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Introduction	
  

This	
  application	
  addresses	
  the	
  FY11	
  PRMRP	
  Topic	
  Area,	
  Epidermolysis	
  Bullosa,	
  and	
  
proposes	
  to	
  develop	
  stem-­‐cell	
  based	
  therapies	
  for	
  junctional	
  epidermolysis	
  bullosa	
  
(JEB),	
  which	
  is	
  one	
  of	
  the	
  most	
  severe	
  forms	
  of	
  epidermolysis	
  bullosa	
  (EB),	
  a	
  group	
  
of	
  rare	
  inherited	
  skin	
  blistering	
  diseases.	
  JEB	
  sentences	
  those	
  afflicted	
  to	
  a	
  life	
  of	
  
severe	
  pain	
  and	
  disability	
  due	
  to	
  constant	
  blistering	
  and	
  scaring,	
  and	
  in	
  some	
  cases,	
  
early	
  death.	
  These	
  diseases	
  are	
  devastating	
  and	
  despite	
  all	
  efforts,	
  current	
  therapy	
  
for	
  EB	
  is	
  primarily	
  limited	
  to	
  wound	
  care.	
  Therefore,	
  there	
  is	
  a	
  desperate	
  need	
  for	
  
the	
  development	
  of	
  a	
  safe	
  stem	
  cell-­‐based	
  approach	
  for	
  EB	
  which	
  would	
  provide	
  a	
  
permanent	
  corrective	
  therapy.	
  To	
  accomplish	
  this	
  goal,	
  we	
  are	
  proposing	
  to	
  develop	
  
stem-­‐cell	
  based	
  therapies	
  for	
  EB	
  using	
  autologous	
  induced	
  pluripotent	
  stem	
  cells	
  
(iPSC)	
  derived	
  from	
  skin	
  cells	
  harvested	
  from	
  the	
  same	
  EB	
  patient.	
  We	
  hypothesize	
  
that	
  using	
  genetically	
  corrected	
  patient-­‐specific	
  iPSC-­‐derived	
  keratinocyte	
  stem	
  
cells	
  for	
  skin	
  grafting	
  in	
  combination	
  with	
  iPSC-­‐derived	
  hematopoietic	
  and	
  
mesenchymal	
  stem	
  cells	
  for	
  transplantation	
  will	
  be	
  effective	
  in	
  correcting	
  both	
  
lesions	
  within	
  the	
  skin	
  as	
  well	
  as	
  in	
  mucosal	
  epithelia.	
  

Keywords	
  
· Epidermolysis	
  Bullosa	
  (EB)
· Junctional	
  EB	
  (JEB)
· Induced	
  pluripotent	
  stem	
  cells	
  (iPSC)
· Gene	
  correction

Body	
  
Aim	
  1:	
  To	
  determine	
  the	
  histocompatibility	
  of	
  iPSC-­‐derived	
  keratinocytes	
  and	
  
mesenchymal	
  cells.	
  
Aim	
  1	
  has	
  been	
  reported	
  in	
  Dr.	
  Dennis	
  Roop’s	
  report.	
  

Aim	
  2:	
  To	
  determine	
  the	
  genetic	
  stability	
  of	
  human	
  iPSC	
  generated	
  from	
  
keratinocytes	
  obtained	
  from	
  JEB	
  patient	
  biopsies.	
  
In	
  2011,	
  it	
  was	
  reported	
  that	
  the	
  process	
  of	
  reprogramming	
  into	
  iPSC	
  may	
  introduce	
  
somatic	
  mutations	
  into	
  the	
  genome.	
  Our	
  close	
  examination	
  of	
  the	
  paper	
  showed	
  that	
  
most	
  of	
  the	
  iPSC	
  were	
  reprogrammed	
  using	
  viral	
  vectors,	
  and	
  from	
  cells	
  that	
  may	
  
have	
  already	
  contained	
  somatic	
  mutations.	
  

