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  for	
  RDEB	
  and	
  JEB	
  
What	
  have	
  we	
  learned,	
  and	
  what	
  do	
  we	
  do	
  next?	
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How	
  does	
  BMT	
  work	
  in	
  EB?	
  

Donated	
  cells	
  
given	
  to	
  paBent	
  
via	
  bloodstream	
  

Blood-­‐producing	
  
stem	
  cells	
  
taken	
  from	
  

donor	
  

Donated	
  cells	
  circulate	
  through	
  the	
  recipient’s	
  
body	
  and	
  produce	
  missing	
  collagen	
  

Donated	
  cells	
  engraF	
  in	
  bone	
  marrow	
  and	
  
produce	
  healthy	
  cells	
  

Hypothesis	
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  PNAS	
  2010	
  Kataoka	
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Körbling	
  NEJM	
  2002	
  

Do	
  bone	
  marrow	
  cells	
  engraF	
  in	
  skin?	
  



Does	
  BMT	
  work	
  in	
  EB?	
  

Blood 2009 



Should	
  we	
  do	
  BMT	
  for	
  EB?	
  
Systemic	
  impacts	
  of	
  EB	
  

•  Internal	
  surfaces	
  
•  Pain	
  
•  Itch	
  
•  Fibrosis	
  
•  Anemia	
  
•  MalnutriBon	
  
•  Autoimmunity	
  
•  DenBBon	
  
•  Kidney	
  
•  Heart	
  



Is	
  BMT	
  reasonably	
  safe?	
  
•  UMN	
  InsBtuBonal	
  Review	
  Board	
  
•  External	
  review	
  boards	
  

Protocol	
  
and	
  

paBent	
  
safety	
  

PaBent	
  
review	
  

Hiroshi	
  Shimizu,	
  MD,	
  PhD	
  
Katsuto	
  Tamai,	
  MD,	
  PhD	
  



How	
  do	
  we	
  do	
  BMT	
  for	
  EB?	
  

• FDA	
  InvesBgaBonal	
  New	
  Drug	
  IND	
  14166	
  
• Clinical	
  Trials	
  (clinicaltrials.gov):	
  

• BMT	
  for	
  Severe	
  EB	
  (high	
  dose):	
  NCT00478244	
  -­‐	
  closed	
  
• MSCs	
  for	
  Severe	
  EB:	
  NCT02581775	
  
•  Skin	
  graKing	
  –	
  using	
  BMT	
  donor	
  skin:	
  NCT02670837	
  
• BMT	
  for	
  Severe	
  EB	
  (low	
  dose/haplo	
  donor):	
  NCT0103355	
  

AdapBve	
  Clinical	
  Trial	
  –	
  2007	
  to	
  present	
  
	
  Safety	
  &	
  effecBveness	
  



EngraFment:	
  presence	
  of	
  donor	
  cells	
  in	
  paBent’s	
  skin	
  

How	
  do	
  we	
  know	
  if	
  it	
  works?	
  
MulBple	
  measurements	
  made	
  at	
  set	
  Bmepoints:	
  



How	
  do	
  we	
  know	
  if	
  it	
  works?	
  

Visual	
  and	
  
anBbody	
  

idenBficaBon	
  
of	
  anchoring	
  

fibrils	
  
(electron	
  

microscopy)	
  



Persistence:	
  anchoring	
  fibrils:	
  7	
  years	
  aFer	
  BMT	
  
How	
  do	
  we	
  know	
  if	
  it	
  works?	
  



Skin	
  strength	
  (blistering	
  machine)	
  
CorrelaBon	
  of	
  skin	
  strength	
  with	
  skin	
  engraFment	
  

How	
  do	
  we	
  know	
  if	
  it	
  works?	
  



PaBent	
  and	
  parent	
  report	
  (iScorEB)	
  

How	
  do	
  we	
  know	
  if	
  it	
  works?	
  

“He	
  is	
  standing,	
  taking	
  steps	
  
with	
  support,	
  and	
  becoming	
  
acUve	
  again.”	
  

