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Key points:
- A syntenin-deficient host reprograms AML blasts, enhancing total protein synthesis and cell
survival pathways
- Autophagy in the syntenin-deficient microenvironment is responsible for the gain of AML cell

survival

Abstract

In acute myeloid leukemia (AML), the stromal microenvironment plays a prominent role in
promoting tumor cell survival and progression. Although widely explored, the crosstalk
between leukemic and stromal cells remains poorly understood. Syntenin, a multi-domain PDZ
protein, controls both the trafficking and signaling of key molecules involved in intercellular
communication. Therefore, we aimed to clarify the role of environmental syntenin in the
progression of AML. By in vivo approaches in syngeneic mice, we demonstrate that a syntenin-
deficient environment reprograms AML blasts to survive independently of the stroma. Up-
regulation of EEF1A2 in the blasts controls this gain of cell survival. Furthermore, using ex vivo
co-culture systems, we show that syntenin-deficient bone marrow stromal cells (BMSC)
enhance the survival of different types of AML cells, including patient samples, and suffice to
educate syngeneic AML, recapitulating micro-environmental effects observed in vivo. We
establish that syntenin-deficiency causes an increase of eIF5A and autophagy-related factors in
BMSC, and provide evidence that the inhibition of autophagy prevents syntenin-deficient BMSC
to stimulate AML survival. Altogether, these findings indicate that host-syntenin in the BM

microenvironment acts as a repressor of AML aggressiveness.
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Introduction

Acute myeloid leukemia (AML) accounts for over 80% of all acute leukemias in adults with a
five-year overall survival rate below 30% 1. AML is characterized by clonal expansion of
hematopoietic cells at distinctive stages of differentiation and a block in hematopoietic
differentiation. At late stage of the disease, the bone marrow (BM) can no longer ensure the
production of normal blood cells.

Hematopoietic development is regulated by bone marrow stromal cells (BMSC), which
establish and sustain communication pathways needed to maintain hematopoietic
homeostasis. Yet, within a leukemic niche, the BM microenvironment that hosts the leukemia
appears corrupted, promoting the growth and survival of leukemic cells 2-4 BMSC-mediated
protection of leukemic cells relies on leuko-stromal interactions mediated by adhesion
molecules, cytokines, chemokines, growth factors and cognate receptors. In addition, the
release of extracellular vesicles produced by non-haemopoietic BM cells and mitochondrial
transfers have been recognized as important mechanisms of cellular crosstalk between
leukemic cells and surrounding BM microenvironment °. Recent studies also implicate
autophagy in the tumor stroma, supplying metabolites to tumor cells, in leukemia progression
and survival ©. Thus, better understanding of molecular mechanisms supporting non-
haemopoietic BM signaling to leukemic cells can potentially help to refine anti-cancer
therapies.

Syntenin is an evolutionary conserved and ubiquitously expressed PDZ scaffold protein
interacting with various transmembrane receptors directly and/or with the help of syndecan
heparan sulfate proteoglycans 7-. It impacts on their vesicular trafficking 19, affecting multiple
processes, including immune cell regulation, neuronal differentiation and anti-viral activity 11.
Noteworthy, syntenin controls the formation of endosomal intraluminal vesicles and the
secretion of exosomes 1213, as well as regulates the uptake of exosomes 14. Regulating exosome

formation and release, syntenin potentially also provides pathways for unconventional protein
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secretion, including that of several cytokines and co-stimulatory molecules 15. Syntenin might
thus have an important role in leukemia progression by regulating intercellular
communications within the leukemic niche.
Gain of syntenin expression in tumor cells has been unambiguously associated with the
invasion and the metastatic potential of various solid cancers including melanoma,
glioblastoma, prostate and head/neck squamous cancers 16 17.1819 and identified as regulator of
protective autophagy 20. Syntenin has therefore been proposed as a potentially valuable target
for cancer therapy 21. In comparison, the impact on tumor development resulting from syntenin
suppression in the tumor microenvironment remains under-explored. Syntenin-deficiency of
the host was shown to reduce melanoma metastasis, by dampening tumor-supporting
inflammation 22.
Considering the pathophysiological importance of the microenvironment in AML, we
investigated the impact of loss of syntenin expression in vivo and ex vivo, in various
experimental models of AML. Our observations contrast with the data reported in melanoma,
showing that bone marrow microenvironmental syntenin acts as negative regulator of AML
progression, raising concerns and potentially cautions regarding systemic syntenin-targeting

in AML therapy.

Methods

Antibodies and reagents are listed in Table S1.