We	
  have	
  completed	
  Tasks	
  2.1-­‐2.6	
  in	
  the	
  steps	
  to	
  ensure	
  heterogeneity	
  in	
  the	
  starting	
  
population	
  and	
  to	
  rigorously	
  re-­‐evaluate	
  the	
  genetic	
  stability	
  of	
  human	
  iPSC.	
  Tasks	
  
2.1-­‐2.5	
  have	
  been	
  reported	
  in	
  Dr.	
  Dennis	
  Roop’s	
  report.	
  

Task	
  2.6.	
  Generate	
  5	
  independent	
  mesenchymal	
  cell	
  lines	
  from	
  one	
  of	
  the	
  
sequenced	
  iPSC	
  lines	
  from	
  each	
  patient	
  and	
  perform	
  total	
  exome	
  sequencing	
  on	
  
these	
  lines.	
  

Derivation	
  of	
  mesenchymal	
  stromal	
  cells	
  from	
  iPSCs	
  has	
  been	
  a	
  challenge	
  for	
  whole	
  
field.	
  Tolar	
  laboratory	
  has	
  tested	
  multiple	
  approaches	
  and	
  finally	
  has	
  been	
  able	
  to	
  
develop	
  a	
  robust	
  and	
  reliable	
  protocol	
  to	
  derive	
  mesenchymal	
  cells	
  from	
  pluripotent	
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cells.	
  The	
  experimental	
  schema	
  capturing	
  the	
  various	
  cell	
  fate	
  induction	
  pathways	
  is	
  
as	
  follows:	
  

As	
  the	
  mesenchymal	
  cells	
  adhere	
  to	
  plastic	
  and	
  display	
  characteristic	
  size	
  
(approximately	
  18-­‐23	
  micrometers)	
  and	
  shape	
  (spindle-­‐like)	
  we	
  assessed	
  these	
  
readouts	
  first:	
  

Next,	
  we	
  wished	
  to	
  confirm	
  the	
  phenotypical	
  identity	
  of	
  these	
  cells	
  by	
  assessment	
  of	
  
expression	
  of	
  surface	
  markers	
  that	
  traditionally	
  define	
  mesechymal	
  cells.	
  This	
  is	
  
shown	
  here:	
  



6	
  

Collectively,	
  we	
  show	
  that	
  mesenchymal	
  cells	
  can	
  be	
  successfully	
  derived	
  from	
  iPSCs	
  
as	
  is	
  evidenced	
  by	
  both	
  morphology	
  and	
  antigen	
  mapping	
  by	
  FACS	
  (shown	
  above).	
  	
  

Aim	
  3.	
  To	
  develop	
  methods	
  to	
  increase	
  the	
  homing	
  of	
  iPSC-­‐derived	
  Lin-­‐	
  
/PDGFRα+	
  cells	
  into	
  injured	
  epithelia.	
  A	
  recent	
  report	
  suggests	
  that	
  it	
  may	
  be	
  
possible	
  to	
  mobilize	
  BM-­‐derived	
  cells	
  into	
  the	
  circulation	
  by	
  systemically	
  
administering	
  recombinant	
  HMGB1,	
  which	
  results	
  in	
  increased	
  homing	
  of	
  Lin-­‐	
  
/PDGFRα+	
  BM	
  cells	
  into	
  injured	
  epithelia.	
  To	
  confirm	
  these	
  observations,	
  we	
  
propose	
  the	
  following:	
  

Task	
  3.1.	
  To	
  determine	
  whether	
  mouse	
  iPSC-­‐derived	
  Lin-­‐/PDGFRα+	
  cells	
  will	
  
home	
  into	
  injured	
  epithelia.	
  

