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o KIT D816V mutation increases the mitochondrial number and SOX production.

o KIT D816V shows infra expression of the BNIP3 mitophagy marker.

o Patients with AML and KIT D816V mutation express lower levels of BNIP3.
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ABSTRACT

The KIT receptor is a transmembrane protein found on the surface of many different
cell types. Mutant forms of KIT are drivers of myeloid neoplasms, including systemic
mastocytosis. The KIT D816V mutation is the most common, leading to constitutive
activation of the receptor and its downstream targets, and it is highly resistant to c-
KIT inhibitors. Metabolic rewiring is a common trait in cancer. We analyzed the
metabolic profile induced by the KIT D816 mutation, measuring mitochondrial
parameters in two myeloid cell lines. We found that the KIT D816V mutation causes

3



Journal Pre-proof

a significant increase in mitochondrial abundance and activity associated with
superoxide production, which could promote DNA instability. Functional and
morphological changes in mitochondria were associated with reduced levels of
BNIP3 protein expression. We also detected low BNIP3 levels in clinical acute
myeloid leukemia samples harboring D816V mutations. In addition, we have found a
constitutive mTOR activation in mutated cells, a pathway that has been shown to
regulate autophagy.

Our data suggest that KIT D816V increases mitochondrial activity through BNIP3
down expression, which increases mitochondrial number through the autophagy
pathway. Alterations in the cellular metabolism induced by the KIT D816V mutation

could be therapeutically exploited.

Keywords: Myeloid neoplasm, C-KIT D816V, autophagy.

Highlights
e Cell lines with the KIT D816V mutation exhibit elevated oxidative phosphorylation.
e KIT D816V mutation increases the mitochondrial number and SOX production.
o KIT D816V shows infra expression of the BNIP3 mitophagy marker.

o Patients with AML and KIT D816V mutation express lower levels of BNIP3.

INTRODUCTION

The c-kit receptor (proto-oncogene receptor tyrosine kinase), CD117, is a transmembrane
protein with tyrosine kinase activity encoded by the oncogene KIT. KIT is a member of the
type Il receptor tyrosine kinase family. Binding the KIT-specific ligand, stem cell factor
(SCF), to the KIT receptor induces its dimerization, intermolecular auto-phosphorylation of
specific tyrosine residues, and protein tyrosine kinase activation. Consequently, through KIT

receptor activation, SCF triggers specific intracellular signaling pathways that promote
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proliferation, migration, survival, and differentiation of hematopoietic progenitors,

melanocytes, and germ cells [1].

KIT mutations have been found in mastocytosis [2], acute myeloid leukemia (AML) [3],
gastrointestinal stromal tumors (GISTs) [4], melanoma [5], and germ cell tumors [6]. D816V
is the most common KIT allele. It is localized in the activation loop of the kinase domain and
causes constitutive ligand-independent activation in the absence of SCF, conferring growth
capacities to hematopoietic cells. The KIT D816V mutation produces a constitutive
phosphorylation of the receptor and of its downstream effectors, AKT, ERK, and STATS [7,
8].

Pharmacologic c-Kit inhibitors have been developed, but they only effectively block wild-type
and juxtamembrane mutations. Substitution of aspartate (D) to valine (V) at position 816,
located in the active loop of the intracellular enzymatic pocket, is highly resistant to c-Kit
inhibitors [9].

Altered metabolism is a hallmark of cancer [10], and many studies have suggested that
oncogenes induce metabolic alterations [11], as the Warburg effect describing a switch to
glycolysis from oxidative phosphorylation (OXPHQOS) has been associated with many
cancers. However, mitochondrial functional studies have also shown that this metabolic

pattern is not present in every cancer and that some tumors rely on OXPHOS for growth.

