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A U T O M A T E D  M U L T I C O L O R  F L O W - F I SH  F O R

T E L O M E R E  L E N G T H : A  SE N SI T I V E  A N D  R A PI D

T E C H N I Q U E  T O  I D E N T I F Y  I N D I V I D U A L S W I T H  

PR I M A R Y  D E F E C T S I N  T E L O M E R E  M A I N T E N A N C E

G ab rie la M . Bae rlo c he r1, Irm a M . V u lto 2, Blan c he  P . A lte r3,

J o hn  E . W ag n e r4, E lain e  M . S lo an d 5, N e al S . Y o u n g 6, P e te r M .

L an s d o rp 7

1U n iv e rs ity  o f  Be rn e , H e m ato lo g y , Be rn , BE , S w itz e rlan d ; 2Te rry  F o x

L ab o rato ry  f o r H e m ato lo g y /O n c o lo g y , BC Can c e r A g e n c y , V an c o u v e r,

Britis h Co lu m b ia, Can ad a; 3N atio n al Can c e r I n s titu te , Clin ic al

G e n e tic s  Bran c h, Div is io n  o f  Can c e r E p id e m io lo g y  an d  G e n e tic s ,

R o c k v ille , M as s ac hu s e tts ; 4U n iv e rs ity  o f  M in n e s o ta, P e d iatric s ,

M in n e ap o lis , M in n e s o ta; 5N atio n al I n s titu te s  o f  H e alth, hn h1, N atio n al

H e art, L u n g , an d  Blo o d  I n s titu te , Be the s d a, M ary lan d ; 6N atio n al

I n s titu te s  o f  H e alth, hn h6r, Be the s d a, M ary lan d ; 7Te rry  F o x  L ab /BC

Can c e r A g e n c y , V an c o u v e r, Britis h Co lu m b ia, Can ad a

A d e q u ate  m ain te n an c e  o f  te lo m e re  le n g th is  im p o rtan t f o r a f u n c tio n al 3-d im e n -

s io n al c hro m o s o m e  e n d  s tru c tu re  w hic h g u aran te e s  g e n o m ic  s tab ility  an d  is

in v o lv e d  in  c e ll re p lic atio n . De fic ie n c ie s  o r d y s f u n c tio n s  in  m o le c u le s  o f  the

te lo m e ras e  c o m p le x  o r in  p ro te in s  as s o c iate d  w ith the  te lo m e re  c an  le ad  to  d is -

tu rb e d  te lo m e re  le n g th re g u latio n . I n  the  las t y e ars , m u tatio n s  in  m o le c u le s  o f  the

te lo m e ras e  c o m p le x  ( d y s k e rin , R N A  te m p late  o f  te lo m e ras e  =  hTE R C) hav e  b e e n

id e n tifie d  as  the  c au s e  o f  d y s k e rato s is  c o n g e n ita (DC), a rare  c o n g e n ital he m ato -

lo g ic al d is o rd e r s o  far b e in g  d iag n o s e d  b as e d  o n  ty p ic al c lin ic al f e atu re s  ( e .g . n ail

d y s tro p hy , le u k o p lak ia, ap las tic  an e m ia). Du e  to  in s u ffic ie n t te lo m e ras e  f u n c tio n

te lo m e re s  c an  n o t b e  ap p ro p riate ly  m ain tain e d  an d  b e c o m e  s ho rt. I n  re c e n t s tu d -

ie s , 3-10 %  o f  p atie n ts  d iag n o s e d  w ith id io p athic  ap las tic  an e m ia o r m y e lo d y s -

p las tic  s y n d ro m e  hav e  b e e n  f o u n d  to  c arry  a m u tatio n  in  hTE R C (=  au to s o m al

d o m in an t DC) an d  the re  are  re p o rts  o n  in d iv id u als  w ith n o  o b v io u s  s ig n s  f o r DC

b u t hTE R C m u tatio n s . I d e n tific atio n  o f  s u c h p atie n ts  is  im p o rtan t; ho w e v e r,

an aly s is  f o r hTE R C o r d y s k e rin  m u tatio n s  is  lab o r in te n s iv e . W e  d e v e lo p e d  au to -

m ate d  m u ltic o lo r f lo w - F I S H  f o r te lo m e re  le n g th m e as u re m e n ts , a hig hly  s e n s itiv e

an d  re p ro d u c ib le  te c hn iq u e , an d  as s e s s e d  n o rm al ag e -re late d  v alu e s  f o r the  p e r-

c e n tile s  o f  te lo m e re  le n g th in  d iv e rs e  s u b s e ts  o f  le u k o c y te s  b as e d  o n  te lo m e re