Cell lines and patient samples. Human AML cell lines U937 and HL60 were purchased from
the American Type culture collection (ATCC; Manassas, USA) and maintained in minimum
essential medium-a medium (Gibco, Carlsbad, USA) . Murine AML cell line C1498 was obtained
from ATCC and cultured in Dulbecco’s modified eagle’s medium (Gibco, Carlsbad, USA). All cell
lines were grown in media supplemented with 10% FBS (Eurobio, Les Ulis, France) and

incubated at 37 °C, with 5% COZ2. The cultured cells were split every 2-3 days, maintaining an
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exponential growth. Syngeneic FLB1 model is described elsewhere 23. Patient samples were
obtained from the IPC/CRCM Tumor Bank / Biological Resource Center for Oncology that
operates under authorization # AC-2018-1905 granted by the French Ministry of Research.
Prior to scientific use of samples and data, patients were appropriately informed and asked for
consent in writing, in compliance with French and European regulations. This study was

performed after approval by our institutional review board.

Mice. C57BL/6] mice were purchased from Janvier Laboratories, France. Both male and female
mice were used between 6 and 11 weeks of age and were housed under specific pathogen-free
conditions. Syntenin-knockout animals were generated as previously described 14 and the

hygromycin-resistance gene was removed using Flipper mice 24,

Animals studies. All experiments were performed in compliance with the laws and protocols
approved by animal ethics committees (Agreement No. APAFIS#5123-2016041809182209v2).
For in vivo expansion, FLB1 cells were injected into the retro-orbital vein. Leukemia
progression was monitored weekly by FACS analysis using CD45.1-FITC and CD45.2-V450
antibodies. Recipient mice were sacrificed when blast levels reached >10% in the PB (survival
threshold) and leukemic cells were collected from femurs and tibias. For serial transplantation
assays, blasts collected from the BM (>90% blast invasion) of 3 different animals were pooled

and used (5x10% cells/mouse) for re-injection in the following transplantation round.

Co-culture experiments. Passage 4 to 10 BMSC WT/KO were detached, counted and
irradiated at 30Gy. A total of 10,000 irradiated BMSC were seeded in 12-well plates pre-coated
with type-I collagen (5ug/cm?; Gibco) and were cultured in complete medium for 24h. Then,
50,000 AML cells were added to each well and maintained in short-term co-culture. HL60 and
FLB1 cell lines were also maintained in long-term co-culture for 1 month, with a media change

every 3-4 days.
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AML cell viability. The possible role of exosomes was investigated by using conditioned media,
isolated after 24h from both WT and KO irradiated BMSC (30Gy) and depleted or not depleted
of exosomes (by ultracentrifugation; 100,00g at 4°C for 1h). After 48 to 96h of co-
culture/treatment, AML blasts were collected, and early/late apoptosis was measured by using
the PE Annexin V apoptosis detection kit with 7-AAD (Biolegend, San Diego, USA) according to
the manufacturer. Annexin V positive but 7-AAD negative (early apoptotic cells) and both
Annexin V and 7-AAD positive cells (late-stage apoptosis) were determined by using FACS
LSRII flow cytometer and data were analyzed with Flowjo software (BD Biosciences, Franklin

Lakes, USA).

Mass Spectrometry Analysis. FLB1 cells, isolated after 4 rounds of serial transplantation from
five WT and KO mice for each condition, were sorted by flow cytometry (BDFACs ARIA III) using
CD45.1 and CD45.2 antibodies. Two million of CD45.1+ cells were lysed in RIPA buffer and

analyzed by mass spectrometry as described in supplementary methods.

Statistical analysis. Differences between groups were determined by 1-way or 2-way analysis
of variance (ANOVA), followed by a Bonferroni posttest using GraphPad Prism v8.0c software.
Single comparisons were carried out using the parametric Student t-test or the nonparametric

Mann-Whitney U test. P <.05 was considered statistically significant.

Results

Host-syntenin deficiency supports AML aggressiveness

To address the role of host-syntenin in AML development, we used the FBL1 murine AML
model, created through retroviral overexpression of AML oncogenes (i.e. Meis1 and Hoxa9) in
C57BL/6 fetal liver cells. This model has a frequency of leukemic stem cells that is comparable
to that of the human disease and remains stable over successive transplantations 23 (Figure 1A
& 1B). In non-irradiated WT recipient mice, FLB1 cells engraft successfully and produce

widespread AML within three weeks. At graft 1, loss of host-syntenin had no noticeable effect
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on FLB1 progression (Figure S1A). In parallel short-term homing assays, lack of host-syntenin

had also no significant effect on the recruitment of the leukemic cells to the primary and

secondary hematopoietic organs (Figure S1B). Yet in serial transplantation experiments, from

graft 3 on, the AML becomes more aggressive in a syntenin-negative environment (Figure 1B).

Serial back-transplantation experiments (Figure 1A) did not revert leukemic progression,

supporting the notion that the blasts acquired a cell-autonomous aggressiveness (Figure 1C).