Through the formation of the autophagosomes, double-membrane vesicles, cells may
capture their own organelles or cytoplasm, which are subsequently degraded in lysosomes
through autophagy. The resulting breakdown products can support metabolism. The pro-
apoptotic BH3-only protein BNIP3 is a potent inducer of mitochondrial autophagy. To target
the mitochondria for autophagosome clearance, BNIP3 is tethered to the outer membrane of
the mitochondria. The mechanistic link between the proto-oncogene KIT and cellular

metabolism, including autophagy, remains unknown.

In order to identify novel targets for myeloid malignancies, this work aims to examine the
metabolic profile linked to the KIT D816V mutation in myeloid cells. We employed two human
cell lines for this aim: the erythroleukemia cell line TF-1 [12] and the mast cell line (MC)
ROSA [13]. We compared wild-type (KIT WT) versions of these cell lines with those bearing
the KIT D816V mutation that converts both cell lines into SCF-independent cells. Preliminary

research employing human AML samples has confirmed the results obtained in cell lines.

RESULTS
Respiratory rates and capacity in KIT D816V cells
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To study the respiratory rates of the D816V mutation, we used ROSA and TF-1 WT cells and
their mutated KIT versions. Using a Seahorse XF24 extracellular flux analyzer, we detected a
significant increase in mitochondrial respiration in both mutated cell lines compared to KIT
WT cells (Figure 1A, B). Before the addition of complex inhibitors, the oxygen consumption
rate (OCR) was measured, and basal mitochondrial respiration was calculated, subtracting
these values from those of non-mitochondrial respiration (Figure 1C, D). The cells harboring
the KIT mutation in baseline conditions have greater energetic production. OCR increases by
40% in ROSA KIT D816V and 30% in TF-1 KIT D816V. After basal respiration
measurements, oligomycin was injected into the wells. Oligomycin is a specific inhibitor of
ATPase activity that prevents electron transport. It produces a reduction in OCR according to
the portion of oxygen that is being used for ATP production (ATP-linked production). We
observed that ROSA KIT D816V and TF-1 KIT D816V cells consumed more than 100
pmol/min of OCR to produce ATP compared with KIT WT cells (Figure 1C, D). These results

suggest that the basal respiration portion used to create ATP is higher in KIT-mutated cells.

Oligomycin injection also allowed us to calculate proton leak, a measure of oxygen
consumption not coupled to ATP production. The increased proton leak value could indicate
mitochondrial dysfunction, but no significant differences were obtained in our experiments
(Supplementary Figure 1A, 1C).

CCCP, a mitochondrial membrane uncoupler, was injected into the Seahorse medium to
analyze the maximal mitochondrial respiratory capacity. CCCP mimics physiological maximal
oxygen consumption that can reach cells under stress conditions. ROSA KIT D816V had a
value of maximal respiratory capacity 60% greater than ROSA KIT WT cells, whereas TF-1
KIT D816V doubled it compared to WT cells (Figure 1C,D) . We noticed a relatively low
maximal capacity of the TF-1 cell line, which could be explained by the fact that these cells
are from a patient with AML, and it is shown that AML cells have a low spare reserve
capacity [14]. However, ROSA maximal respiratory capacity was more evident; MC
degranulation requires mitochondrial fission and translocation to the cell surface, which could
require a high mitochondrial reserve capacity [15].

Tetramethylrhodamine, methyl ester (TMRM), is a cell-permeant dye that accumulates in
active and healthy mitochondria. Mitochondrial membrane potential (Awym) increases with
TMRM fluorescence, whereas declining mitochondrial function or inactive mitochondria are
typically associated with a fluorescence intensity reduction. We used TMRM to measure
Aym, and consistent with our OCR data results, we found that ROSA and TF-1 KIT mutated
cells had greater fluorescence signals of 80% and 70%, respectively, compared to those
obtained in KIT WT cells (Figure 1E, F) These results suggest that KIT D816V cell lines had
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higher mitochondrial activity. Still, this increased value could result from increased

mitochondrial number or activity.