To	
  this	
  end	
  we	
  first	
  isolated	
  these	
  cells	
  from	
  non-­‐adherent	
  bone	
  marrow	
  cell	
  
fraction	
  of	
  C57/Bl6	
  GFP	
  transgenic	
  mice.	
  We	
  next	
  infused	
  them	
  (dose:	
  100,000	
  
cells/mouse)	
  intravenously	
  into	
  EB	
  mice	
  on	
  day	
  1	
  of	
  life.	
  After	
  10	
  weeks	
  we	
  
electively	
  sacrificed	
  the	
  mice	
  and	
  harvested	
  tissues.	
  Upon	
  histological	
  examination	
  
we	
  observed	
  numerous	
  donor	
  (GFP	
  positive)	
  cells	
  in	
  recipient	
  skin	
  (Legend:	
  Skin	
  
section	
  with	
  GFP+	
  donor	
  cells	
  [green],	
  counterstained	
  with	
  nuclear	
  DAPI	
  stain	
  
[blue]).	
  Representative	
  example	
  is	
  shown	
  here:	
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Of	
  note,	
  the	
  GFP+	
  donor	
  cells	
  engrafted	
  long	
  term	
  (at	
  least	
  10	
  weeks)	
  and	
  in	
  both	
  
major	
  layers	
  of	
  skin,	
  epidermis	
  and	
  dermis.	
  	
  

Task	
  3.2.	
  To	
  determine	
  whether	
  human	
  iPSC-­‐derived	
  Lin-­‐/PDGFRα+	
  cells	
  will	
  
home	
  into	
  injured	
  epithelia.	
  

In	
  a	
  similar	
  fashion	
  as	
  shown	
  above	
  in	
  Task	
  3.1	
  we	
  have	
  isolated	
  human	
  
mesenchymal	
  stem/stromal	
  cells	
  (Lin-­‐,	
  PDGFRa+)	
  and	
  transplanted	
  them	
  into	
  
immune	
  deficient	
  NOD/IL-­‐2Rγc/Rag-­‐/-­‐	
  (NOG)	
  mice.	
  After	
  1	
  week	
  we	
  observed	
  
donor	
  cells	
  in	
  non-­‐injured	
  skin.	
  Representative	
  section	
  is	
  shown	
  below:	
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Aim	
  4.	
  To	
  develop	
  an	
  efficient	
  and	
  safe	
  method	
  for	
  the	
  genetic	
  correction	
  of	
  
the	
  defective	
  gene	
  in	
  JEB-­‐specific	
  iPSC.	
  Two	
  recent	
  reports	
  have	
  shown	
  that	
  zinc	
  
finger	
  nucleases	
  (ZFNs)	
  can	
  dramatically	
  increase	
  the	
  efficiency	
  of	
  homologous	
  
recombination	
  in	
  iPSCs.	
  To	
  confirm	
  these	
  observations	
  and	
  eliminate	
  concerns	
  
about	
  off	
  target	
  events,	
  we	
  propose	
  the	
  following:	
  

Task	
  4.1.	
  Generate	
  iPSC	
  from	
  the	
  mouse	
  model	
  of	
  JEB,	
  correct	
  the	
  genetic	
  
defect	
  using	
  ZFN-­‐mediated	
  homologous	
  recombination	
  and	
  confirm	
  the	
  
absence	
  of	
  off	
  target	
  events	
  using	
  total	
  exome	
  sequencing.	
  

In	
  collaboration	
  with	
  Sigma,	
  we	
  are	
  currently	
  designing	
  an	
  optimum	
  binding	
  site	
  for	
  
ZFNs	
  to	
  correct	
  the	
  genetic	
  defect	
  in	
  mouse	
  JEB	
  iPSCs.	
  Upon	
  generation	
  of	
  
integration-­‐free	
  mouse	
  JEB	
  iPSCs	
  described	
  in	
  the	
  Task	
  1.1,	
  we	
  will	
  perform	
  a	
  gene	
  
targeting	
  experiment	
  with	
  designed	
  ZFNs.	
  

Task	
  4.2.	
  Derive	
  keratinocyte	
  cells	
  from	
  genetically	
  corrected	
  mouse	
  JEB	
  iPSC	
  
and	
  determine	
  their	
  ability	
  to	
  repair	
  blistered	
  areas	
  in	
  the	
  JEB	
  mouse	
  model.	
  