The syntenin-deficient host reprograms AML blasts, enhancing total protein synthesis
and cell survival pathways

To elucidate the mechanisms underlying the gain of aggressiveness, we first assessed “basic”
pathways involved in leukemia progression. As shown in Figure S2, we excluded altered
homing, cell proliferation or change in leukemic initiating cell frequencies. We then compared
the proteomes of sorted FLB1 cells, isolated from WT and KO mice after 4 rounds of serial
transplantation (designated as FLB1-P4WT and FLB1-P4KO0). Quantitative protein expression
analysis by mass spectrometry allowed the reproducible identification of 1,961 proteins
differentially expressed between recovered FLB1 cells (Table S2). Figure 2A shows a volcano
plot of the entire data set, highlighting proteins whose expressions were significantly different
within FLB1-P4WT and -P4KO cells. The selected thresholds revealed 62 up-regulated (blue
dots) and 69 down-regulated (orange dots) proteins in FLB1 isolated from KO animals.
Ingenuity pathway analysis of these protein changes (Table S3) predicted the activation of
functions implicated in “protein synthesis” and the inhibition of functions related to “cell death”
in FLB1-P4KO cells (Figure 2B).

To validate these predictions, we first tested whether total protein synthesis was altered in
FLB1 cells after 4 successive passages into syntenin-KO mice, using O-propargyl-puromycin
labelling methods 2>(Figure 2C). Of note, total protein synthesis in the nonmalignant CD45.1-
host cells was similar in WT and KO mice (Figure 2C & S3A). In contrast, we noticed a

significant increase in total protein synthesis in FLB1 maintained in syntenin-KO mice (Figure


https://doi.org/10.1101/2021.01.06.425538

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.06.425538; this version posted January 7, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

2C & S3A). Secondly, to test for survival, CD45.1* FLB1 cells were isolated from FLB1-P4WT
and -P4KO BM aspirates by FACS and seeded in complete RPMI medium. While FLB1-P4WT
show high apoptosis levels and fail to survive ex vivo, FLB1-P4KO cells display markedly
reduced apoptosis following 48h in vitro culture (Figure 2D) with a survival rate that remained
stable over time (Figure 2E), indicating the acquisition of cell autonomy and independence
regarding the environment.

Altogether, our data reveal (i) a reprogramming of FLB1 cells upon serial transplantation into
a syntenin-negative environment and (ii) a gain of aggressiveness seemingly related to

enhanced protein synthesis associated with a cell survival advantage.

EEF1A2 plays a pivotal role in the survival of AML cells educated in a syntenin deficient
host

Because EEF1A2 was ranked as top upregulated factor in FLB1-P4KO cells (Figure 2A) and
since it has anti-apoptotic functions through the activation of Akt/mTORC1/RPS6 signaling 26-
28 we examined the status of this pathway. Western blot analysis validated the mass
spectrometry data, revealing a significant 6-fold increase of the EEF1A2 cellular levels (Figure
3A). FLB1-P4KO cells showed an increase of the panAKT and RPS6 cellular levels, respectively
associated with an increased phosphorylation of pS473-AKT, pT450-AKT and pS235/236-RPS6
(Figure 3B). As AKT is a substrate of mTORC2 complex, we also investigated whether RICTOR
contributes to AKT/RPS6 phosphorylation, but neither the cellular level nor pT1135
phosphorylation of RICTOR were affected (Figure 3B). We further investigated the relevance
of EEF1A2 by treating FLB1-P4KO cells with increasing concentrations of metarrestin.
Metarrestin is a perinucleolar compartment inhibitor, disrupting the nucleolar structure and
inhibiting RNA polymerase I transcription and ribosome synthesis by interacting with the
translation elongation factor EEF1A2 29, A treatment for 12h, at concentrations increasing from

1.25 to 10uM, markedly reduced the cellular level of RPS6 in FLB1-P4KO, also decreasing
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pS473-AKT, pT450-AKT and pS235/236-RPS6 phosphorylation (Figure 4A). Metarrestin
administration was also associated with a dose-dependent decrease of aggressive FLB1
survival ex vivo, at 24h and 72h of culture (Figure 4B and 4C). While admittedly already
difficult to maintain ex vivo, FLB1-P4WT cells, in contrast, were not significantly affected by a
24h treatment with 10uM of metarrestin (Figure 4C).

Altogether, our data suggest that gain of EEF1A2 plays a pivotal role in driving the gain of

aggressiveness of FLB1 educated in syntenin-null mice.