Warburg's theory of cancer suggests that insufficient cellular respiration could be caused by
mitochondrial impairment [16, 17]. Our Seahorse experiments did not show a defect in
mitochondrial function, but rather the opposite. To confirm that KIT D816V cells did not have
a glycolytic phenotype characterized by increased glucose consumption, we measured
glucose uptake by flow cytometry using 2-NBDG, a fluorescent tracer analog to glucose. As
expected, according to our previous results, the KIT D816V mutation did not produce a
switch to glycolysis because the levels of glucose uptake did not show differences between
KIT WT and KIT D816V cells (Figure 1G, H).

Next, we determined if the increase in the observed mitochondrial activity was also
associated with higher ATP production. We measured the ATP content using a quantitative
bioluminescence assay. We observed a two-fold increase in ATP production in TF-1 KIT
D816V and a five-fold increase in ROSA KIT D816V compared to WT cells (Figure 1E, J).

Taking all these results together, we conclude that the KIT D816V mutation increases
mitochondrial OCR, including basal, ATP-linked, ‘and maximal respiration and ATP

production.

D816V mutation and mitochondrial superoxide levels

Oxygen consumed by mitochondria Is reduced to water in the terminal reaction of the
respiratory chain by cytochrome C oxidase. A portion of the oxygen consumed is converted
to a superoxide anion as a byproduct of the mitochondrial respiratory chain [18]. We found
that superoxide production was five times greater in ROSA mutated cells, and for TF-1
mutated cells, we cbtained a value 50% greater than KIT WT cells (Figure 2A, B). KIT D816V
cells disclosed a significant increase in superoxide production that could be attributed to the
increased mitochondrial function. To confirm that the higher superoxide level observed was a
consequence of mitochondrial metabolism and was not produced by superoxide scavenger
upregulation, we measured the mitochondrial superoxide dismutase enzyme (SOD2) levels
located in the mitochondrial matrix by western blot. SOD2 catalyzes the dismutation of O2-
into molecular oxygen and hydrogen peroxide (H202) and decreases O2- a level that
damages cells at excessive concentrations. We observed that SOD2 protein levels were the
same in WT and KIT D816V cells (Figure 2E), confirming that O2- levels rose by increasing

mitochondrial activity and not by uneven enzymatic activity.

To further analyze whether the superoxide affected oxidative stress, we analyzed 8-OHdG, a

DNA damage marker. Cells were stained with 8-OHG and DAPI for quantification and
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visualized by confocal fluorescence microscopy (Figure 2C) to quantify the punctate ( Figure
2D). We found that punctate 8-OHdG in mutated ROSA cells is bigger and increases in
number.

In sharp contrast, the 8-OHG signal does not have significant differences between TF-1 KIT
WT and D816V cells. It is found that there is a very high level of 8-OHG in WT cells
(Supplementary Figure 2). It could be a consequence of the highly rearranged hyperdiploid
karyotype and mutations.

We concluded that increased mitochondrial activity in ROSA KIT D816V cells was associated

with higher O2- production and, therefore, a higher rate of oxidative damage.

Mitochondria in KIT mutated cells

Next, we assessed the mitochondrial copy DNA number by measuring mitochondrial DNA
(mtDNA) by Q-PCR. The mtDNA copy number was significantly higher in ROSA and TF-1
cells carrying the KIT D816V mutation (Figure 3A, B). Under these conditions, we also
detected an enhanced abundance of mitochondrial complex V-ATP5A in KIT mutant cells
(Figure 3F).

We analyzed the ultrastructural features of ROSA and TF-1 mitochondria by transmission
electron microscopy (TEM) (Figure 3C). We observed that cells harboring the KIT mutation
have more mitochondria (Figure 3D, E), but they appear smaller than those from KIT WT
cells; indeed, the form is round compared to WT cells with the mitochondria elongated. In

both cases, mitochondria are homogeneously distributed into the cytoplasm.

To assess the size of mitochondria, we calculated the mitochondrial area, and we found that
the mitochondria of KIT D816V ROSA and TF-1 cells were significantly smaller compared to
those of KIT WT cells (Figure 3G, H).

Autophagy in KIT mutated cell lines.