This	
  task	
  will	
  be	
  initiated	
  upon	
  completion	
  of	
  the	
  Task	
  4.1.	
  

Task	
  4.3	
  Derive	
  mesenchymal	
  cells	
  from	
  genetically	
  corrected	
  mouse	
  JEB	
  iPSC	
  
and	
  determine	
  their	
  ability	
  to	
  repair	
  blistered	
  areas	
  in	
  the	
  JEB	
  mouse	
  model	
  
using	
  the	
  systemic	
  delivery	
  of	
  HMGB1	
  as	
  developed	
  in	
  Aim	
  3.	
  

To	
  be	
  completed	
  by	
  Dr.	
  Tolar	
  once	
  the	
  genetically	
  corrected	
  mouse	
  JEB	
  cells	
  are	
  
received	
  from	
  the	
  Dr.	
  Roop	
  laboratory	
  (outside	
  the	
  granting	
  period).	
  In	
  the	
  interim,	
  
however	
  we	
  pursued	
  an	
  alternative	
  strategy	
  in	
  human	
  JEB	
  cells	
  and	
  we	
  are	
  happy	
  to	
  
report	
  that	
  we	
  made	
  significant	
  progress	
  on	
  this	
  front.	
  	
  

Specifically,	
  we	
  have	
  
1. Generated	
  stocks	
  of	
  E.	
  coli	
  that	
  express	
  the	
  CRISPR-­‐Cas9	
  vector	
  that	
  can	
  be

grown	
  up	
  to	
  isolate	
  more	
  plasmid	
  DNA	
  if	
  necessary,	
  as	
  well	
  as	
  stocks	
  of	
  
plasmid	
  DNA	
  itself.	
  	
  

2. We	
  have	
  validated	
  that	
  the	
  PCR	
  primers	
  used	
  to	
  amplify	
  the	
  region	
  of	
  interest
work	
  correctly.	
  

3. We	
  have	
  also	
  validated	
  that	
  the	
  guide	
  RNAs	
  (gRNA)	
  can	
  successfully	
  deliver
Cas9	
  to	
  the	
  region	
  of	
  interest	
  using	
  the	
  Surveyor	
  nuclease	
  assay	
  (gel	
  shown	
  
below).	
  	
  

4. The	
  rationale	
  for	
  each	
  gRNA	
  and	
  each	
  ssDNA	
  donor	
  molecule	
  are	
  also	
  shown
below.	
  

5. We	
  have	
  successfully	
  transfected	
  JEB	
  patient	
  cells	
  using	
  the	
  Neon
transfection	
  system,	
  bulk	
  sorted,	
  and	
  isolated	
  genomic	
  DNA	
  on	
  more	
  than	
  
one	
  occasion.	
  	
  

gRNAs	
  

gRNA1:	
  
caccGCAATCTTACTCTTTGCATCT(AGG)	
  (opposite	
  strand)	
  
CGTTAGAATGAGAAACGTAGAcaaa	
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o Cut	
  site	
  is	
  25bp	
  upstream	
  of	
  CGA	
  à	
  TGA	
  mutation
o Reverse	
  complement:	
  (CCT)aaacAGATGCAAAGAGTAAGATTGC

Appended	
  cacc	
  on	
  top	
  strand	
  and	
  aaac	
  on	
  bottom	
  strand	
  for	
  integration	
  into	
  
plasmid	
  
Appended	
  G	
  before	
  start	
  of	
  20nt	
  guide	
  sequence	
  because	
  it	
  is	
  preferred	
  

gRNA2:	
  
caccGCCTCCTGCTCTGTGACTGCG(GGG)	
  (opposite	
  strand)	
  
CGGAGGACGAGACACTGACGCcaaa	
  

o Cut	
  site	
  is	
  20bp	
  downstream	
  of	
  CGA	
  à	
  TGA	
  mutation
o Reverse	
  complement:	
  (CCC)aaacCGCAGTCACAGAGCAGGAGGC

