
Pro-survival role of p62 during granulocytic
differentiation of acute myeloid leukemia cells

Evelyne S�egal-Bendirdjian1, Mario P Tschan2, Josy Reiffers3,4, and Mojgan Djavaheri-Mergny3,4,*

1INSERM UMR-S 1007; Cellular Homeostasis and Cancer; Universit�e Paris Descartes; Sorbonne Paris Cite; Paris, France; 2Division of Experimental Pathology; Institute of Pathology;

University of Bern; Bern, Switzerland; 3INSERM U916 VINCO; Institut Bergoni�e; Bordeaux, France; 4University of Bordeaux; Bordeaux, France

Keywords: autophagy, cell survival, differentiation, leukemia, SQSTM1/p62

Abbreviations: 8-CPT-cAMP, 8-(4-chlorophenylthio) 50-cyclic adenosine monophosphate; AML, acute myeloid leukemia; ATRA,
all-trans retinoic acid; BCR-ABL, breakpoint cluster region–Abelson; hrG-CSF, human recombinant granulocyte colony stimulating
factor; MAPK, mitogen-activated protein kinase; mTOR, mammalian target of rapamycin; NF-kB, nuclear factor-kB; Nrf-2, NF-E2

related factor E2; NBT; PKC, protein kinase C; PML, promyelocytic leukemia; RAR-a, Retinoic acid receptor alpha; RIP,
receptor-interacting protein; SQSTM1, sequestosome 1; TRAF6, tumor necrosis factor receptor-associated factor 6

p62 regulates key signaling pathways including those that control cell death and autophagy. Recently, we reported
that p62 is upregulated during all-trans retinoic acid (ATRA)-induced terminal differentiation of acute myeloid leukemia
(AML) cells. This response reduces levels of ubiquitinated protein aggregates in mature cells and protects these cells
against ATRA treatment. Thus, p62 confers a survival advantage to mature AML cells.

Sequestosome 1 (SQSTM1, best known
as p62) is an adapter protein that regulates
multiple signaling axes including those
involved in tumorigenesis, such as nuclear
factor-kB (NF-kB), mammalian target of
rapamycin (mTOR), nuclear factor ery-
throid 2-related factor 2 (NRF-2), and
mitogen-activated protein kinase (MAPK)
pathways.1,2 p62 can also serve as a recep-
tor for selective autophagic clearance of
protein aggregates and damaged organ-
elles.3 In the context of myeloid leukemias,
p62 functions in the degradation of the
leukemic fusion proteins breakpoint cluster
region-Abelson (BCR–ABL) and promye-
locytic leukemia-retinoic acid receptor a
(PML–RARA).4 Additionally, overexpres-
sion of p62 is observed in various tumors
and its inhibition limits cell proliferation
and tumorigenesis in some tumor tissues.5

Nevertheless, the function of p62 during
cancer treatment is poorly documented.

All-trans retinoic acid (ATRA), a well-
established differentiating agent, is an
effective anticancer agent that is currently
used in the treatment of acute

promyelocytic leukemia, also known as
M3-type acute myeloid leukemia (AML),
which is characterized by arrested differen-
tiation at the stage of promyelocytes.6 We
have recently investigated the role and reg-
ulation of p62 in the course of ATRA-
induced granulocytic differentiation of
AML cells.7 Our results indicate that
ATRA induces upregulation of p62 pro-
tein and mRNA, with a concomitant
increase in the autophagic flux in AML
cell lines that undergo granulocytic differ-
entiation. These responses are impaired in
maturation-resistant AML cells but can be
re-established once differentiation is
restored by protein kinase A stimulation
using 8-(4-chlorophenylthio), 5’-cyclic
adenosine monophosphate (8-CPT-
cAMP) in combination with ATRA.
These findings reveal the tight link
between p62 expression levels, autophagy,
and the myeloid maturation phenotype.
In support of these data obtained in estab-
lished cell lines, immature blast cells of
AML patients display lower p62 mRNA
levels than healthy mature granulocytes.

