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why	
  monitor?	
  

Progression	
  of	
  disease	
  drama3cally	
  
affected	
  by	
  treatment	
  with	
  cysteamine.	
  
	
  
“The	
  target	
  leukocyte	
  cys3ne	
  content	
  is	
  	
  
<1.0	
  nmol	
  of	
  half-­‐cys3ne	
  per	
  mg	
  protein.”	
  

(Not	
  controversial.)	
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target	
  range	
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earliest	
  treatment/	
  earliest	
  measurement	
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pre-­‐symptoma3c	
  diagnosis/	
  screening	
  

•  Screening	
  =	
  Popula0on-­‐based	
  
–  e.g.	
  newborn	
  screening,	
  Pap	
  smear,	
  mammograms	
  

•  Carrier	
  tes0ng	
  
–  e.g.	
  Dor	
  Yeshorim	
  for	
  Tay	
  Sachs	
  carriers	
  in	
  orthodox	
  Jewish	
  
communi0es	
  

•  Presymptoma0c	
  tes0ng	
  
–  e.g.	
  pregnancy	
  in	
  progress	
  in	
  family	
  at	
  risk	
  
	
  for	
  cys0nosis	
  

•  Preimplanta0on	
  diagnosis	
  
–  e.g.	
  planned	
  pregnancy	
  in	
  family	
  at	
  risk	
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pre-­‐symptoma3c	
  diagnosis/	
  screening	
  

•  How	
  soon	
  to	
  test	
  post-­‐natal?	
  
–  No	
  increased	
  storage	
  at	
  birth,	
  or	
  at	
  least	
  non-­‐diagnos0c.	
  
Customary	
  to	
  wait…	
  how	
  long?	
  

•  Feasible	
  in	
  utero?	
  
–  Biochemical:	
  CVS	
  
…	
  but	
  risk	
  to	
  fetus	
  unwarranted	
  
unless	
  info	
  used	
  to	
  inform	
  decision	
  
to	
  terminate	
  

–  Gene0c:	
  CVS	
  or	
  amino	
  –	
  or	
  NIPT	
  
(non-­‐invasive	
  prenatal	
  tes0ng,	
  cell-­‐	
  
free	
  DNA	
  in	
  maternal	
  circula0on)	
  
…with	
  same	
  proviso	
  

–  Gene0c:	
  Preimplanta0on	
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pre-­‐symptoma3c	
  diagnosis/	
  screening	
  

•  Common	
  57b	
  kb	
  dele3on	
  found	
  to	
  also	
  delete	
  CARKL	
  
(SHPK)	
  (Touchman	
  et	
  al.,	
  2000;	
  Phornphutkul	
  	
  et	
  al.,	
  2001)	
  
and	
  extend	
  into	
  TRPV1	
  (Freed	
  et	
  al.,	
  2001).	
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sedoheptulokinase	
  

D-­‐Ribose	
  5-­‐phosphate	
  D-­‐Xylulose	
  5-­‐phosphate	
  

Sedoheptulose	
  7-­‐phosphate	
  

D-­‐Erythrose	
  4-­‐phosphate	
  

Glyceraldehyde	
  3-­‐phosphate	
  

TALDO1	
  

TKT	
  

D-­‐Sedoheptulose,	
  
Volemulose	
  

SHPK,	
  
CARKL	
  

D-­‐Fructose	
  6-­‐phosphate	
  

KDIGO



KDIGO Cystinosis Conference   |   December 11-13, 2014   |   Lisbon, Portugal 

sedoheptulokinase	
  deficiency	
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pre-­‐symptoma3c	
  diagnosis/	
  screening	
  

•  Feasible	
  screening?	
  	
  Biomarker	
  for	
  57	
  kb	
  dele0on.	
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ctns	
  muta3ons	
  
Missense/nonsense	
   50	
  

Splicing	
   15	
  

Regulatory	
   2	
  	
  

Small	
  dele3ons	
   24	
  

Small	
  inser3ons	
   10	
  

Small	
  indels	
   4	
  

Gross	
  dele3ons	
   12	
  

Gross	
  inser3ons	
   0	
  

Complex	
   0	
  

Repeats	
   0	
  

 
 

The	
  Human	
  Gene	
  Muta0on	
  Database	
  
at	
  the	
  Ins0tute	
  of	
  Medical	
  Gene0cs	
  in	
  Cardiff	
  
21-­‐Nov-­‐2014	
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common	
  muta3ons/	
  uncommon	
  muta3ons	
  

•  Owen,	
  et	
  al.	
  	