Appended	
  cacc	
  on	
  top	
  strand	
  and	
  aaac	
  on	
  bottom	
  strand	
  for	
  integration	
  into	
  
plasmid	
  
Appended	
  G	
  before	
  start	
  of	
  20nt	
  guide	
  sequence	
  because	
  it	
  is	
  preferred	
  

Surveyor	
  Primers	
  
• F:	
  CCTGTGACTGTGATTTCCGG

o Located	
  at	
  the	
  start	
  of	
  Exon	
  14
o GC	
  content:	
  11/20	
  à	
  55%

• R:	
  GCTTCCAGAACTGAACCTCA
o Located	
  in	
  intron
o GC	
  content:	
  10/20	
  à	
  50%

• For	
  gRNA1,	
  fragments	
  will	
  be	
  280bp	
  and	
  559bp
• For	
  gRNA2,	
  fragments	
  will	
  be	
  328bp	
  and	
  511bp

Gel	
  photo	
  above	
  is	
  of	
  a	
  Surveyor	
  nuclease	
  assay	
  to	
  determine	
  whether	
  the	
  
gRNAs	
  target	
  to	
  the	
  correct	
  site.	
  293T	
  cells	
  were	
  transfected	
  with	
  CRISPR-­‐Cas9	
  
vector	
  using	
  Lipofectamine,	
  genomic	
  DNA	
  was	
  isolated	
  from	
  transfected	
  cells,	
  
and	
  the	
  region	
  of	
  interest	
  was	
  PCR-­‐amplified.	
  The	
  100bp	
  ladder	
  is	
  shown	
  in	
  
lane	
  1.	
  The	
  circled	
  bands	
  show	
  the	
  Surveyor	
  nuclease	
  cutting	
  the	
  DNA	
  fragment	
  
into	
  two	
  fragments	
  of	
  the	
  expected	
  length	
  based	
  on	
  where	
  the	
  mutation	
  occurs	
  
in	
  the	
  region.	
  The	
  lane	
  to	
  the	
  right	
  of	
  each	
  lane	
  with	
  a	
  circled	
  band	
  is	
  the	
  same	
  
sample	
  run	
  without	
  Surveyor	
  nuclease.	
  This	
  gel	
  indicates	
  that	
  the	
  gRNAs	
  can	
  
successfully	
  target	
  Cas9	
  to	
  the	
  correct	
  location.	
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Genomic	
  Sequence	
  in	
  Patients	
  with	
  R635X	
  mutation	
  

Surveyor	
  Primers	
   Exon	
  14	
   Mutation	
  Site	
  (CàT)	
  	
   PAMs	
  (on	
  opposite	
  
strand)	
  gRNAs	
   Homology	
  Arms	
  for	
  Donor	
   DSB	
  site	
   Silent	
  blocking	
  
mutation	
  sites	
  

Note:	
  Downstream	
  homology	
  arm	
  includes	
  entire	
  gRNA2	
  sequence	
  when	
  using	
  gRNA1,	
  
but	
  gRNA2	
  was	
  marked	
  for	
  clarity.	
  When	
  using	
  gRNA2,	
  the	
  17bp	
  downstream	
  of	
  the	
  
cut	
  site	
  are	
  part	
  of	
  the	
  downstream	
  homology	
  arm.	
  