“Today	
  he	
  ate	
  Chex,	
  ice	
  cream,	
  
melon,	
  yogurt,	
  popcorn,	
  nachos	
  
and	
  cheese,	
  soK	
  shell	
  taco,	
  a	
  
chocolate	
  chip	
  cookie,	
  chips	
  and	
  
salsa,	
  and	
  cereal	
  with	
  milk.”	
  



Parent	
  report	
  of	
  esBmated	
  impact	
  on	
  Bme	
  and	
  money	
  

How	
  do	
  we	
  know	
  if	
  it	
  works?	
  

•  5-­‐10	
  fold	
  reducBon	
  in	
  bandages	
  
•  Reduced	
  Bme	
  bandaging	
  
•  Fewer	
  anBbioBcs	
  and	
  surgical	
  
intervenBons	
  

CondiBoning	
   Transfusions	
   Hospital	
  days	
  
High	
  dose	
   22.3	
   74.5	
  
Low	
  dose	
   6.3	
   38	
  

P=0.003	
   P=0.01	
  



How	
  do	
  we	
  know	
  if	
  it	
  works?	
  



How	
  do	
  we	
  know	
  if	
  it	
  works?	
  



How	
  do	
  we	
  know	
  if	
  it	
  works?	
  



Why	
  does	
  the	
  trial	
  change?	
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Trial 1 Trial 2 Trial 3 

Overall	
  2-­‐year	
  survival	
  =	
  75%	
  

Total Patients 

Deaths 

Transplant-related death 

High dose High dose 
& MSCs 

Low dose 
& MSCs 



Should	
  we	
  do	
  BMT	
  for	
  RDEB?	
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Trial 1 Trial 2 Trial 3 

Clinical	
  Improvement	
  	
  
Total Patients 

Major Improvement 

Moderate Improvement 

Minimal Improvement 

High dose High dose 
& MSCs 

Low dose 
& MSCs 



40x	
  
BM165	
  

23%	
  donor	
  in	
  skin	
  
BSA	
  90%	
  before	
  	
  
	
  	
  	
  	
  <	
  5%	
  aFer	
  

	
  

Should	
  we	
  do	
  BMT	
  for	
  LAMA3	
  JEB?	
  



40x	
  
BM165	
  

50%	
  donor	
  in	
  skin	
  
BSA	
  75%	
  before	
  	
  

<	
  50%	
  aFer	
  
	
  

Should	
  we	
  do	
  BMT	
  for	
  LAMA3	
  JEB?	
  



Is	
  HCT	
  a	
  cure	
  for	
  EB?	
  

• No	
  	
  
• However,	
  thus	
  far…only	
  clinical	
  
intervenBon	
  shown	
  to:	
  

•  Correct	
  the	
  systemic	
  disease	
  pathology	
  
of	
  RDEB	
  

•  Have	
  potenUal	
  to	
  improve	
  overall	
  
quality	
  of	
  life	
  



New	
  BMT	
  protocols	
  for	
  severe	
  EB	
  
1.	
  HematopoieBc	
  cells	
  

•  HaploidenUcal	
  graKs	
  
	
  

2.	
  Mesenchymal	
  stromal	
  cells	
  
•  Three	
  serial	
  infusions	
  

	
  

3.	
  Epidermal	
  cells	
  	
  
•  Skin	
  graKing	
  from	
  HCT	
  donor	
  	
  
•  Skin	
  graKing	
  from	
  mosaic	
  skin	
  

	
  





COL7A1	
  
Burden	
  of	
  
disease	
  

InfecBons	
  

MalnutriBon	
  

Genomic	
  polymorphisms	
  
(modifiers)	
  

Chronic	
  wounds	
  

MutaBons	
  
(founders)	
  