  Common	
  muta0on	
  causes	
  cys0nosis	
  in	
  the	
  majority	
  of	
  black	
  South	
  African	
  
pa0ents.	
  Pediatr	
  Nephrol	
  2014	
  

–  19/20	
  pts:	
  CTNS	
  c.971-­‐12G > A	
  p.D324AfsX44,	
  intron	
  11	
  out-­‐of-­‐frame	
  10-­‐bp	
  ins.	
  16/19	
  homozygous.	
  	
  
•  Shahkarami,	
  et	
  al.	
  The	
  first	
  molecular	
  gene0cs	
  analysis	
  of	
  individuals	
  suffering	
  from	
  

nephropa0c	
  cys0nosis	
  in	
  the	
  Southwestern	
  Iran.	
  Nefrologia	
  2013;33:308-­‐15.	
  
–  0/25	
  pts	
  had	
  the	
  57	
  kb	
  dele3on	
  (het	
  or	
  homo).	
  1/25	
  hom	
  novel	
  mut,	
  c.153-­‐155insCT,	
  1/25	
  hom	
  and	
  

1/25	
  cpd	
  het	
  with	
  c.923G>A.	
  Also	
  three	
  known	
  muts:	
  c.18-­‐21delGACT,	
  c.1017G>A,	
  and	
  c.681G>A	
  in	
  
11/25.	
  No	
  mut	
  	
  detected	
  in	
  11/25	
  pts.	
  

•  Topaloglu	
  et	
  al.	
  Gene0c	
  basis	
  of	
  cys0nosis	
  in	
  Turkish	
  pa0ents:	
  a	
  single-­‐center	
  experience.	
  
Pediatr	
  Nephrol.	
  2012	
  27(1):115-­‐21.	
  	
  

–  0/12	
  pa3ents	
  had	
  the	
  57-­‐kb	
  dele3on.	
  4	
  known	
  varia3ons	
  (c.140+1	
  G>T,	
  c.1015	
  G>A	
  (p.G339R)	
  ,	
  c.
18_21del	
  GACT	
  (p.T7FX7),	
  c.681	
  G>A	
  (p.E227E)),	
  5	
  new	
  variants:	
  a	
  10-­‐kb	
  dele3on	
  (c.
62-­‐1083_551del10217bp),	
  3	
  missense	
  variants	
  (c.518A>G	
  (p.Y173C),	
  c.451A>G	
  (p.R151G),	
  c.470	
  G>A	
  
(p.G157D)),	
  and	
  a	
  nucleo3de	
  subs3tu3on	
  in	
  a	
  poten3al	
  branch	
  point	
  site	
  of	
  intron	
  4	
  (c.141-­‐22a>g).	
  	
  

•  Soliman,	
  et	
  al.	
  Muta0onal	
  Spectrum	
  of	
  the	
  CTNS	
  Gene	
  in	
  Egyp0an	
  Pa0ents	
  with	
  
Nephropathic	
  Cys0nosis.	
  JIMD	
  Rep	
  2014	
  

–  0/15	
  pa3ents	
  had	
  57-­‐kb	
  dele3on;	
  27	
  mutant	
  alleles	
  and	
  12	
  pathogenic	
  muta3ons	
  detected,	
  incl.	
  6	
  
novel	
  muta3ons.	
  

•  Mason	
  et	
  al.	
  Muta0onal	
  spectrum	
  of	
  the	
  CTNS	
  gene	
  in	
  Italy.	
  EJHG	
  2003	
  11,	
  503–508.	
  
–  57-­‐kb	
  dele3on	
  only	
  in	
  17%	
  of	
  84	
  chromosomes.	
  	
  Several	
  splice	
  site	
  muta3ons.	
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pre-­‐symptoma3c	
  diagnosis/	
  screening	
  

•  Biomarker	
  for	
  57	
  kb	
  dele0on:	
  Ethnically	
  targeted?	
  
	
  

1.	
  	
  Categories	
  of	
  race/ethnicity	
  are	
  social	
  constructs,	
  therefore,	
  observed	
  or	
  
self-­‐iden3fied	
  broad	
  racial/ethnic	
  categories	
  are	
  not	
  necessarily	
  reliable	
  
indicators	
  of	
  geographic	
  ancestry	
  or	
  gene3c	
  risk.	
  	