CCTGTGACTGTGATTTCCGGGGAACAGAGGGCCCGGGCTGCGACAAGGCATCAGGCCGCT
GCCTCTGCCGCCCTGGCTTGACCGGGCCCCGCTGTGACCAGTGCCAGCGAGGCTACTGTA
ATCGCTACCCGGTGTGCGTGGCCTGCCACCCTTGCTTCCAGACCTATGATGCGGACCTCCG
GGAGCAGGCCCTGCGCTTTGGTAGACTCCGCAATGCCACCGCCAGCCTGTGGTCAGGGCC
TGGGCTGGAGGACCGTGGCCTGGCCTCCCGGATCCTAGATGCAAAGAGTAAGATTGAGC
AGATCTGAGCAGTTCTCAGCAGCCCCGCAGTCACAGAGCAGGAGGTGGCTCAGGTGGCCA
GTGCCATCCTCTCCCTCAGGTAATTCCCTTTCCCTGCCAAGCATTTGCAAGAATTATGCT
CCAGGGGTTCCAGTACCGGGCATGCTGGTCCTTCCTTACATTTGTACAGTGCATTACAGT
TTAAAGGCATTTTCACAGTGCTCTCTCTTTCAACCATTACAACAGTCCTGTGAGGCTGGT
GTGGTTTTGCAGATGAGAAAACAGGCACAGACAGGTGATGTGACAGAGCCACATGACCA
CCGAAGGGCAGAGCTGGGCCTCAGAACACAGTCCAGGAGCCCAAGCCCAGCGTTCTTTTA
AGTGCCCAGTGCTGCCTGTGGGAGAGAGTCAGCTCTGGATTAGTCACCCTGGCGGAGGGC
ATCCGAGAGGCAGGGGCTCTAAAAATAACTCACGTGTGGCTTTGGAATGGAAGTTGGTC
CCGCCCACACCCCCATCCCACCAGCAGAGGTGCCTTCTTAGTGAGGTTCAGTTCTGGAAG
C	
  

Donor	
  Molecule	
  for	
  gRNA1	
  
TCA	
  GGG	
  CCT	
  GGG	
  CTG	
  GAG	
  GAC	
  CGT	
  GGC	
  CTG	
  GCA	
  TCC	
  CGG	
  ATT	
  CTG	
  GAT	
  
GCC	
  AAG	
  AGT	
  AAG	
  ATT	
  GAG	
  CAG	
  ATC	
  CGA	
  GCA	
  GTT	
  CTC	
  AGC	
  AGC	
  CCC	
  GCA	
  
GTC	
  ACA	
  GAG	
  CAG	
  GAG	
  GTG	
  GCT	
  CAG	
  GTG	
  GCC	
  AGT	
  GCC	
  ATC	
  CTC	
  TCC	
  CTC	
  
AG	
  

o CàT	
  mutation	
  corrected
§ BglII	
  site	
  eliminated	
  (AGATCTàAGATCC)	
  

o PAM	
  site	
  eliminated	
  by	
  creating	
  silent	
  mutation	
  (ATCàATT	
  are	
  both
isoleucine)	
  

§ BamHI	
  site	
  eliminated	
  by	
  ATCàATT	
  mutation	
  
(GGATCCàGGATTC)	
  

o Silent	
  blocking	
  mutations	
  introduced	
  in	
  gRNA	
  to	
  prevent	
  additional
cutting	
  

§ CTAàCTG	
  (still	
  leucine)	
  and	
  GCAàGCC	
  (still	
  alanine)	
  
o Homology	
  arms	
  are	
  42bp	
  upstream,	
  73bp	
  downstream
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Genomic	
  Sequence	
  in	
  Patients	
  with	
  R635X	
  mutation	
  

Surveyor	
  Primers	
   Exon	
  14	
   Mutation	
  Site	
  (CàT)	
  	
   PAMs	
  (on	
  opposite	
  
strand)	
  gRNAs	
   Homology	
  Arms	
  for	
  Donor	
   DSB	
  site	
   Silent	
  blocking	
  
mutation	
  sites	
  

Note:	
  Downstream	
  homology	
  arm	
  includes	
  entire	
  gRNA2	
  sequence	
  when	
  using	
  gRNA1,	
  
but	
  gRNA2	
  was	
  marked	
  for	
  clarity.	
  When	
  using	
  gRNA2,	
  the	
  17bp	
  downstream	
  of	
  the	
  
cut	
  site	
  are	
  part	
  of	
  the	
  downstream	
  homology	
  arm.	
  