BMSC isolated from syntenin-KO mice convey AML gain of aggressiveness

Because BMSC were previously reported to support AML aggressiveness by diverse
mechanisms 23031 we aimed to clarify whether syntenin-KO BMSC might suffice to support
AML reprogramming. Validated primary BMSC isolated from both WT and KO animals (i.e. with
mesenchymal pattern and differentiation ability; Figure S4), were co-injected with FLB1 cells
in WT animals (Figure 5A). Co-injection of WT BMSC did not affect FLB1 progression, but
peripheral blood levels and bone marrow invasion were significantly higher when FLB1 cells
were injected together with KO BMSC (Figure 5A).

To further clarify whether BMSC might suffice to induce AML aggressiveness, we tested
whether KO BMSCs would be competent to reprogram AML in vitro. In short-term co-cultures
syntenin-deficient BMSC protected FLB1 cells from apoptosis over time (Figure 5B). In long-
term co-culture experiments, i.e. after one-month, remaining CD45.1* blasts were collected and
injected (8,500 blasts per condition) in WT animals. Whereas flow cytometry analysis revealed
an important invasion of the bone marrow and spleen by FLB1 co-cultured with KO BMSC,
CD45.1+ cells were barely detectable in animals injected with FLB1 maintained on a wild-type
stroma (Figure 5C).

Taken together, these results demonstrate that exposure to the stroma alone is able to

recapitulate effects on AML cells observed in vivo in syntenin-null mice.
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BMSC with syntenin-KO increase the survival of various leukemia cell lines and AML
blasts from patients
To evaluate whether the effects of syntenin-null BMSC are specific for the Hoxa9-Meis1 AML
model or might be more generic, we also co-cultured established murine and human AML cell
lines with WT or KO BMSC. Except for the C1498 murine cell line (with high spontaneous
survival), loss of syntenin in BMSC significantly enhanced AML survival at 72h (Figure 6A).
Similarly, primary human leukemic blasts, isolated from the peripheral blood or the bone
marrow of 12 different AML patients and tested for apoptosis after 72h of co-culture with WT
or KO BMSC, showed a significantly increased survival on a syntenin-deficient stroma (Figure
6B & Table S4). Gain of survival was primary sample-dependent, but subtype or mutation-
independent (Table S4).

We also tested for the effects of long-term co-culture, using HL60 and U937 human AML cell
lines (Figure 6C). In agreement with the data obtained for FLB1 in syntenin-deficient animals,
EEF1A2 expression was significantly higher in HL60 and U937 cells co-cultured with KO BMSC
(Figure 6C & S5A). This was associated with higher panAKT levels and an elevated
phosphorylation of both pS473AKT and pS235/236-S6, further mimicking in vivo results
obtained with FLB1 (Figure 6D & S5B).

In summary, syntenin-deficient BMSC support the survival and the education of several models
and types of AML and suffice for that effect, suggesting a major role of the syntenin-null stroma

in AML reprogramming.

Sustained AML survival relies on BMSC autophagy

Next, we investigated whether recapitulation of the gain of AML aggressiveness (i.e. gain of cell
survival) observed in vitro in the presence of KO BMSC requires close cell contacts. Strikingly,
the use of transwells in the co-cultures strongly attenuated the increase of AML survival noted
in the presence of KO BMSC (Figure S6A). Yet, we still noticed a slight increase of AML survival

with conditioned media (CM) isolated from KO BMSC, and that effect was more marked
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compared to the effect of CM from WT BMSC (Figure S6B). Syntenin is implicated in exosome
formation, and syntenin-deficient BMSC produce exosomes that are less loaded with typical
exosomal cargo such as CD63 (Figure S6C). The effect on cell survival persisted when CM were
depleted of exosomes by ultracentrifugation (Figure S6B). Altogether, these results suggest the
importance of direct cell-to-cell contact for AML survival or, alternatively, “secretory”
exchanges, possibly non receptor-mediated exchanges, requiring high concentrations of solute
or particles and close contact with the blasts.

Several studies provided evidence that autophagy in stromal cells promotes cancer cell
growth/survival 32, Of note, BMSC characterization revealed a significantly higher endoglin
expression in syntenin-null BMSC (Figure S4B & 4C). This TGFB co-receptor is known to
mediate autophagy by regulating Beclin-1 expression 33. Moreover, in glioma cells syntenin-
knockdown increases the expression of autophagic markers 20. We therefore examined the
possible contribution of stromal autophagy to AML cell survival. Under basal conditions,
expression levels of the autophagy related proteins ATG3, elF5A, LC3B-I and LC3B-II were
significantly increased in KO BMSC cells (Figure 7A & 7B). These levels were equal to or even
exceeding the expressions of these markers in BMSC co-cultured with AML cells for 48h, co-
culture leading to marked and, at least for eI[F5A and ATG3, significant increases of the cellular
levels of these markers, at least in WT BMSC (Figure 7A & 7C). Consistent with these results,
immunofluorescence analysis revealed large numbers of LC3-positive perinuclear vesicles in
KO BMSC (and an increase of these numbers compared to WT BMSC), co-cultured with HL60
cells (Figure 7D) or with different other models of AML (Figure S7A). Finally, to investigate
the implication of BMSC autophagy in the gain of AML survival, we treated BMSC with
Chloroquine (CQ) or Bafilomycin A1 (BFA1) before co-culture with AML cells. BFA1 and CQ pre-
treatments significantly inhibited HL60 survival on BMSC KO, by 59 and 22% respectively. Of
note, on WT BMSC only BFA1 treatment affected HL60 survival, by 27% (Figure 7E). Similar