Economic	
  burden	
  
Wound	
  care	
  

Transplant	
  

Societal	
   Ethical	
  

Biomedical	
  Moment	
  

CLINICAL	
  DECISION	
  

Eligibility	
  

Personality	
  of	
  child	
  

FAMILY	
  
External	
  Advisory	
  Panel	
  

EmoBonal	
  support	
  

SupporBve	
  care	
  



Damage	
  

Resilience	
  

Early	
  Late	
  

Not	
  the	
  same	
  disease…	
  
Not	
  the	
  same	
  intervenBon	
  

Birth	
  

Adulthood	
  

Childhood	
  



Cycle	
  of	
  learning	
  

CLINICAL	
  DECISION	
   Transplant	
  

Outcome	
  
Measures	
  New	
  InformaBon	
  

Learn	
  	
  
from	
  	
  
Every	
  
PaBent	
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CombinaBon	
  therapy	
  for	
  RDEB	
  



Cycle	
  of	
  learning	
  

CLINICAL	
  DECISION	
   Transplant	
  

Outcome	
  
Measures	
  New	
  InformaBon	
  

Learn	
  	
  
from	
  	
  
Every	
  
PaBent	
  



Follow-­‐up	
  and	
  assessment	
  over	
  Bme	
  
1.  Biomarkers:	
  C7,	
  skin	
  engraKment,	
  

anchoring	
  fibrils	
  
2.  Skin	
  strength	
  
3.  Wound	
  healing,	
  SCC	
  
4.  Time	
  in	
  hospital	
  
5.  Quality	
  of	
  life	
  (iScorEB)	
  



Cycle	
  of	
  learning	
  

CLINICAL	
  DECISION	
   Transplant	
  

Outcome	
  
Measures	
  New	
  InformaBon	
  

Learn	
  	
  
from	
  	
  
Every	
  
PaBent	
  



Learn	
  	
  
from	
  	
  
Every	
  
PaBent	
  

Good	
  outcomes	
  

Poor	
  outcomes	
  



Cycle	
  of	
  learning	
  

CLINICAL	
  DECISION	
   Transplant	
  

Outcome	
  
Measures	
  New	
  InformaBon	
  

Learn	
  	
  
from	
  	
  
Every	
  
PaBent	
  



2009	
   2017	
  2015	
  2014	
  2012	
  

Cell	
  projects	
  

Gene	
  projects	
  

2009	
  
	
  BMT	
  in	
  

RDEB	
  mice	
  

2010	
  
BMT	
  in	
  

people	
  with	
  
RDEB	
  (N=7)	
  

2011	
  
iPSCs	
  from	
  
human	
  

RDEB	
  cells	
  

2013	
  
	
  iPSCs	
  from	
  
human	
  JEB	
  

cells	
  

2014	
  
iPSCs	
  from	
  
human	
  
mosaic	
  

RDEB	
  cells	
  

2017	
  
BMT	
  in	
  

people	
  with	
  
RDEB	
  (N=30)	
  
(in	
  review)	
  

2013	
  
COL7A1	
  gene	
  
ediUng	
  with	
  
TALENs	
  

2016	
  	
  
C7	
  is	
  

regulated	
  by	
  
mir-­‐29	
  

2016	
  
COL7A1	
  gene	
  
ediUng	
  with	
  
CRISPR/Cas9	
  

2017	
  
Col7a1	
  null	
  
mice	
  for	
  
transfer	
  of	
  
human	
  cells	
  

What	
  more	
  should	
  we	
  do	
  for	
  EB?	
  

2013	
   2016	
  2011	
  2010	
  



Transplant	
  helps	
  
ease	
  the	
  

symptoms	
  of	
  
children	
  with	
  

RDEB	
  

NEXT?	
  

First	
  in	
  human	
  

PaBents	
  have	
  
persistent	
  wounds,	
  

even	
  aFer	
  
transplant:	
  

use	
  skin	
  graFing	
  

First	
  in	
  EB	
  paBents	
  

PaBents	
  given	
  
stromal	
  cells	
  

from	
  donor	
  aFer	
  
hematopoieBc	
  
cell	
  transplant	
  

Correct	
  COL7A1	
  by	
  
CRISPR/Cas9	
  ediBng	
  
in	
  iPSC	
  and	
  iPSC-­‐
HSC/MSC/KC	
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