CCTGTGACTGTGATTTCCGGGGAACAGAGGGCCCGGGCTGCGACAAGGCATCAGGCCGCT
GCCTCTGCCGCCCTGGCTTGACCGGGCCCCGCTGTGACCAGTGCCAGCGAGGCTACTGTA
ATCGCTACCCGGTGTGCGTGGCCTGCCACCCTTGCTTCCAGACCTATGATGCGGACCTCCG
GGAGCAGGCCCTGCGCTTTGGTAGACTCCGCAATGCCACCGCCAGCCTGTGGTCAGGGCC
TGGGCTGGAGGACCGTGGCCTGGCCTCCCGGATCCTAGATGCAAAGAGTAAGATTGAGC
AGATCTGAGCAGTTCTCAGCAGCCCCGCAGTCACAGAGCAGGAGGTGGCTCAGGTGGCCA
GTGCCATCCTCTCCCTCAGGTAATTCCCTTTCCCTGCCAAGCATTTGCAAGAATTATGCT
CCAGGGGTTCCAGTACCGGGCATGCTGGTCCTTCCTTACATTTGTACAGTGCATTACAGT
TTAAAGGCATTTTCACAGTGCTCTCTCTTTCAACCATTACAACAGTCCTGTGAGGCTGGT
GTGGTTTTGCAGATGAGAAAACAGGCACAGACAGGTGATGTGACAGAGCCACATGACCA
CCGAAGGGCAGAGCTGGGCCTCAGAACACAGTCCAGGAGCCCAAGCCCAGCGTTCTTTTA
AGTGCCCAGTGCTGCCTGTGGGAGAGAGTCAGCTCTGGATTAGTCACCCTGGCGGAGGGC
ATCCGAGAGGCAGGGGCTCTAAAAATAACTCACGTGTGGCTTTGGAATGGAAGTTGGTC
CCGCCCACACCCCCATCCCACCAGCAGAGGTGCCTTCTTAGTGAGGTTCAGTTCTGGAAG
C	
  

Donor	
  Molecule	
  for	
  gRNA2	
  
TCA	
  GGG	
  CCT	
  GGG	
  CTG	
  GAG	
  GAC	
  CGT	
  GGC	
  CTG	
  GCA	
  TCC	
  CGG	
  ATC	
  CTA	
  GAT	
  
GCA	
  AAG	
  AGT	
  AAG	
  ATT	
  GAG	
  CAG	
  ATC	
  CGA	
  GCA	
  GTT	
  CTC	
  AGC	
  AGT	
  CCT	
  GCA	
  
GTG	
  ACA	
  GAG	
  CAG	
  GAG	
  GTG	
  GCT	
  CAG	
  GTG	
  GCC	
  AGT	
  GCC	
  ATC	
  CTC	
  TCC	
  CTC	
  
AG	
  

o CàT	
  mutation	
  corrected
§ BglII	
  site	
  eliminated	
  (AGATCTàAGATCC)	
  

o PAM	
  site	
  eliminated	
  by	
  creating	
  silent	
  mutation	
  (AGCàAGT	
  are	
  both
serine)	
  

o Homology	
  arms	
  are	
  73bp	
  upstream,	
  47bp	
  downstream
o Silent	
  blocking	
  mutations	
  introduced	
  in	
  gRNA	
  to	
  prevent	
  additional

cutting
§ CCCàCCT	
  (still	
  proline)	
  and	
  GTCàGTG	
  (still	
  valine)	
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Cell	
  Sorting	
  

Representative	
  example	
  shown.	
  Note	
  significant	
  transfection	
  efficiency,	
  as	
  evidenced	
  
by	
  the	
  GFP	
  label	
  (blue)	
  in	
  right	
  hand	
  bottom	
  corner	
  (middle	
  row).	
  	
  

BD FACSDiva 8.0.1

Specimen_001-Sample 3 Printed on: Fri Sep 18, 2015 05:05:20 CDT
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Key	
  Research	
  Accomplishments	
  
1. Developed a robust and reliable protocol to derive mesenchymal cells from iPSC.
2. Established that mouse GFP+ donor cells engrafted long term (at least 10 weeks)

and in both major layers of skin, epidermis and dermis, in C57/Bl6 GFP
transgenic mice.

