
Abstract
   Given that lack of clinically available approaches to overcome resistance to modern targeted and immunotherapies for metastatic melanoma, a better understanding of cell death regulatory
pathways  are  warranted  in  melanoma.  Ferroptosis  is  a  recently  discovered  lipid  reactive  oxygen  radical-mediated,  iron-dependent  cell  death  that  has  shown  particular  promise  in
dedifferentiated,  multi-drug  resistant  melanoma  cell  lines.  However,  it  is  unknown,  why  dedifferentiated  melanoma cells  are  susceptible  for  ferroptotic  cell  death  and  why  differentiated
melanoma cells are resistant to ferroptosis. 
   Microphtalmia-associated  transcription  factor  (MITF)  is  a  critical  regulator  of  melanocyte  and melanoma differentiation  and survival.  Our  preliminary  results  show that  MITF transcription
factor protects differentiated melanoma cells from cell death caused by ROS. Bioinformatic analyses suggests that MITF mRNA levels inversely correlate with sensitivity to ferroptosis.
However, our preliminary in vitro functional experiments suggest that MITF functionally does not consistently affect sensitivity to ferroptosis. Thus, the regulation of ferroptosis in melanoma
remains largely uncharacterized.
   Our future aims are to identify new therapeutic targets promoting ferroptosis in differentiated and dedifferentiated melanoma cell lines by performing genome-wide in vitro crispr screen
assays to identify melanoma specific regulators of ferroptosis. The expected outcome is the identification of several novel genes as therapeutic targets in preventing ferroptosis resistance
in dedifferentiated melanoma and sensitizing differentiated melanoma cells to ferroptosis cell death. 
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   Our  conclusion  is   that  MITF  regulated  genes  involved  in  ROS  protection  and  regulates  ROS-dependent  cell  death  too.  Although  functionally  MITF  KD  did  not  increase  sensitivity  to
ferroptosis (data not shown), we did identify an inverse association between MITF levels and sensitivity to ferroptosis inducing compounds. However, the mechanism by which MITF high cell
lines are protected from ferroptosis in not understood. 
   Therefore, our future aim is to understand ferroptosis mechanistically by performing crispr screen.  First,  we plan to use a smaller,  domain-specific epigenetic library targeting 600
genes  with  10000  gRNAs  to  identify  epigenetic  regulators  of  ferroptosis.  Next,  we  aim  to  understand  the  identified  genes  individually  and  to  explore  novel  combination  strategies  by
promoting sensitivity to ferroptosis and by preventing resistance to ferropotosis inducing compounds.
  Among the  results  expected  by  the  end of  the  project,  with  2  different  mechanism of  action  (prevention  of  resistance to  ferroptosis  and enhancement  of  susceptibility  to  ferroptosis),
several new combination therapies are expected to be developed and are planned to be published in several publications. A deeper mechanistic understanding of the signalling pathways
and processes associated with ferroptotic cell death in melanoma is expected to be achieved with these new therapies. 

   

Figure  1.  MITF  regulates  genes  involved  in  oxidative-reductive  processes  in  melanoma.
We first  took an unbiased approach to  investigate the biological  processes that  MITF target
genes  are  involved  in.  We  investigated  genes  that  were  significantly  downregulated  by  at
least  1.5  fold  (log)  in  MALME-3M melanoma cells  and  found  genes  involved  in  regulation  of
cellular ROS to be enriched. We used REVIGO to remove redundant gene ontology terms and
visualize  the  significantly  enriched  gene  sets.  As  expected,  genes  involved  in  regulation  of
cell survival and pigmentation were among the most highly enriched biological processes.

Discussion
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Figure 3. Low MITF melanoma cell lines are sensitive to ferroptosis inducers. 
Our results suggested that MITF, protects differentiated melanoma cells from cell death caused
by  reactive  oxygen  species  (Fig  2).  To  exploit  this  potential  vulnerability,  we  aimed  to
investigate  whether  cell  lines  low  in  MITF  expression  may  be  targeted  by  ROS  inducing
compounds.  Bioinformatic  experiments  using  CTRPv2  database  suggested  that  MITF  mRNA
levels show an inverse correlation with sensitivity to ferroptosis inducers (Fig 3a).  Thus, high
MITF (differentiated) cells show resistance to ferroptotic lipid reactive oxygen radical-induced
cell  death.  On  the  other  hand,  dedifferentiated  melanoma  with  low  MITF  expression  shows
increased, circa 30x fold sensitivity to ferroptosis inducing compounds (Fig.3b).

Figure 4. Protocol for crispr screening in melanoma for regulators of ferroptosis. First,
we  plan  to  conduct  a  subgenome  crispr  screen  targeting  epigenetic  modifiers.  With
lentiCRISPRV2  (gRNA  pooled  library)  vector  system,  amplification  of  the  library  and
purification  of  plasmids  then  Packaging  into  lentiviruses  is  planned.  Subsequently,  MOI
(multiplicity of infection) is determined on the selected melanoma cell lines, with particular
attention to the fact that the circa 10.000 different gRNAs in the library only enter 1 cell at
a  time.  Subsequently,  we  will  trigger  ferroptotic  cell  death  by  ML210  treatment  (vehicle
control  treatment  for  another  group  of  cells).  For  both  ML210  and  vehicle  control  treated
cells,  min.  DNA  is  isolated  from  at  least  40M  cells.  The  gRNAs  that  are  statistically  more
abundant than expected in ML210 treated samples will  be mechanistically investigated how
they confer resistance to ferroptotic cell  death. Conversely, underrepresented gRNAs are of
great interest as well, as they may offer new therapeutic options to sensitize to ferroptosis.

Figure 2. To functionally validate the bioinformatic findings, we next investigated the role of
MITF in protecting melanoma cell lines from oxidative stress in vitro. Cytosolic ROS levels
increased by measuring DCFDA fluorescent dye using flow cytometry after knockdown of MITF,
IDH1 and NNT in UACC257 and SKMEL5 melanoma cells (Fig. 2a, b). Suggesting that MITF and it
is  targets  regulate  cellular  ROS  levels.  Furthermore,  knockdown  of  MITF,  IDH1  and  NNT
decreased melanoma cell  survival  which  was  rescuable  by  adding  a  potent  anti-oxidant  NAC
to the media, suggesting that MITF KD mediated cell death depends on cellular ROS (Fig 2c).
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