likely to support other cell death modalities, but then

became dispensable for the execution of cell death.

Possible molecular mechanisms for pro-death autophagy. In the literature, it has been shown that enhanced

autophagy could lead to the death of therapeutically challenged tumor cells through (i) the selective removal of pro-

survival substrates  or anti-apoptosis factors . Autophagy lethal functions could also rely on (ii)

autophagosomal membranes, which could serve as scaffold for other cell death modalities, such as apoptosis 

or necroptosis . Another emerging possibility is related to (iii) the role of autophagy and autophagosomes in

antigen presentation  and in the immune control of tumors .

4. Conclusion

Autophagy is a fundamental cellular process, controlling cell fate (survival or death) according to the physiological,

pathological, and therapeutic context. In cancers, many studies have been conducted to understand how to

manipulate the autophagy process to improve treatments. Our work in the field of ALK-targeted therapy in ALK

ALCL cells demonstrated that “restrained” autophagy (upon crizotinib single treatment) was cytoprotective in bulk

and stem-like cells, whereas “enhanced” autophagy (upon combined therapies using crizotinib and additional drugs

targeting the autophagy process or one of its regulators) was associated with cell death. Thus, our results indicated

that manipulating autophagy could improve the efficiency of crizotinib-targeted therapy.
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Figure 1. ALK+ ALCL treatments: current and potential therapies based on autophagy modulation. Considering the

30% of ALK+ ALCL patients who are either refractory to the gold standard ALCL99 protocol or who experienced

relapses, research efforts were conducted toward the development of targeted and combined therapies. This

scheme summarizes our four fundamental studies, showing the potential therapeutic benefit of modulating

autophagy to improve the targeted therapy of ALK+ ALCL using crizotinib (dashed lines). Consistent with the

known dual role of autophagy (pro-survival or pro-death) according to the therapeutic context, we found that a

single treatment of crizotinib led to protective autophagy in bulk and stem-like ALK+ ALCL cells, whereas its

combination with inhibitors of other key cellular factors triggered an enhanced autophagy associated with cell

death.

In a more global view, it is likely that the assessment of autophagy activity (through genome sequencing and

autophagy-related gene expression profiling), both in tumor cells and in their microenvironment, at diagnosis and/or

following therapy, could lead to the identification of new molecular biomarkers and actionable biologic pathways,

which would potentially improve the clinical management of cancers.
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