3. Isolated human mesenchymal stem/stromal cells (Lin-, PDGFRa+) and
transplanted them into immune-deficient NOD/IL-2Rγc/Rag-/- (NOG) mice.
After 1 week donor cells were observed in non-injured skin.

4. Designed gene editing reagents for homology-driven repair of JEB-causing
mutation.

5. Proceeded with optimization of these gene editing reagents.

Reportable	
  Outcomes	
  
1. Perdoni	
  C,	
  McGrath	
  JA,	
  Tolar	
  J.	
  Preconditioning	
  of	
  mesenchymal	
  stem	
  cells

for	
  improved	
  transplantation	
  efficacy	
  in	
  recessive	
  dystrophic	
  epidermolysis
bullosa.	
  Stem	
  Cell	
  Res	
  Ther.	
  2014	
  Nov	
  6;5(6):121.
http://stemcellres.com/content/5/6/121.	
  PMID:	
  25376815

2. Vanden	
  Oever	
  MJ,	
  Tolar	
  J.	
  Advances	
  in	
  understanding	
  and	
  treating	
  dystrophic
epidermolysis	
  bullosa.	
  F1000Prime	
  Rep.	
  2014	
  May	
  6;6:35.
http://dx.doi.org/10.12703/p6-­‐35.	
  PMID:	
  24860657.	
  PMCID:	
  PMC4017907.

Conclusion	
  
Severe	
  generalized	
  epidermolysis	
  bullosa	
  (EB)	
  is	
  an	
  extremely	
  painful,	
  quality-­‐of-­‐
life	
  destroying	
  incurable	
  inherited	
  skin	
  blistering	
  disorder.	
  Although	
  systemic	
  
therapy	
  in	
  the	
  form	
  of	
  allogeneic	
  bone	
  marrow	
  transplant	
  has	
  shown	
  beneficial	
  
effects	
  with	
  recessive	
  dystrophic	
  epidermolysis	
  bullosa	
  (RDEB),	
  this	
  therapy	
  has	
  not	
  
proven	
  as	
  effective	
  for	
  patients	
  with	
  one	
  of	
  the	
  most	
  severe	
  forms	
  of	
  EB,	
  Junctional	
  
EB	
  (JEB).	
  To	
  accomplish	
  the	
  main	
  goal	
  of	
  the	
  study,	
  we	
  proposed	
  to	
  develop	
  a	
  
genome	
  editing	
  strategy	
  for	
  JEB	
  patient-­‐specific	
  iPSCs	
  using	
  ZFN-­‐induced	
  
homologous	
  recombination,	
  which	
  is	
  then	
  followed	
  by	
  the	
  differentiation	
  of	
  
genetically	
  corrected	
  iPSC	
  into	
  keratinocytes	
  and	
  mesenchymal	
  cells	
  suitable	
  for	
  
autologous	
  transplantation.	
  We	
  proposed	
  to	
  employ	
  both	
  the	
  mouse	
  model	
  for	
  JEB	
  
to	
  address	
  the	
  immunogenicity	
  of	
  iPSCs-­‐based	
  therapy,	
  as	
  well	
  as	
  actual	
  human	
  
samples	
  to	
  move	
  the	
  study	
  closer	
  to	
  the	
  clinical	
  trial.	
  

The	
  key	
  accomplishments	
  are	
  induction	
  of	
  mesenchymal	
  stromal/stem	
  cells	
  from	
  of	
  
induced	
  pluripotent	
  stem	
  cell,	
  skin	
  engraftment	
  of	
  mesenchymal	
  stromal/stem	
  cells	
  
derived	
  from	
  mouse	
  and	
  human,	
  and	
  gene	
  editing	
  of	
  the	
  JEB-­‐causing	
  mutation.	
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