Increased mitochondrial number could be a consequence of increased mitochondrial
biogenesis or decreased degradation, a process called mitophagy. We examined whether
the difference in mitochondrial humber in cells carrying the KIT mutation was due to
mitochondrial biogenesis upregulation. We analyzed the expression of critical activators of
mitochondrial biogenesis, but we found no differences in their expression (Supplementary

Figure 3).
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To test if altered mitophagy could explain the mitochondrial changes observed in KIT
mutated cells, we analyzed the mitophagy marker BNIP3 (a pro-apoptotic BH3-only protein
subfamily) and the levels of autophagosome-localized LC3 (Microtubule-associated Protein 1

Light Chain 3), a specific marker for autophagy.

We observed small but significantly reduced levels of BNIP3 in ROSA and TF-1 mutated
cells compared to WT cells (Figure 4A). When autophagy is activated, a cytosolic form of
LC3 (LC3-I) is conjugated to phosphatidylethanolamine to form  LC3-
phosphatidylethanolamine conjugate (LC3-Il) [19]. We observed that LC3-1l is reduced in
ROSA-mutated cells, indicating that autophagy is reduced compared to its wild-type version.
However, we haven’t found differences in TF-1 cells.

We analyzed BNIP3 expression by Q-PCR and observed, as in the immunoblotting analysis,
a decreased level of BNIP3 in mutated KIT cells (Figure 4B).

We treated cells with Bafilomycin Al, an autophagic inhibitor that prevents the
maturation of autophagic vacuoles and results in the accumulation of autophagosomes.
These accumulated autophagosomes showed an increased expression of LC3-Il that can be
measured. For this purpose, we treated ROSA cells with Bafilomycin Al for 6 hours at 100
nM and TF-1 for 7 hours at 130 nM. In these conditions, we confirmed that autophagy is
reduced in ROSA D816V cells (Figure 4C), and we observed that mutated TF-1 cells treated
with Bafilomycin had decreased LC3-ll, | indicating a decrease in the formation of
autophagosomes. Indeed, BNIP3 levels in KIT WT cells were higher compared to KIT D816V
cells in both cases (Figure 4C). Altogether, these data indicate that autophagy is decreased
in mutated KIT cells.

Given these results, we overexpressed BNIP3 in KIT D816V to ensure that BNIP3 controls
autophagy. We infected KIT D816V cells with the BNIP3 adenovirus (BNIP3 ORF). As
expected, BNIP3 upregulation was associated with an increased level of LC3-1l (Figure 4D).
Moreover, to analyze if BNIP3 was responsible for the increased mitochondrial abundance in
KIT D816V cells, we quantified the mtDNA in cells infected with BNIP3. Overexpression of
BNIP3 induced a decline in mtDNA in both ROSA and TF-1 D816V cell lines, reverting the
mutated phenotype (Figure 4E). We conclude that BNIP3 expression increases autophagy
and controls mitochondrial number in our myeloid models.

The kinase mTOR is a critical regulator of autophagy induction; activated mTOR suppresses
autophagy, whereas negative regulation of mMTOR promotes it [21]. For this reason, we
tested if mMTOR activation is deregulated in mutated cells. We have found that in starving
conditions and without SCF, cells carrying the D816V mutation have increased
phosphorylation of mMTOR and its downstream effector 4E-BP1. Moreover, stimulation with

SCF increases phosphorylation of the mTOR pathway (Figure 4F). These results suggest
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that KIT WT cells need SCF to activate the mTOR pathway, whereas this pathway is

constitutively activated in mutated cells.