results were obtained with the U937 model (Figure S7C). In summary, these data indicate that
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AML cells better survive in contact with syntenin-deficient stromal cells by exploiting

autophagy pathways initiated and constitutively activated in the syntenin-deficient

microenvironment.

Discussion

Tumor-stroma interactions play a prominent role in the evolution of cancers. In contrast with
the role of host-syntenin in melanoma progression 22, we here provide evidence that leukemic
blasts confronted with a syntenin-negative environment acquire a cell-autonomous advantage
and aggressiveness.

Specifically, our proteomic analysis indicates a marked upregulation of EEF1A2, a factor shown
to have pro-oncogenic activities in various cancers. EEF1A2 was originally described as a
translation factor implicated in the delivery of aminoacyl-tRNAs to the A site of the ribosome
34, EEF1A2 has pro-oncogenic activity by enhancing cancer cell proliferation and invasion,
inhibiting apoptosis and regulating oxidative stress 34. Preclinical data have described anti-
eEF1A (narciclasine, mycalamide B) disrupting translation and protein synthesis as viable
strategies to combat cancers 3536, Several clinical studies associated elevated EEF1A2 levels
with poor prognosis 3738, As to hematological malignancies, it was reported that EEF1A2
expression is increased in multiple myeloma cell lines 28 and that targeting EEF1A2 has anti-
proliferative effect in K562 cells, an erythro/myeloid leukemia cell line 3°. Xiao and colleagues
have recently demonstrated that EEF1A2 is over-expressed in multiple AML cell lines,
promoting cell proliferation and migration, but mainly decreasing apoptosis 40. Here too, the
upregulation of EEF1A2 appears notably linked to the reduction of apoptosis characterizing
aggressive FLB1. Pharmacological inhibition of EEF1A2 with metarrestin (ML-246) indeed
suggests that EEF1A2 drives the acquisition of a cell-autonomous survival, through the

activation of Akt/RPS6 signaling pathway. While metarrestin is currently in phase I clinical trial
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for subjects with metastatic solid tumors, our data support the notion that such treatment could
be extended to patients with AML.
Since previous studies highlighted the importance of post-transcriptional dysregulation in AML
progression 41, both transcriptional and epigenetic regulations/modifications of EEF1A2 (and
also other up/down regulated factors) might be at work here. Indeed, it was recently reported

that dimethylation of EEF1A at lysine 55 plays a key role in the EEF1A2-mediated oncogenesis

of AML 40. EEF1A2 appears to be also regulated by several onco-suppressor miRNAs 42

Dysregulation of miRNAs have been found in multiple hematological malignancies 43.
Conceivably, miRNA and miRNA exchanges may induce stable phenotypic changes in cells.

Several studies have indicated BMSC can provide survival and anti-apoptotic signals to AML
cells and as a result support leukemogenesis 4445, Consistent with such evidence, we here
demonstrate that syntenin-deficient BMSC are able and suffice to educate different types of
AML, enhancing cell survival and recapitulating at least some of the micro-environmental
effects on AML observed in vivo. A deeper understanding of the mechanisms by which the BMSC
are protecting/reprogramming AML blasts may contribute to the development of novel
therapeutic approaches. Exosomes are potentially of specific interest in this respect, as vehicles
of important mediators (proteins, lipids and nucleic acids, including miRNAs) of intercellular
communication. In contrast with the variety of studies on BMSC remodeling by leukemia-
derived exosomes 46, reports on the relationship between BMSC-derived exosomes and
leukemogenesis remain relatively rare. Yet, exosomes derived from cells in the tumor
environment contribute to the behavior and evolution of tumor cells 47. Loss of syntenin has
well established negative effects on exosome biogenesis. Our findings highlight the importance
of close contact between BMSC and blasts for the gain in AML survival. Thus, direct cell-to-cell
contact, or secreted factors needed at high concentration (i.e. close to the source of production)
seem to be involved in the gain of AML survival. Ultra-centrifugation, depleting the conditioned

media of particles, however, seems to rather exclude a role for BMSC-derived exosomes in the
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gain of AML survival supported by these media. Altogether, these results suggested that
syntenin-knockout alters still another cellular process implicated in intercellular
communication.

