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The Authors Reply: F ocosi points ou t several 

appropriate alternatives to the m ethod s d epicted  

in ou r vid eo of b one m arrow aspiration and  b i-

opsy. O u r ex perience d oes not su g g est that the 

d eg ree of pain associated  with the proced u re is 

lower when the b iopsy is perform ed  first, and  the 

seq u ence prob ab ly  d oes not m atter in the sed ated  

patient.

W e ag ree that a frail b iopsy specim en m ay b e 

d am ag ed  b y  collection onto g au z e; however, im -

m ed iate inspection of the b iopsy specim en is 

critical and  req u ires placem ent onto g au z e or a 

g lass slid e. It is not u ncom m on for an ex tracted  

b iopsy specim en to contain ex clu sively  cortical 

b one withou t m arrow, which is an inad eq u ate 

sam ple for evalu ation. Im m ed iate placem ent into 

form alin preclu d es the ab ility  to inspect the 

specim en appropriately. In ad d ition, a tou ch prep-

aration m ay provid e u sefu l inform ation.

A lthou g h collecting  aspirate into anticoag u -

lated  vacu u m  tu b es m ay b e feasib le, in certain 

cond itions, m arrow can b e d ifficu lt to aspirate 

and  req u ires su b stantial su ction. T here is no ab il-

ity  to m od ify  the force or pu ll when u sing  vacu -

u m  tu b es. In reg ard  to the preparation of slid es, 

we ag ree that a slid e shou ld  b e appropriately  

anchored  to create an evalu ab le aspirate sm ear.
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To the E d itor: H u m an em b ryonic stem -cell re-

search m ay lead  to new m ethod s of d ru g  d iscovery, 

insig hts into m echanism s of d isease, and  eventu -

ally, cellu lar therapies. T he potential b enefit to pa-

tient popu lations m ay d epend  partially on the d i-

versity of the stem -cell lines that are availab le for 

research and  clinical u se. H owever, investig ators 

have b een u nab le to targ et their research to d iverse 

su b g rou ps of ex isting  lines or to ensu re the inclu -

sion of lines from  the hu m an popu lations m ost 

relevant to their d iseases of interest, b ecau se al-

m ost no inform ation has b een availab le on the hu -

m an popu lation orig in of ex isting  stem -cell lines.

T herefore, with the approval of the U niversity  

of M ichig an’s H u m an P lu ripotent S tem  C ell R e-

search O versig ht C om m ittee, we d eterm ined  the 

g enetic ancestry of a larg e collection of stem -cell 

lines, inclu d ing  the m ost com m only u sed  lines 

that were approved  for fed erally  fu nd ed  research 

u nd er the B u sh ad m inistration’s policy, other 

lines d erived  in the U nited  S tates that have b een 

wid ely  d istrib u ted ,1 and  ad d itional lines d erived  

in other cou ntries (for d etails, see the tab le in the 

S u pplem entary A ppend ix , availab le with the fu ll 

tex t of this letter at NE JM .org ).

U sing  the Illu m ina 6 6 0 W  g enotyping  platform , 

we g enotyped  g enom ewid e sing le-nu cleotid e poly-

m orphism s (S NP s) in each stem -cell line. C ontrol 

ex perim ents showed  that the presence of m ou se 

em b ryonic feed er cells d id  not affect the S NP  

g enoty pes (> 9 9 .9 9 %  id entity  of S NP  g enotypes 

b etween stem -cell lines that were g rown with or 

withou t feed er cells) or the inferred  ancestry (d ata 

not shown). G enotypes of the stem -cell lines were 

com pared  with previou sly ob tained  g enotypes on 

a reference set of 2 0 0 1  su b jects from  the H apM ap 

P roject and  the H u m an G enom e D iversity  P roj-

ect,2 ,3  com prising  6 3  popu lations with world wid e 

representation. W e analy z ed  4 8 3 ,3 0 4  hig h-q u al-

ity  S NP s that had  b een g enoty ped  in all sets of 

sam ples.