BNIIP3 expression in AML patients with the KIT D816V mutation

We performed a Bloodspot analysis (www.bloodspot.eu) of BNIP3 in normal and
AML samples to study BNIP3 expression. We found that the BNIP3 level in AML
patients with t(8;21) and inv (16) was lower than in other AML subtypes (Figure 5A).
Interestingly, mutations of KIT occur in 20-25% and approximately 30% of AML
t(8;21) and inv(16) cases, respectively (22). We checked the BNIP3 influence on
overall survival in the TGGA AML cohort and detected a decreased survival
probability in patients with BNIP3 downregulation (Suppiementary Figure 4). Given
these results, we analyzed BNIP3 expression in AML patients with t(8;21) or inv (16).
First, we assessed the presence of the KIT D816V mutation, and we measured
BNIP3 expression by RT-gPCR in patients with or without this mutation. As expected,
BNIP3 expression was significantly decreased in patients carrying the KIT D816V

mutation (Figure 5B).

DISCUSSION

In the current study, we found that, compared to KIT WT, mutated KIT D816V
cell lines ROSA and TF-1 significantly increased mitochondrial activity and number.
Consequently, we detected more superoxide production, which could increase DNA
instability. The maost frequent pathogenic driver of systemic mastocytosis. (SM) is the
KIT D816V mutation. Early acquisition of this mutation during hematopoiesis may
result in multilineage involvement by KIT D816V. This has been linked to an
increased incidence of transition to advanced SM [23].
Linked to these findings, we found a decreased expression of BNIP3 in KIT mutant cell lines,
a protein that regulates apoptosis and autophagy [24], and LC3, resulting in reduced
autophagy. These results could explain the increased mitochondrial number found. We revert
the mitochondrial number by overexpressing BNIP3, resulting in an increase in autophagy

through LC3 lipidation. Finally, we confirmed by RT-gPCR that AML patients carrying the KIT
D816V mutation had decreased BNIP3 levels.

10
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MTOR activation is active only when nutrients and growth signals are present [25].
We observed that mutated KIT cells have the mTOR pathway active constitutively in
starving conditions, not depending on the viability of cytokines, resulting in
unrestricted growth, a hallmark of cancer. mTOR is hyperactivated in up to 80% of
cancers [26]

The KIT D816V mutation reduces cellular dependence on extrinsic signals (a hallmark of
cancer) to maintain survival, growth, and proliferation that, in normal conditions, are under
the control of cytokines [7]. Loss of this growth factor dependence allows cells to maintain
signal transduction pathways, and cellular metabolism needs to be rewired to sustain this
hyperactivated state. We found increased mitochondrial activity and ATP production caused
by mitochondrial changes, suggesting that mitochondrial metabolism is not intrinsically
impaired in KIT D816V cells. This phenomenon is opposite to the Warburg effect, which
describes a glycolytic upregulation in cancer cells characterized by high glucose
consumption and lactate production even in oxygen [19,20]. It has been described that
mitochondrial metabolism is not impaired, as in _our models, in some cancers such as
leukemias, lymphomas, pancreatic ductal adenocarcinoma, a subgroup with high OXPHOS

melanomas, and endometrial carcinoma [27,28].

Our findings align with earlier studies in AML cells that show a greater copy number of
mtDNA compared to normal HSCs [29]. Chronic lymphocytic leukemia (CLL) also has
increased mitochondrial mass [30], and it has been shown that the stromal environment
increases OXPHOS in CLL [31]. These results suggest an increased OXPHOS in
hematologic neoplasms and may indicate that the microenvironment strongly influences
metabolism in blood neoplasms. However, each type of leukemia may behave in a specific
way. Isocitrate dehydrogenase (IDH) or FLT3 mutations have been associated with
glycolysis upregulation [32-34].

Alterations in intracellular levels of ROS have been associated with changes in
mitochondrial abundance, mtDNA copy number, and the expression of respiratory genes
[35]. ROS are produced during normal cellular metabolic processes, and mitochondria are
the main source of their production. An imbalance between the production and scavenging of
ROS will damage cellular proteins, lipids, and nucleic acids [35]. We showed an increase in
superoxide production in ROSA and TF-1 KIT D816V cell lines and an increased 8-OHdG
level in ROSA mutant cells, a biomarker of oxidative damage to DNA. 8-OHdG residues in
DNA result in a GC to TA transversion, which may cause damage to DNA replication [36].
Accordingly, 8-OHdG in cells may lead to mutagenesis and thus play a significant role in

cancer evolution. Increased levels of ROS have been associated with a high rate of

11



Journal Pre-proof

mutations [37]. We cannot rule out that successive mutations acquired after KIT D816V could
change the metabolic profile, switching cells to a mainly glycolytic phenotype [38].