  
2,	
  Targe3ng	
  based	
  on	
  ethnicity	
  poses	
  serious	
  issues	
  of	
  logis3cs	
  and	
  equity	
  
for	
  public	
  health	
  programs	
  and	
  clinical	
  services.	
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pre-­‐symptoma3c	
  diagnosis/	
  screening	
  

www.census.gov	
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pre-­‐symptoma3c	
  diagnosis/	
  screening	
  

•  Can	
  apply	
  a	
  “universal”,	
  “comprehensive”	
  panel	
  of	
  
muta3ons,	
  but	
  a)	
  always	
  changing,	
  b)	
  inherently	
  
discriminatory	
  and	
  disenfranchising	
  for	
  rare	
  minori3es.	
  

•  Beper	
  at	
  present	
  is	
  to	
  first	
  use	
  a	
  (less	
  specific)	
  biomarker,	
  
and	
  then	
  use	
  such	
  a	
  muta3on	
  panel	
  to	
  confirm	
  findings,	
  
e.g.	
  immunoreac3ve	
  trypsinogen	
  for	
  cys3c	
  fibrosis.	
  	
  	
  

•  Presently	
  no	
  such	
  biomarker	
  exists	
  for	
  cys3nosis….	
  
•  Things	
  are	
  changing	
  quickly	
  with	
  regard	
  to	
  

comprehensiveness	
  of	
  gene3c/	
  genomic	
  screening.	
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op3mal	
  technique	
  for	
  tes3ng	
  

•  Amino	
  acid	
  analyzer-­‐	
  soon	
  proved	
  insufficiently	
  
sensi3ve.	
  

•  Cys3ne	
  binding	
  protein-­‐	
  very	
  demanding,	
  slow	
  
throughput	
  limited	
  supply.	
  	
  	
  

•  Tandem	
  mass	
  spectrometry	
  (LC-­‐MS/MS)-­‐	
  the	
  
methodology	
  of	
  choice	
  presently.	
  KDIGO
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op3mal	
  technique	
  for	
  tes3ng	
  

•  Stabiliza3on	
  of	
  -­‐SH:	
  inhibi3on	
  of	
  disulfide	
  exchange	
  
–  N-­‐Ethylmaleimide:	
  method	
  of	
  choice	
  
–  Acidic	
  storage	
  (e.g.	
  sulfosalicylic	
  acid):	
  may	
  suffice	
  and	
  may	
  
be	
  favored	
  when	
  cell	
  isola3on	
  is	
  done	
  at	
  a	
  remote	
  
loca3on.	
  

•  Stable	
  isotope	
  dilu3on:	
  preferable	
  with	
  LC-­‐MS/MS	
  	
  
•  Quan3fica3on	
  of	
  protein	
  may	
  be	
  the	
  bigger	
  issue	
  in	
  
the	
  analy3cal	
  phase.	
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“Comparison of BCA and Lowry total protein assay values, using a bovine serum albumin 
standard, from 106 clinical samples from patients with cystinosis, revealed a significant and 
consistent difference in values from identical samples. The mean and standard deviation of the 
ratio between BCA and Lowry results over all samples was 0.65±0.07. 
Discovery of the discrepancy in total protein values allowed values to be normalized and the 
study to proceed.  We suspect that the discrepancies observed are based on variable assay 
sensitivity to different protein types, as has been noted…”	
  
	
  
Though	
  Lowry	
  method	
  and	
  bicinchoninic	
  acid	
  (BCA)	
  method	
  agreed	
  perfectly	
  
well	
  on	
  BSA	
  standards	
  and	
  on	
  ERNDIM	
  protein	
  unknowns	
  (which	
  were	
  simply	
  
BSA),	
  there	
  were	
  differen3al	
  responses	
  of	
  the	
  two	
  methods	
  when	
  used	
  on	
  
leukocyte	
  lysates.	
  

denominator	
  effects	
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“Because	
  we	
  observed	
  a	
  clear	
  difference	
  between	
  cys3ne	
  content	
  in	
  ML	
  prepara3ons	
  
and	
  PMN	
  cells,	
  we	
  suggest	
  that	
  each	
  laboratory	
  produces	
  its	
  own	
  reference	
  values	
  
based	
  on	
  the	
  upper	
  cys3ne	
  values	
  found	
  in	
  heterozygotes.”	
  

denominator	
  effects/	
  op3mal	
  prep	
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op3mal	
  prep/storage	
  	