The effects of p62 on cell death are com-
plex, as p62 can regulate both positive and
negative players of programmed cell death
pathways.2,5 We found that short hairpin
RNA-mediated inhibition of p62 expression
increased cell death induced by ATRA,
underscoring the critical role of p62 in the
viability of mature AML cells that undergo
granulocytic differentiation. These observa-
tions have important clinical relevance as
they suggest that p62 is involved in ATRA
resistance in refractory or relapsed AML
patients. Notably, this pro-survival role of
p62 may also contribute to development of
the ATRA syndrome, a potentially lethal
complication of ATRA treatment caused by
the accumulation of mature cells in the
blood of patients.8

We showed that p62 mitigates the accu-
mulation of ubiquitinated protein aggre-
gates that occurs during the granulocytic
differentiation process. This suggests that
p62 plays a protective role against proteo-
toxic stress, although this remains to be fully
demonstrated. As an adapter protein, p62
can interact with key signaling components
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involved in the activation of
NF-kB and NRF-2 tran-
scription factors, thereby
leading to cell survival.2,5,9

Additional studies are
required to fully explore the
role of p62 in regulating such
cell survival pathways during
granulocytic differentiation.

Our data indicate that
NF-kB regulates p62 levels
because inhibition of NF-
kB activity impaired the
increase in p62 observed
upon ATRA treatment. It
remains unclear, however,
how NF-kB regulates p62
expression in the context of
granulocytic differentiation
and whether this involves
additional regulatory
mechanisms, such as the
microRNA (miR)-17 fam-
ily that targets p62 mRNA
in myeloid progenitors
cells.10 The impact of other
transcription factors such
as NFR-2 on p62 levels
also warrants further inves-
tigation.2 Moreover,
whether NF-kB–dependent
p62 expression is a specific
response to ATRA treat-
ment or also occurs with
other NF-kB activators
remains to be explored. Of
note, p62 has been shown
to interact with several NF-kB signaling
components including protein kinase C
(PKC), receptor-interacting protein
(RIP), and tumor necrosis factor recep-
tor-associated factor 6 (TRAF6).1,2 How-
ever, whether p62 regulates NF-kB
activity in the context of AML differenti-
ation is still an open question.

Our finding that p62 is upregulated
during human recombinant granulocyte
colony-stimulating factor (hrG-CSF)-
induced differentiation of non-leukemic
primary CD34C progenitors cells sup-
ports the idea that p62 has a physiolog-
ical role during normal granulocytic
development. Whether and how p62
protects mature granulocytes against cel-
lular stresses that occur during normal
differentiation as a result of massive

changes in intracellular content remains
unclear.

Our results have broader implications.
Interestingly, we also showed that p62 upre-
gulation occurs during differentiation of
myeloid leukemia cells into either mono-
cytes or megakaryocytes (7 and data not
shown). Therefore, this phenomenon is not
restricted to granulocytic differentiation
but may represent a general response
that occurs during terminal differentia-
tion of myeloid leukemia cells toward a
specific cell lineage. Further investiga-
tions are required to explore the role of
p62 in leukemia cells that undergo line-
age-specific differentiation programs.

In conclusion, our data clearly dem-
onstrate the pro-survival role of p62
during granulocytic differentiation of

AML cells and implicate p62 in ATRA
resistance of refractory and relapsed
AML patients. Of note, the physiologi-
cal role of p62 in normal myeloid
development must be clarified before
targeting p62 as a therapeutic strategy
for the treatment of leukemia.
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Figure 1. Pro-survival role of p62 during myeloid leukemia cell differentiation. Low levels of sequestosome 1
(SQSTM1, best known as p62) are a characteristic of cells that display an immature myeloid phenotype (i.e., acute
myeloid leukemia [AML] cell lines, primary CD34C progenitors cells, primary blast cells from AML patients) com-
pared with terminally differentiated cells. All-trans retinoic acid (ATRA) induces granulocytic differentiation of AML
cells, which is associated with p62 upregulation, an increase in autophagic flux, and the accumulation of aggregated
proteins in mature AML cells. p62 upregulation is under the control of NF-kB activity; conversely, p62 can activate
the NF-kB activity under certain conditions. p62 mediates survival of mature AML cells and alleviates the accumula-
tion of protein aggregates that occurs during differentiation. This suggests a role of p62 in ATRA resistance
observed in some patients with AML. Dashed lines show other pro-survival pathways that are stimulated in
response to ATRA. Additional factors involved in the regulation and function of p62 remain to be identified (see
text for more detailed information).
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