le n g th m e as u re m e n ts  in  le u k o c y te s  fro m  o v e r 40 0  he althy  in d iv id u als  ag e d  0 -10 2

y e ars . V e ry  lo w  te lo m e re  le n g th v alu e s  ( b e lo w  the  1s t p e rc e n tile )  in  all s u b s e ts  o f

le u k o c y te s  c le arly  d is tin g u is he d  p atie n ts  w ith b o n e  m arro w  failu re  b as e d  o n  a p ri-

m ary  d e f e c t in  te lo m e re  m ain te n an c e  fro m  p atie n ts  w ith b o n e  m arro w  failu re  d u e

to  o the r c au s e s . F u rthe rm o re , w e  id e n tifie d  p he n o ty p ic ally  n o rm al in d iv id u als

w ith a m o le c u lar d iag n o s is  o f  DC. W e  s u g g e s t that te lo m e re  le n g th m e as u re m e n ts

b y  au to m ate d  m u ltic o lo r f lo w - F I S H  c an  b e  u s e d  to  s c re e n  p atie n ts  f o r a p rim ary

d e f e c t in  te lo m e re  le n g th re g u latio n  an d  that s u c h an aly s is  m ig ht e v e n  s e rv e  as

s u rro g ate  te s t f o r the  id e n tific atio n  o f  p atie n ts  w ith DC.
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M O R PH O M E T R I C  A N D  G R A N U L O M E T R I C  

F E A T U R E S O F  E R Y T H R O B L A ST S A S A  D I A G N O ST I C

T O O L  O F  H E M A T O L O G I C  D I SE A SE S

R an d all L u is  A d am 1, E lis an g e la R ib e iro 2, K o n rad in  M e tz e 3,

N e u c im ar J e rô n im o  L e ite 4, Ire n e  L o ran d - M e tz e 5

1S tate  U n iv e rs ity  o f  Cam p in as , Cam p in as , S ã o  P au lo , Braz il; 2S tate

U n iv e rs ity  o f  Cam p in as , I n te rn al M e d ic in e , Cam p in as , S P , Braz il;
3S tate  U n iv e rs ity  o f  Cam p in as  ( U N ICA M P ) , P atho lo g y , CA M P I N A S -

S P , S P , Braz il; 4S tate  U n iv e rs ity  o f  Cam p in as , I n s titu te  o f  Co m p u tin g ,

Cam p in as , S P , Braz il; 5S tate  U n iv e rs ity  Cam p in as , Cam p in as , S P ,

Braz il

Dy s e ry thro p o ie s is  is  an  im p o rtan t c rite rio n  f o r the  d iag n o s is  o f  m y e lo d y s p las tic

s y n d ro m e s  ( M DS ). I ts  e v alu atio n  is  ro u tin e ly  d o n e  b y  s u b je c tiv e  e x am in atio n  o f

M ay - G rü n e w ald - G ie m s a s tain e d  b o n e  m arro w  (BM ) s m e ars . I n  o rd e r to  o b je c ti-

v ate  this  d iag n o s is  w e  s tu d ie d  the  u tility  o f  s e v e ral m o rp ho m e tric  an d  g ran u lo -

m e tric  p aram e te rs . Bo n e  m arro w  s m e ars  o f  20  c o n tro ls , 41 M DS  p atie n ts , an d  22

c as e s  o f  m e g alo b las tic  an e m ia e n te re d  the  s tu d y . Diag n o s is  o f  M DS  w as  b as e d  o n

F A B c rite ria. G ray - s c ale  tran s f o rm e d  d ig italiz e d  im ag e s  o f  e ry thro b las t n u c le i

w e re  an aly z e d  an d  the  n u c le ar are a, p e rim e te r, lo n g e s t c ho rd  an d  o p tic al d e n s ity

w e re  d e te rm in e d . G ran u lo m e try  w as  ap p lie d  w ith the  g ray  le v e l he ig ht o f  the

b as in s  as  filte r p aram e te r. The  n u m b e r o f  re s id u e s  an d  the ir m e an  are a w as  re g is -

te re d  f o r e ac h g ray  le v e l. A re a, lo n g e s t c ho rd , p e rim e te r, f o rm  fac to r, m e an  tran s -

v e rs al d iam e te r, as  w e ll as  the  m e an  o p tic al d e n s ity  an d  its  s tan d ard  d e v iatio n  d is -

c rim in ate d  w e ll b e tw e e n  e ry thro b las ts  o f  the  g ro u p s . W e  c o u ld  n o t d is tin g u is h