Autophagy is an important homeostatic mechanism responsible for the elimination of damaged
and abounding macromolecules such as proteins, lipids or damaged organelles. It also enables
the recycling of nutrients, amino acids, and lipids and sustains organelle functions. Of note, so
potentially also does the degradation of endosomal intraluminal vesicles and the secretion,
(re)uptake and lysosomal degradation of exosomes and exosome-cargo, exchanges that at least
in part are lost when syntenin is missing. Recent reports also identified a role for autophagy in
unconventional protein secretion. Autophagy is increasingly recognized as an important
pathway in cancer initiation, maintenance and resistance to therapy 32. High levels of basal
autophagy correlate with a unique secretory profile when compared to cancer cells with lower
levels of autophagy 48. Several recent reports also highlighted how autophagy induced in
stromal cells that make up the tumor microenvironment promotes tumor cell survival, growth
and invasion 4950, Enhanced basal autophagy in cancer-associated fibroblasts (CAFs) facilitates
the secretion of cytokines (IL6, IL8) and promotes head and neck cancer progression >1.
Secretory autophagy also controls the secretion of metabolites, such as alanine, by
microenvironment cells of pancreatic cancer, supporting PDAC growth under nutrient-limiting
conditions >2. Mitophagy, the degradation of damaged mitochondria, has been recently
associated with tumor stroma crosstalk. AML cells are prone to accept mitochondria from
BMSC, increasing oxidative phosphorylation and resistance to chemotherapy °3. Yet our
proteomic data are not supportive of such process in the present context. Fisher’s group has
identified syntenin as regulator of protective autophagy in glioblastoma cells, by triggering
FAK/PKC/BCL2 and EGFR signaling (suppressing high levels of autophagy elicited by cell
detachment from the extracellular matrix and promoting resistance to anoikis) 20. Our findings

identify a ‘constitutive’ dysregulation of autophagy in syntenin-deficient BMSC. In basal
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condition or in presence of AML cells, KO-BMSC show an important increase of the autophagy
related proteins elF5A and ATG3. This is associated with elevated levels of LC3B lipidation in
basal condition, and an increase of LC3B-positives vesicles. These proteins are known to
regulate autophagy by controlling autophagosome formation. elF5A indeed mediates the
translation of ATG3 protein that is required for lipidation of LC3B protein 54. Intriguingly, eIF5A
was shown to regulate p53 activity in collaboration with syntenin: when elF5A interacts with
syntenin, the el[F5A-induced increase in p53 protein level is significantly inhibited 5. Like Sox4,
elF5A interacts with the N-terminal domain of syntenin. Syntenin-binding protects Sox4 from
proteasomal degradation, affecting Sox4 transcriptional output 56. Yet, as demonstrated by the
sequestration of GSK regulating beta-catenin, also the biology of the multivesicular body (i.e.
intraluminal vesicle formation) is involved in the stabilization of cytosolic proteins, regulating
transcriptional output 57. It remains to be explored whether syntenin might affect eIF5A
accumulation in cells by similar mechanisms, but the data strongly support the notion that
syntenin acts as a repressor of elF5A activities, thus leading to autophagy dysregulation in
syntenin-knockout BMSC. Finally, pharmacological inhibitors demonstrate that autophagy
induced by syntenin depletion in the stroma participates to AML cell survival. It remains to be
established, however, whether autophagy induced by syntenin deficiency enhances the release
of soluble factors/cytokines, metabolites or both.
In summary, we show that a syntenin-deficient microenvironment supports leukemic cell
expansion, reprogramming blasts and ultimately leading to the activation of cell autonomous
survival mechanisms in these cells. A dysregulation of autophagy in the syntenin-deficient
microenvironment is at least in part responsible for the gain of AML cell survival. Syntenin is
potentially an interesting target for tumor therapy °85°. Unless the importance of cell
autonomous effects of syntenin loss/inhibition prevails for tumor development, current
observations, however, question the suitability or safety of syntenin as a systemic target in

cancer therapy and AML in particular.
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Figure legends

Figure 1. FLB1 blasts acquire cell-autonomous aggressiveness upon serial
transplantation in a syntenin-deficient host. (A) WT and KO mice were injected with FLB1
and sacrificed when blast levels reached >10% in the PB (survival threshold). Blasts collected
from the BM (>90% blast invasion, see Figure S1C & 1D) of 3 different animals were pooled
and used for re-injection in the following transplantation or back-transplantation round. (B)

Blood samples were collected from mice on day 14 post injection for FACS analysis. Data from
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4 sequential grafts/passages (P1-P4) are shown here. Results are expressed as the percentage
of CD45.1+* cells in the PB, + SEM. Statistical analysis was performed using the nonparametric
Mann-Whitney U test (***, P < 0.0001). (C) FLB1 having undergone 4 serial transplantations in
KO animals were then re-transplanted in WT animals. Blood samples were collected from mice
on day 14 post injection for FACS analysis. Data from 3 sequential back-transplantation are
shown here (Back 1 to Back 3). Results are expressed as percentage of CD45.1* cells in the PB
+ SEM. Statistical analysis was performed using the nonparametric Mann-Whitney U test (**,

P<0.001*** P < 0.0001).