  
•  Problem	
  is	
  in	
  pre-­‐analy0cal	
  phase,	
  i.e.	
  cell	
  prep	
  

–  Erra0c	
  results	
  with	
  prolonged	
  storage	
  of	
  whole	
  blood	
  
–  Some	
  an0coagulants	
  are	
  beZer	
  than	
  others-­‐	
  ACD	
  

•  Differences	
  in	
  protein	
  recovery	
  depending	
  upon	
  an0coagulant	
  	
  

	
  

Fidler	
  et	
  al.,	
  2011,	
  	
  
unpublished	
  

0.0 

50.0 

100.0 

150.0 

200.0 

250.0 

Li Hep Na Hep ACD EDTA 

% 

Anticoagulant 

Changes in leukocyte cystine content 
after 24 hours storage at room 

temperature and 4ºC 

baseline 
24h room temp  
24h 4ºC 
48h 4ºC KDIGO



KDIGO Cystinosis Conference   |   December 11-13, 2014   |   Lisbon, Portugal 

op3mal	
  prep/storage	
  	
  
•  Problem	
  is	
  in	
  pre-­‐analy0cal	
  phase,	
  i.e.	
  cell	
  prep	
  

–  Erra0c	
  results	
  with	
  prolonged	
  storage	
  of	
  whole	
  blood	
  
–  Some	
  an0coagulants	
  are	
  beZer	
  than	
  others-­‐	
  ACD	
  

•  Differences	
  in	
  protein	
  recovery	
  depending	
  upon	
  an0coagulant	
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  al.,	
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unpublished	
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op3mal	
  prep/storage	
  	
  
•  Problem	
  is	
  in	
  pre-­‐analy0cal	
  phase,	
  i.e.	
  cell	
  prep	
  

–  Erra0c	
  results	
  with	
  prolonged	
  storage	
  of	
  whole	
  blood	
  
–  Some	
  an0coagulants	
  are	
  beZer	
  than	
  others-­‐	
  ACD	
  

•  Differences	
  in	
  protein	
  recovery	
  depending	
  upon	
  an0coagulant	
  	
  

	
  

Fidler	
  et	
  al.,	
  2011,	
  	
  
unpublished	
  

Leukocyste cystine content at baseline 
prepared from samples drawn in different 

anticoagulants
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new	
  denominators:	
  alterna3ve	
  normaliza3on	
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Non-­‐hematologic	
  cell	
  types	
  
	
  
	
  Prospect:	
  	
  Renal	
  tubular	
  epithelial	
  cells	
  isolated	
  from	
  urine:	
  
	
  	
  	
  	
  	
  Advantages:	
  May	
  beper	
  reflect	
  long-­‐term	
  medica3on	
  exposure	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Readily	
  accessible	
  cell	
  type;	
  May	
  reflect	
  therapeu3c	
  effect	
  at	
  key	
  site;	
  	
  	
  
	
  	
  	
  	
  	
  Disadvantages:	
  New	
  reference	
  ranges	
  req’d.	
  	
  Could	
  not	
  use	
  post	
  renal	
  transplant.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ?Volume	
  req’d,	
  ?effect	
  of	
  treatment	
  PK/urine	
  [cysteamine]	
  	
  
	
  	
  	
  	
  	
  	
  Approach:	
  immuno-­‐purifica3on.	
  	
  
	
  
	
  	
  Prospect:	
  	
  Buccal	
  epithelium	
  by	
  cheek	
  swab:	
  
	
  	
  	
  	
  	
  Advantages:	
  Readily	
  accessible	
  cell	
  type;	
  May	
  reflect	
  therapeu3c	
  effect	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  at	
  other	
  3ssues;	
  could	
  be	
  valid	
  post	
  transplant.	
  Could	
  have	
  home	
  collec3on.	
  	
  	
  
	
  	
  	
  	
  	
  Approach:	
  Demonstrate	
  feasibility	
  in	
  heterozygotes	
  and	
  treated	
  homozygotes	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  post	
  rinse,	
  10	
  swipes	
  with	
  buccal	
  swab,	
  placed	
  in	
  SSA	
  solu3on,	
  extracted.	
  
	
  	
  

alterna3ve	
  cell	
  types	
  for	
  cys3ne	
  assay	
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op3mal	
  3ming	
  of	
  tes3ng	
  

Proposed	
  daily	
  dose:	
  	
  
	
  80	
  mg/kg/d	
  (QID):	
  10-­‐17	
  kg,	
  
70	
  mg/kg/d	
  (QID):	
  17-­‐25	
  kg,	
  60	
  
mg/kg/d	
  (QID):	
  25-­‐40	
  kg,	
  
50	
  mg/kg/d(QID):	
  40-­‐70	
  kg.	
  