A  clu ster analysis4 of com b ined  stem -cell and  

world wid e reference g enotypes showed  that near-

ly all the stem -cell lines clu stered  ex clu sively with 

reference su b jects of k nown E u ropean and  M id -

d le E astern orig in (F ig . 1 ). T wo stem -cell lines 

clu stered  with E ast A sians. U sing  a E u ropean and  

M id d le E astern su b g rou p of the reference d ata, 

we fou nd  that m ost lines clu stered  prim arily with 

su b jects of northern and  western E u ropean an-
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cestry. The remaining lines clustered with Mid-

dle E astern and so uthern E uro p ean p o p ulatio ns, 

a finding that was co mp atib le with the derivatio n 

o f so me o f these lines fro m emb ryo s with lik ely 

o rigins in Israel and S p ain. Interestingly, an analy-

sis o f geno typ e sharing identified several sets o f 
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Figure 1. C lus ter A n a ly s is  o f C o m b in ed  S tem -C ell a n d  W o rld w id e R eferen c e G en o t y p es .

Shown are the clustering of human embryonic stem-cell lines with subjects of known origin, including 2001 worldwide subjects (Panel 

A )  and 4 5 8  E urop ean and M iddle E astern subjects (Panel B ) . In both p lots, classic metric multidimensional scaling analysis was p er-

formed on p airwise indiv idual genetic distance matrix es that were comp uted with the use of identity-by-state allele sharing.4 E ach sam-

p le (stem-cell lines and reference subjects)  is dep icted as a p oint so that p rox imate p lacement reflects genetic similarity. E ach stem-cell 

line has been giv en a distinct numeric label. R eference subjects ap p ear as either colored symbols (for subjects from the H uman G e-

nome D iv ersity Project)  or letters (for subjects from the H ap M ap  Project) . Inferred sets of stem-cell lines that deriv e from the same 

gamete donors include E S05  and E S06 ; H U E S16  and H U E S17 ; H U E S22 and H U E S23 ; H U E S26  and H U E S27 ; and W A 07 , W A 13 , and 

W A 14 . T he M oz abite p op ulation from N orth A frica is included as p art of the “ M iddle E ast”  reference samp le, but close clustering of 

stem-cell lines with this p op ulation was not observ ed. C IPF  denotes Prince F elip e R esearch C enter, C . &  S. A sia C entral and South A sia, 

N SC B  N ational Stem C ell B ank, and U C SF  U niv ersity of C alifornia, San F rancisco.

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at UNIVERSITY OF MICHIGAN on January 19, 2010 . 



n engl j med 362;2 nejm.o r g ja nu a r y 1 4 , 20 1 0 185

n o t i c e s

lines for which all lines in a given set had the same 

gamete donors (F ig. 1 ).

W e have fou nd that widely  distrib u ted stem-

cell lines lack  p op u lation diversity  and that none 

of these lines derive from p op u lations with recent 

A frican ancestry. O ther ex isting lines that we did 

not analy z e p rob ab ly derive from p op u lations that 

were not rep resented in ou r stu dy, b u t most p u b -

lished stem-cell stu dies have u sed the lines that 

we investigated.5

E fforts to derive and disseminate new stem-

cell lines shou ld now emp hasiz e u nderrep resented 

p op u lations, to allow researchers to assess the 

ex tent to which the ancestry of stem-cell lines in-

flu ences disease models, cellu lar therap ies, and 

dru g screening with the u se of stem cells. A vail-

ab ility  of more diverse lines will redu ce the risk  

that the p otential b enefits of stem-cell research 

will b e limited to p atients with certain ancestries. 