We found that increased mitochondrial number is a consequence of reduced mitophagy
in mutated KIT D816V cell lines due to BNIP3 down-regulation, and we showed that BNIP3
expression might be critical for mitochondrial number. Several studies have demonstrated
that BNIP3 is a potent inducer of autophagy [24,39,40]. Rikka et al. [41] showed that BNIP3
overexpression led to the loss of Aym, diminished the capacity to produce ATP, and
impaired mitochondrial respiration. Glick et al. [42] showed that BNIP3 hepatocytes from
BNIP3-null mice had an increased number of mitochondria, and these mitochondria were
also smaller when compared to those from BNIP3 WT mice. These results are clearly in line
with our findings, linking BNIP3 expression with mitochondrial morphology and number.

BNIP3 deregulation has been previously described in various cancer types. In solid
tumors, BNIP3 is induced under hypoxic conditions [43], overexpressed at premalignant
stages, and downregulated upon progression to more invasive and aggressive forms
[44,45,46]. On the other hand, lower BNIP3 expression has been observed in cell lines and
primary tumor cells. Down-regulation of BNIP3 has been associated with a chemo-resistant
phenotype and a bad outcome [47]. Thus, in some stages of tumorigenesis, decreased
mitophagy may allow for a permissive threshold of dysfunctional mitochondria to persist,
generating increased tumor-promoting ROS. Established cancers may require mitophagy for
stress adaptation and survival [48]. BNIP3 could be downregulated in hematologic
malignancies by different mechanisms [49,50]. Interestingly, BNIP3, when dimerized, is
inserted into the mitochondrial membrane, and it induces cell death through apoptotic,
necrotic, and autophagic pathways [47]. Decreased BNIP3 expression could also be a
means of avoiding cell death in KIT D816V cells, and its downregulation could be a survival

mechanism.

Materials and methods

Oxygen Consumption Rate
Oxygen Consumption Rate (OCR) was performed using the XF24e Extracellular Flux
Analyzer following the manufacturer’'s instructions and using the materials provided

(Seahorse Bioscience, Billerica, MA). Cells were immobilized using Cell-Tak (Corning, NY,
USA) in 24- well culture plate and seeded at 5x10° cells/well for the ROSA cell line and

1x10° cellsiwell for the TF-1 cell line. Cells were equilibrated for 1 hour in XF seahorse base

medium supplemented with 1 mM sodium pyruvate, 2 mM L-glutamine, and 5 mM glucose at

12
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37°C in CO> free incubator before the seahorse experiment. Oligomycin was added at 1 pM

and CCCP at 0.5 for ROSA and 1 pM for TF-1 cells into the seahorse medium.

ATP quantification

Cellular ATP content was measured using the ATP determination kit (Life
Technologies Europe, Netherlands). One hundred thousand cells were washed in
ice-cold PBS, pelleted, resuspended in ATP buffer (100 mM Tris-HCI pH 7.75, 4 mM
EDTA), frozen in liquid nitrogen, and boiled for 3 minutes. Cells were placed on ice

for 5 minutes and centrifuged at 13.000 rpm for 5 min at 4°C. The supernatant was
recovered, and ATP levels were measured using the manufacturer's protocol.
Luminescence was calculated using the luminometer Lumat LB Tube (Berthold
Technology, Germany)