e ry thro b las ts  o f  p atie n ts  w ith re frac to ry  an e m ia ( R A )  fro m  e ry thro b las ts  o f

p atie n ts  w ith re frac to ry  an e m ia w ith rin g  s id e ro b las ts  ( R A R S ) , b u t b o th w e re  d if -

f e re n t fro m  re frac to ry  an e m ia w ith e x c e s s  o f  b las ts  ( R A E B) an d  m e g alo b las tic

an e m ia, the  latte r w e re  s im ilar. A p p ly in g  g ran u lo m e tric  f e atu re s  s ig n ific an t d if -

f e re n c e s  b e tw e e n  the  g ro u p s  c o u ld  b e  s e e n  f o r n e arly  all m e an  are a le v e ls  an d  f o r

the  lo w e r le v e ls  o f  the  n u m b e r o f  re s id u e s . G ran u lo m e try  w as  n o t ab le  to  d iff e r-

e n tiate  b e tw e e n  e ry thro b las ts  o f  R A  an d  R A R S  p atie n ts . S tan d ard  m o rp ho m e tric

v ariab le s  c o u ld  n o t d is tin g u is h b e tw e e n  R A E B an d  m e g alo b las tic  an e m ia, b u t the

are a o f  g ran u lo m e tric  re s id u e s  ( le v e ls  20 -40 )  d is tin g u is he d  c le arly  b e tw e e n  b o th

e n titie s . I n  c o n c lu s io n , the  c o m b in atio n  o f  u s u al m o rp ho m e tic  p aram e te rs  an d

g ran u lo m e tric  f e atu re s  are  v e ry  u s e f u l to  d is tin g u is h n o rm al BM , d e fic ie n c y  an e -

m ia an d  s e v e ral ty p e s  o f  M DS . S u p p o rte d  b y  F A P E S P  an d  CN P q . 
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M U L T I - C O L O R  F L O W  C Y T O M E T R I C  A N A L Y SI S 

F O R  T H E  SE L F - R E N E W I N G  PO T E N T I A L  O F

H E M A T O PO I E T I C  ST E M  C E L L S IN VIVO

H o n g m e i S he n 1, Y o u z ho n g  Y u an 2, H u i Y u 2, Tao  Che n g 2

1U n iv e rs ity  o f  P itts b u rg h, R ad iatio n  O n c o lo g y , S c ho o l o f  M e d ic in e ,

P itts b u rg h, P e n n s y lv an ia; 2U n iv e rs ity  o f  P itts b u rg h, R ad iatio n

O n c o lo g y , P itts b u rg h, P e n n s y lv an ia

S te m  c e ll s e lf -re n e w al is  c ritic al f o r tis s u e  re g e n e ratio n  o r tu m o r f o rm atio n  in

m o s t m am m alian  s y s te m s . Ce ll c y c le  re g u latio n  m ay  b e  o n e  o f  the  f u n d am e n tal

m e c han is m s  c o n tro llin g  the  p ro c e s s . W e  hav e  re c e n tly  d e m o n s trate d  that d e le tio n

o f  an  e arly  G 1-p has e  in hib ito r, p 18 I N K 4C (p 18 ) , re s u lts  in  s trik in g ly  im p ro v e d

lo n g - te rm  e n g raftm e n t. To  c o rre late  the  e n g raftm e n t d ata w ith m u ltip le  c e llu lar

p aram e te rs  in  a p he n o ty p ic ally  d e fin e d  s te m  c e ll p o p u latio n , w e  hav e  e x te n s iv e ly

u s e d  the  f lo w  c y to m e tric  te c hn iq u e s  to  f u rthe r e x am in e  the  he m ato p o ie tic  s te m

c e ll ( H S C) p o o ls  in  m ic e  d e fic ie n t in  p 18 . W e  o b s e rv e d  a 2-f o ld  in c re as e  in  fre -

q u e n c y  an d  3-f o ld  in c re as e  in  ab s o lu te  y ie ld  p e r harv e s t o f  the  m o s t p rim itiv e

H S Cs , w hic h are  p o s itiv e  f o r S c a-1an d  c - K it b u t n e g ativ e  f o r L in e ag e  m ark e rs  an d

CD34 an tig e n , in  p 18  - /-  m o u s e  b o n e  m arro w s  c o m p are d  w ith the ir p 18 + /+  c o n -

tro ls . F u rthe r, w e  e x am in e  the  f o llo w in g  p aram e te rs  p o s s ib ly  re s p o n s ib le  f o r H S C

e x p an s io n  in  the  m u tan t m ic e . 1. Ce ll s u rv iv al rate . A s  as s e s s e d  w ith A n n e x in - V
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