Figure 2. Education by a syntenin-deficient host sustains total protein synthesis and cell
survival in blast cells. (A) Volcano plots showing differential protein expressions, with log10
levels (x-axis) and -log(p-value) (y-axis), in sorted FLB1-P4WT and FLB1-P4KO blasts (see
Table S2). (B) Dot plot representing the corresponding activation of different categories of
biological function, based on ‘Diseases & Functions’ annotation, with the activation z-score (x-
axis) and the -log10(p-value) (y-axis). (C) FLB1-P4WT cells were injected at day 0 into WT mice,
while the inoculation of FLB1-P4KO cells into KO mice was delayed for one week. At similar
stages of disease progression in the different hosts, when reaching similar tumor loads in the
different animals, O-propargyl-puromycin (OP-Puro; 50 mg/kg body mass) was injected
intraperitoneally. One hour later BM was collected for total protein synthesis analysis. OPP
incorporated into nascent polypeptide chains was then fluorescently labeled via “Click-it
Chemistry” (Left panel). Graph representing the relative levels of protein synthesis in CD45.1-
and CD45.1* cells, normalized to unfractionated BM cells + SEM. Statistical analysis was
performed using the nonparametric Mann-Whitney U test (*, P<0.05) (Right panel). (D) CD45.1+*
blasts harvested from WT/KO animals at graft 4 were seeded in complete RPMI media for
apoptosis assays. Results are represented as mean value of living (annexinV-, 7AAD-) CD45.1+*
cells + SEM performed in 3 independent experiments. Statistical analysis was performed using

the nonparametric Mann-Whitney U test (**, P<0.001). (E) FLB1 blasts isolated from KO
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animals at graft 4 (FLB1-P4KO) were seeded in complete RPMI media and tested for apoptosis

over the time. Results are represented as mean value of living (annexinV-, 7AAD-) CD45.1* cells

+ SEM, calculated from 3 independent experiments.

Figure 3. The EEF1A2 pathway is up-regulated in syntenin-KO-educated blasts. (A) & (B)
Total cell lysates of PAWT and P4KO FLB1 were analyzed by western blot for different markers,
as indicated. Histograms represent mean signal intensities + SEM in cell lysates, relative to
signals obtained from sorted FLB1-P4WT cells, calculated from the analysis of 5 independent
mice of each category. Statistical analysis was performed using the one-way analysis of variance

(ANOVA) (*P < 0.05; **P < 0.01; ***P < 0.001).

Figure 4. The EEF1A2 pathway supports the survival of syntenin-KO-educated blasts. (A)
Aggressive FLB1-P4KO cells were treated with DMSO (control) or metarrestin (1.25 to 10uM)
for 16h, in medium containing exosome-depleted FCS (10%). Total cell lysates were analyzed
by western blot for different markers, as indicated. Histograms represent mean signal
intensities + SEM in cell lysates, relative to signals obtained from cells treated with DMSO
(control), calculated from the analysis of 3 independent experiments. (B) Effect of metarrestin
treatment on FLB1-P4KO cell apoptosis. Cell survival in the presence of increasing
concentrations of metarrestin was evaluated at 24h and 72h. Data represent the mean
percentage of living CD45.1+ cells + SEM of 3 independent experiments performed in triplicate.
(C) FLB1-P4WT and FLB1-P4KO were treated with DMSO (control) or 10uM of metarrestin for
24h. Data represent the percentage of viable (annexinV-, 7AAD-) cells normalized to control
SEM, calculated from 3 independent experiments performed in triplicate. Statistical analysis

was performed using the one-way analysis of variance (ANOVA) (***P < 0.001).

Figure 5. Syntenin-deficient BMSC enhance AML aggressiveness in vivo. (A) Non-irradiated
8-11w old WT mice were injected with 50,000 FLB1 cells + 10,000 BMSC WT/KO in the retro-