A nother p romising ap p roach to increasing the di-

versity of p lu rip otent hu man cell lines is to derive 

indu ced p lu rip otent stem-cell lines from diverse 

donors. It is not yet clear, however, whether certain 

ty p es of stu dies and therap ies will b e more read-

ily p erformed with hu man emb ryonic stem cells.
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L e tte r s  to  th e  E d ito r  a r e  c o n s id e r e d  fo r  p u b lic a tio n , s u b je c t 
to  e d itin g  a n d  a b r id g m e n t, p r o v id e d  th e y  d o  n o t c o n ta in  
m a te r ia l th a t h a s  b e e n  s u b m itte d  o r  p u b lis h e d  e ls e w h e r e . 
P le a s e  n o te  th e  fo llo w in g :

Journal a r tic le  m u s t n o t e x c e e d  17 5  
w o r d s  (e x c lu d in g  r e fe r e n c e s ) a n d  m u s t b e  r e c e iv e d  w ith in   
3  w e e k s  a fte r  p u b lic a tio n  o f th e  a r tic le .

Journal a r tic le  m u s t n o t e x c e e d  4 0 0  
w o r d s . 

 
o r  ta b le . 

m u s t b e  d is c lo s e d . D is c lo s u r e s  w ill b e  p u b lis h e d  w ith  th e   
le tte r s . (F o r  a u th o r s  o f Journal a r tic le s  w h o  a r e  r e s p o n d in g  
to  le tte r s , d is c lo s u r e s  a p p e a r  in  th e  p u b lis h e d  a r tic le s .)

n u m b e r , a n d  e -m a il a d d r e s s  w ith  y o u r  le tte r .

W e  c a n n o t a c k n o w le d g e  r e c e ip t o f y o u r  le tte r , b u t w e  w ill 
n o tify  y o u  w h e n  w e  h a v e  m a d e  a  d e c is io n  a b o u t p u b lic a tio n . 
L e tte r s  th a t d o  n o t a d h e r e  to  th e s e  in s tr u c tio n s  w ill n o t b e  
c o n s id e r e d . R e je c te d  le tte r s  a n d  fig u r e s  w ill n o t b e  r e tu r n e d . 
W e  a r e  u n a b le  to  p r o v id e  p r e p u b lic a tio n  p r o o fs . S u b m is s io n  
o f a  le tte r  c o n s titu te s  p e r m is s io n  fo r  th e  M a s s a c h u s e tts  
M e d ic a l S o c ie ty , its  lic e n s e e s , a n d  its  a s s ig n e e s  to  u s e  it in  th e  
Journal’s  v a r io u s  p r in t a n d  e le c tr o n ic  p u b lic a tio n s  a n d  in  
c o lle c tio n s , r e v is io n s , a n d  a n y  o th e r  fo r m  o r  m e d iu m .

notices

Notices submitted for publication should contain a mailing 

address and telephone number of a contact person or depart-

ment. W e regret that w e are unable to publish all notices 

receiv ed. Notices also appear on the Jou rnal’s W eb site 

(NE JM .org/meetings). T he listings can be v iew ed in their 

entirety  or searched by  location, month, or k ey  w ord.

UNIVER SITY  O F  TENNESSEE G R A DUA TE SC H O O L  

O F  M EDIC INE

T he following conferences will b e held in K nox ville, T N : 

“ S ix th A nnu al H ematology  C onference: A n U p date on S elected 

A S H  T op ics”  ( Jan. 2 3 ) and “ S ix th A nnu al D iab etes R egional 

C onference: E vidence-B ased Interventions to S tem the B u rden 

of D iab etes C omp lications”  (M arch 1 3 ).

C ontact L au ra M ap les, the U niversity  of T ennessee G radu ate 

S chool of M edicine, 1 9 2 4  A lcoa H ighway, K nox ville, T N  3 7 9 2 0 ; 

or call (8 6 5 ) 3 0 5 -9 1 9 0 ; or e-mail lhmap les@ u tmck .edu ; or see 

http ://www.tennessee.edu /cme/hematology2 0 1 0  or http ://www

.tennessee.edu /cme/diab etes2 0 1 0 , resp ectively.
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