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Results 

Summary 

1.   Using	
  RIP-­‐GCAMP6-­‐IRES-­‐INSLUC	
  transduced	
  EndoC-­‐βH1	
  allows	
  to	
  visualize	
  calcium	
  influx	
  in-­‐vitro	
  upon	
  different	
  sOmuli.	
  
	
  

2.	
  Using	
  RIP-­‐GCAMP6-­‐IRES-­‐INSLUC	
  transduced	
  EndoC-­‐βH1	
  cells,	
  luciferase	
  can	
  be	
  detected	
  in	
  the	
  media	
  aRer	
  glucose	
  challenge	
  with	
  sensiOvity	
  
comparable	
  to	
  the	
  ultrasensiOve	
  c-­‐pepOde	
  ELISA	
  

3.	
  Using	
  the	
  CRISPR-­‐CAS9	
  system	
  to	
  target	
  GCAMP6	
  and	
  an	
  INS-­‐luciferase	
  fusion	
  protein	
  into	
  the	
  human	
  INS	
  locus	
  in	
  a	
  human	
  iPS	
  cell	
  line.	
  

1.	
  GeneraOon	
  of	
  calcium	
  and	
  insulin	
  secreOon	
  dual-­‐reporter	
  using	
  	
  the	
  human	
  β-­‐cell	
  line	
  EndoC-­‐BH1	
  

B.	
  Strategy	
  for	
  generaOon	
  of	
  	
  an	
  Insulin	
  reporter	
  cell	
  line	
  

Generate	
  pla:orms,	
  both	
  
human	
  β-­‐cell	
  line	
  and	
  human	
  
iPS	
  cell	
  line	
  based,	
  to	
  allow	
  
interrogaDon	
  of	
  beta	
  cell	
  
acDvaDon	
  by	
  following	
  
calcium	
  flux	
  and	
  secreDon	
  of	
  
luciferase	
  a	
  a	
  surrogate	
  for	
  
insulin	
  secreDon.	
  

•  The	
  use	
  of	
  a	
  human	
  β-­‐cell	
  line	
  (EndoC-­‐BH1)	
  transduced	
  with	
  a	
  lenDvirus	
  expressing	
  GCAMP6	
  allows	
  the	
  
real	
  Dme	
  analysis	
  of	
  calcium	
  signaling	
  upon	
  sDmulaDon	
  with	
  different	
  sDmuli.	
  

•  The	
  Gaussia-­‐Luciferase	
  assay	
  used	
  to	
  quanDfy	
  the	
  insulin-­‐luciferase	
  fusion	
  protein	
  accurately	
  reflects	
  
insulin	
  secreDon	
  and	
  is	
  highly	
  sensiDve,	
  comparable	
  to	
  the	
  quanDficaDon	
  of	
  c-­‐pepDde	
  using	
  the	
  ultrahigh	
  
sensiDvity	
  ELISA.	
  

•  The	
  use	
  of	
  CRISPR-­‐CAS9	
  system	
  allows	
  the	
  highly	
  efficient	
  generaDon	
  of	
  a	
  human	
  iPS	
  cell	
  line	
  with	
  both	
  
GCAMP6	
  and	
  preproinsulin-­‐luciferase	
  fusion	
  protein	
  targeted	
  into	
  the	
  endogenous	
  insulin	
  locus.	
  	
  

Screening	
  for	
  indels	
  in	
  WT	
  allele	
  

2.	
  GeneraOon	
  of	
  reporter	
  human	
  iPS	
  cell	
  line	
  using	
  the	
  CRISPR-­‐CAS9	
  nuclease	
  system.	
  

A.	
  TransducDon	
  of	
  a	
  lenDvirus	
  carrying	
  GCAMP6	
  and	
  Preproinsulin-­‐luciferase	
  transgenes.	
  	
  

B.	
  Live	
  cell	
  imaging	
  strategy	
  to	
  examine	
  calcium	
  signaling	
  in	
  EndoC-­‐BH1	
  transgenic	
  line	
  under	
  different	
  sDmuli.	
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A.	
  TargeOng	
  Strategy	
  

One	
  challenge	
   in	
  the	
  generaDon	
  of	
  a	
  biomimeDc	
  human	
   islet	
   is	
  
to	
  assay	
  beta	
  cell	
  funcDonality	
  in	
  real	
  Dme	
  in	
  a	
  scalable	
  manner.	
  
To	
   follow	
   beta	
   cell	
   funcDonality	
   in	
   such	
   systems,	
   we	
   have	
  
generated	
   a	
   transgenic	
   human	
   beta	
   cell	
   line	
   and	
   iPS	
   cell	
   line.	
  	
  
These	
   lines	
   express	
   the	
   calcium	
   sensor	
   GCAMP6	
   as	
   well	
   as	
   a	
  
fusion	
   protein	
   between	
   preproinsulin	
   and	
   luciferase.	
   GCAMP6	
  
expression	
   allows	
   interrogaDon	
   of	
   calcium	
   flux	
   via	
   simple	
  
fluorescence	
   intensity	
   which	
   does	
   not	
   require	
   complex	
   and	
  
expensive	
  microscopy	
  setups	
  needed	
  for	
  dye	
  based	
  systems.	
   In	
  
dye	
  based	
  systems	
  it	
  is	
  also	
  difficult	
  to	
  disDnguish	
  between	
  beta	
  
and	
   non-­‐beta	
   cells	
   in	
   mixed	
   differenDaDon	
   cultures	
   which	
   is	
  
avoided	
   by	
   using	
   an	
   INS	
   locus	
   knock-­‐in	
   strategy.	
   The	
  
preproinsulin-­‐luciferase	
  fusion	
  protein	
  allows	
  insulin	
  secreDon	
  to	
  
be	
  monitored	
  by	
  a	
  simple	
  and	
  inexpensive	
  luciferase	
  assay	
  that	
  
is	
  more	
   amenable	
   to	
   scaling.	
   These	
   tools	
   will	
   be	
   invaluable	
   to	
  
test	
  beta	
  cell	
  funcDonality	
  in	
  various	
  bioengineered	
  devices.	
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LenDvirus	
  transducDon	
  in	
  EndoC-­‐BH1	
  cell	
  line	
  is	
  highly	
  efficient	
  and	
  GFP+	
  
cells	
  respond	
  to	
  sDmuli.	
  	
  	
  

EndoC-­‐BH1-­‐GCAMP6	
  cells	
  show	
  changes	
  in	
  GFP	
  intensity	
  upon	
  different	
  sDmuli	
  

GFP	
  intensity	
  can	
  be	
  monitored	
  in	
  single	
  cells	
  over	
  Ome.	
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CondiOon	
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#	
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  targeted	
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By	
  tesOng	
  both	
  CAS9	
  Nickase	
  and	
  CAS9	
  and	
  OtraOng	
  down	
  the	
  amount	
  of	
  gRNA’s	
  and	
  CAS9	
  used,	
  we	
  observed	
  that	
  the	
  targeOng	
  efficiency	
  is	
  similar	
  or	
  beaer	
  at	
  
low	
  concentraOons	
  of	
  CAS9/gRNA.	
  Lower	
  levels	
  of	
  CAS9/gRNA	
  do	
  decrease	
  indel	
  formaOon	
  in	
  the	
  non-­‐targeted	
  allele	
  .	
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