orbital vein. Leukemia progression was assessed weekly, by FACS analysis of a peripheral blood
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(PB) sample (Upper panel). Summary of the CD45.1+ cell frequencies measured in the PB, the
BM and the spleen of the different mice in the different groups, 21 days after cell inoculation.
Results are expressed as percentage of CD45.1* cells, and calculated means + SEM. Statistical
analysis was performed using one-way analysis of variance (ANOVA) (*, P < 0.05; **, P < 0.01)
(Lower panel). (B) FLB1 cells were cultured, alone or together with BMSC WT/KO, in medium
containing exosome-depleted FCS (10%). Blasts were collected at the times indicated and
stained for apoptosis markers. Results are expressed as mean percentages of living (AnnexinV-
, 7AAD-) CD45.1* cells, + SEM, calculated from 3 independent experiments. Statistical analysis
was performed using 1way ANOVA test (***, P < 0.001). (C) FLB1 cells were co-cultured with
BMSC WT/KO in medium containing exosome-depleted FCS (10%). After one month, surviving
FLB1 cells, ‘educated’ by BMSC WT/KO, were collected, counted and injected in the retro-
orbital vein of WT mice (Left panel). Leukemia progression was assessed weekly, by FACS
analysis. Summary of the CD45.1+ cell frequencies measured in PB, BM and the spleen of the
different mice in the different groups, 14 days after cell inoculation. Results are expressed as
percentage of CD45.1* cells, and calculated means + SEM. Statistical analysis was performed

using 1way ANOVA test (*, P < 0.05; **, P < 0.005) (Right panel).

Figure 6. Syntenin loss in BMSC enhances the survival of patient samples and several
cellular models of AML and ultimately reprograms AML blasts. (A) Human and murine
AML cell lines were cultured in the presence of BMSC WT/KO in medium containing exosome-
depleted FCS (10%). After 72h of co-culture, the AML cells were collected and stained for
apoptosis markers. Results are expressed as mean percentages of living (AnnexinV-, 7AAD-)
cells + SEM, calculated from 3 independent experiments. Statistical analysis was performed
using the two-way analysis of variance (ANOVA) (*, P < 0.05; ***, P < 0.01). (B) Twelve samples
of different subtypes of primary AML were cultured in presence of BMSC WT/KO in medium
containing exosome-depleted FCS (10%). After 72h of co-culture, the blasts were collected and

stained for apoptosis markers. Results are expressed as mean percentages of living (AnnexinV-
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, 7AAD-) AML blast cells, calculated from six measurements for each condition. Statistical
analysis was performed using paired T test (***, P < 0.0005). (C) HL60 and U937 cells were co-
cultured with BMSC WT/KO in medium containing exosome-depleted FCS (10%) for one
month. Surviving AML cells maintained on WT or KO BMSC were collected for FACS analysis.
Histogram represents EEF1A2 protein levels normalized to levels in AML cells maintained on
BMSC WT + SEM calculated from the analysis of 3 independent experiments. Statistical analysis
was performed using the two-way analysis of variance (ANOVA) (**P < 0.005; ***P < 0.0005)
(D) Flow cytometry analysis of AKT, pS473-AKT, pT450-AKT, RPS6 and pS235/236-RPS6 levels
in HL60 cells, exposed for 1 month to WT versus KO BMSCs. Histogram represents protein
levels normalized to levels in HL60 cells maintained on BMSC WT+ SEM calculated from the
analysis of 3 independent experiments. Statistical analysis was performed using the two-way

analysis of variance (ANOVA) (*P < 0.05; **P < 0.005; ***P < 0.0005).

Figure 7. Increased autophagy in syntenin-deficient BMSC supports AML cell survival. (A)
Total cell lysates from BMSC WT/KO in basal conditions (NT) or co-cultured with HL60 cells
for 48 hours, analyzed by western blot for different autophagic markers, as indicated. (B)
Histograms represent mean signal intensities of the indicated autophagic markers + SEM in cell
lysates, relative to signals obtained at basal condition in BMSC WT, calculated from the analysis
of 9 independent experiments. Statistical analysis was performed using the two-way analysis
of variance (ANOVA) (*P < 0.05). (C) Histograms represent mean signal intensities of the
indicated autophagic markers + SEM in cell lysates, relative to signals obtained in BMSC WT co-
cultured with HL60 at 48h, calculated from the analysis of 9 independent experiments.
Statistical analysis was performed using the two-way analysis of variance (ANOVA) (*P < 0.05).
(D) Representative immunofluorescent imaging of LC3B (green) and DAPI nuclear stain (blue),
comparing WT and KO BMSCs, co-cultured with HL60 cells. (E) BMSC WT /KO were pre-treated

for 6h with vehicle (Ctrl), Bafilomycin A1 (BFA1; 100nM) or Chloroquine (CQ; 100uM). Pre-
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treated BMSC were washed extensively to remove excess of CQ or BFA1, HL60 cells were added

and then both cell types were co-cultured in medium containing exosome-depleted FCS (10%).

After 48h of co-culture, AML cells were collected and stained for apoptosis markers. Histograms

represent mean of cell survival + SEM relative to signal obtained with vehicle for each condition

(BMSC WT or KO) and calculated from the analysis of 4 independent experiments. Statistical

analysis was performed using the two-way analysis of variance (ANOVA) (***P < 0.0005).
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