Mitochondrial oxidative damage
Cells were seeded into wells with poly-L-lysine-coated cover glasses (Sigma-Aldrich) and
incubated for 1 hour at 37°C in 5% CO2. Cells were fixed in 4% PFA for 10 min

and permeabilized with 0.5% Triton in PBS for 10 min. The wells were washed twice
in PBS and blocked with PBS containing 1% BSA for 1 hour at room temperature.
The Anti-8 Hydroxyguanosine antibody recognized oxidized nucleotides (Abcam)
used at 1:500 for 1 hour at room temperature, followed by incubation with Goat Anti-
Mouse IgG H&L Alexa Fluor® 647 (Abcam) used at 1:200 for 1 hour at room
temperature. Nuclei” were counterstained with DAPI (Molecular Probes, Life
Technologies, Paisley, Scotland) at 300 nM for 3 minutes. Samples were observed
using a Confocal multispectral Leica SP5 microscope (Wetzlar, Germany). The

experiment was performed in triplicate, and several images were captured.

BNIP3 expression in AML patients

Primary samples from AML patients have obtained from the Department of
Hematology at the Hospital de la Santa Creu | Sant Pau in Barcelona (Catalonia,
Spain) with full informed consent from the patients and the approval of the
corresponding Institutional Review Boards.

13
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RNA obtained from 34 patients diagnosed with AML1-ETO and 38 with CBFB-
MYH11 were tested for KIT D816V mutation as described previously [52]. The
probes for the BNIP3 (Hs00969291 ml) and ABL1 (Hs01104728 m1l) were
purchased as Assay-on-Demand (Applied Biosystems). Gene expression data were
analyzed by the AACt method, using ABL1 as an internal control.

Statistical methods

Statistical analysis was performed using GraphPad Prism version 5.0 software
(GraphPad, CA, USA) Graphs represent three independent experiments and results
were normalized by KIT WT cells. All values were expressed as the means *
standard error of the mean (S.E.M) and statistical significance was determined using
the Student t-test. A value of p < 0.05 was regarded as significant: *, ** and ***
correspond to p < 0.05, p < 0.01, and p < 0.001, respectively.

Additional methods are available at the Supplementary section.
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Figure 1. Increased respiratory rates and respiratory capacity in KIT D816V cells.

Seahorse XF24 assay as represented by continuous measurements of oxygen consumption
(OCR) of ROSA (A) and TF-1 cells (B) in basal conditions and after sequential addition of
Oligomycin, CCCP, and Rotenone/Antimycin. Continuous OCR values (pMols/min) are
shown for one representative of three experiments. Basal Respiration, ATP-linked
respiration, and maximal respiratory capacity in ROSA and TF-1 cells were calculated (C, D).
Mitochondrial membrane potential using tetramethylrhodamine methyl ester (E, F) and
glucose uptake using the 2-NBDG tracer (G, H) were measured by flow cytometry in ROSA
and TF-1 cell lines. The values show the median fluorescence intensity (MFI) of three
independent experiments normalized by KIT WT cells. ATP concentration was measured by
bioluminescence in ROSA and TF-1 cells (I, J) using the luciferase-coupled ATP
determination kit. The values show the median of four independent experiments normalized
by KIT WT cells. Data are mean + SEM. *p<0.05, **p=<0.005, ***p=<0.001 vs. wild-type group.
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Figure 2. Increased superoxide production in KIT D816V cells

Superoxide production was measured by flow cytometry using MitoSOX reagent in ROSA
(A) and TF-1 (B) cell lines. The values show the median fluorescence intensity (MFI) of three

independent experiments normalized by KIT WT cells. Oxidative damage was measured in
ROSA cells (C) by immunofluorescence of 8-hydroxydeoxyguanosine (8-OHdG) as a marker
(red). The nucleus was identified with DAPI (blue). One representative image is shown of
three independent experiments. Scale bars represent 10 um. (D) 8-OHdG fluorescence was
guantified using ImageJ software. (E) Immunoblotting of Superoxide Dismutase 2 (SOD?2) in
ROSA and TF-1 cell lines. One representative image of three experiments is shown. Data
are mean £ SEM. *p<0.05, **p<0.005, ***p<0.001 vs. wild-type group.
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Figure 3. Mitochondrial quantification