	
  
	
  
Generally	
  would	
  presume	
  best	
  
tes3ng	
  3me	
  would	
  be	
  trough	
  
level	
  of	
  drug/	
  highest	
  level	
  of	
  
cys3ne.	
  	
  But	
  drug	
  level	
  most	
  
variable	
  in	
  terminal	
  phase.	
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Terminal	
  
elimina3on	
  
phase	
  

op3mal	
  3ming	
  of	
  tes3ng	
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residual	
  cysteamine	
  as	
  surrogate	
  marker	
  

Langman	
  et	
  al.	
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>0:	
  81.8%	
  
>0.1:	
  94.5%	
  

>0.2:	
  95.2%	
  
>0.3:	
  93.75%	
  

Percent	
  with	
  	
  
WBC	
  ½-­‐cys3ne	
  	
  
<1	
  nmol/mg:	
  

Langman	
  et	
  al.	
  

residual	
  cysteamine	
  as	
  surrogate	
  marker	
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controversies	
  conference	
  
•  why	
  monitor?	
  
•  target	
  range	
  
•  earliest	
  treatment/	
  earliest	
  measurement	
  
•  pre-­‐symptoma0c	
  diagnosis/	
  screening	
  
•  sedoheptulokinase	
  
•  ctns	
  muta0ons	
  
•  common	
  muta0ons/uncommon	
  muta0ons	
  
•  op0mal	
  technique	
  for	
  tes0ng	
  
•  denominator	
  effects	
  
•  op0mal	
  prep	
  
•  op0mal	
  storage	
  	
  
•  alterna0ve	
  normaliza0on	
  
•  alterna0ve	
  cell	
  types	
  for	
  cys0ne	
  assay	
  
•  op0mal	
  0ming	
  of	
  tes0ng	
  
•  residual	
  cysteamine	
  as	
  surrogate	
  marker	
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other	
  ques3ons	
  	
  
•  Is	
  it	
  feasible	
  to	
  perform	
  pre-­‐symptoma0c	
  screening	
  of	
  cys0nosis?	
  In	
  utero	
  and	
  in	
  

newborns?	
  
•  What	
  is	
  the	
  op0mal	
  technique	
  for	
  white	
  blood	
  cell	
  (WBC)	
  isola0on	
  and	
  storage?	
  
•  What	
  is	
  the	
  op0mal	
  technique	
  for	
  WBC	
  cys0ne	
  measurement,	
  including	
  0ming	
  of	
  the	
  

measurement?	
  
•  Are	
  there	
  alterna0ves	
  to	
  WBC	
  cys0ne	
  measurements	
  to	
  monitor	
  cysteamine	
  treatment	
  

(plasma	
  cysteamine,	
  others)?	
  	
  
•  What	
  is	
  the	
  role	
  of	
  cys0ne	
  as	
  a	
  biomarker	
  and	
  cysteamine	
  blood	
  levels	
  as	
  a	
  surrogate?	
  
•  Can	
  we	
  measure	
  crystal	
  loads?	
  
•  Is	
  gene0c	
  diagnosis	
  mandatory?	
  
•  Is	
  urine	
  analysis	
  helpful	
  to	
  raise	
  the	
  suspicion	
  or	
  make	
  the	
  diagnosis?	
  	
  	
  
•  What	
  other	
  biochemical	
  monitoring	
  should	
  be	
  undertaken	
  in	
  treated	
  pa0ents?	
  
•  What	
  are	
  the	
  major	
  clinical	
  hints,	
  providing	
  high	
  index	
  of	
  suspicion	
  to	
  diagnose	
  cys0nosis	
  

as	
  early	
  as	
  possible	
  ?	
  
•  What	
  is	
  the	
  final	
  decision	
  regarding	
  carni0ne	
  supplementa0on	
  for	
  pa0ents	
  post	
  

transplant?	
  Is	
  therapy	
  worth	
  the	
  cardiovascular	
  risk?	
  	
  
•  To	
  discuss	
  controversies	
  of	
  newborn	
  screening,	
  molecular	
  diagnosis	
  availability	
  
•  To	
  discuss	
  controversies	
  of	
  the	
  0me	
  post	
  Procysbi	
  dose	
  to	
  evaluate	
  WBC	
  cys0ne	
  reduc0on:	
  

11.5	
  versus	
  12.5	
  hours	
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