Relative mitochondrial content (mtDNA) was measured by Q-PCR in ROSA (A) and TF-1 (B)
cell lines by determining the ratio between the mitochondrial sequence COX2 and the
nuclear sequence [-actin. The graph represents the media of three independent
experiments. The results are normalized by WT cells. (C) Representative mitochondrial
images of ROSA and TF-1 KIT WT and D816V cell lines. Scale bars represent 1 um. Using
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ImageJ software, the mitochondria number per cell was counted from TEM aleatory images
in ROSA (D) and TF-1 cells (E). (F) Immunoblotting of mitochondrial respiratory subunit
alpha of complex V (ATP synthase or ATPase). One representative experiment of three is
shown. The mitochondrial area of ROSA (G) and TF-1 (H) cells was measured using ImageJ
software. One representative image of three experiments is shown. Data are mean + SEM.
*p<0.05, **p=<0.005, ***p=<0.001 vs. wild-type group.

B
O roga T 3 1p.q Rrwt
A 15, ] ROBAMTENY \ [= Lt
ROSA TF-1 b
i @ §
= - 10
£& 54 1 g .
snFy [ ] =0 vom H !0
LC3- 17 kDi m =
Loa S 2 % gt
Actin |: m F
3 Vehicle ™= Vehicle:
[ Bafiomycin T Bafiloermyein
C ROSA TF-1 . 4
— — B .
WT paiev WT DE1BY =5 — b —
WL - . .. g 20 3 ¥
N Y e i E 2
e e i
& 8
& ,,9‘? {g-ul‘ é\f
M
& qp"’b & &
= Control = Control
255 ENIP3 ORF =1 BNIP3 ORF
ROSA TF-1 o -
D816V DRIEV 5. =
ENIPRORF -+ - = =1 ]
enps [ [ =2 s i, g
~ - = =
o EEegis g ;.
- EEESce i 5
ROSA DETEV TF-1 DE1eV
E F
ROSA TFA
1 Control 1 Confral y B 9 T
- + v +
1 EMIP3 ORF 1 BNIP3 ORF SCF
< 12 g1 —_—
g H g F 8. #
H 3 f5Ls£5 58
A S o
H ¥ p4EE S I
; E Thr 70 —l
s [E] ¥ 0. pRSEB-P1 - -l —— oo,
& Ser@s
ROSA DE1EV TF-1 DE1EV Actin s ewe |421D2

Figure 4. Mitochondrial biogenesis and mitophagy in KIT mutated cell lines.

(A). Immunoblotting of autophagic markers BNIP3 and LC3 in ROSA and TF-1 cell lines. (B)
BNIP3 mRNA expression was measured in ROSA and TF-1 cells by Q-PCR. ABL1 was used
as internal control. (C) Immunoblotting of BNIP3 and LC3 of ROSA and TF-1 cells incubated
with Bafilomycin Al (Baf Al) at 100 nM for 6 h for ROSA cells and 130 nM for 7 h for TF-1
cells or vehicle to inhibit autophagosome degradation. (D) Immunoblotting of BNIP3 and LC3
of mutated ROSA and TF-1 cells lines were infected with an adenoviral vector encoding
BNIP3. (E) Relative mitochondrial content was measured in ROSA and TF-1 mutated cell
lines infected with ORF BNIP3 by Q-PCR. Actin was used as internal control, (F) mTOR
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markers were measured by immunoblotting without and after SCF activation. Graphs
represent the media of three independent experiments. The results are normalized by WT or
control cells. Westerns blots are performed by triplicate, and one representative image is
showed. Immunoblotting graphs represent the median of three independent experiments and
are normalized by actin. Data are mean = SEM. *p<0.05, **p<0.005, ***p<0.001 vs. wild-type

group.
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Figure 5. BNIIP3 expression in AML patients with the KIT D816V mutation.

(A) Bloodspot analysis of BNIP3 in normal hematopoiesis and AML. (B) BNIP3 expression
was measured in 34 AML patients with t(8;21) or inv(16) by RT-gPCR with KIT WT or KIT

D816V mutation. *p<0.05
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