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THE AUTHORS REPLY: Focosi points out several
appropriate alternatives to the methods depicted
in our video of bone marrow aspiration and bi-
opsy. Our experience does not suggest that the
degree of pain associated with the procedure is
lower when the biopsy is performed first, and the
sequence probably does not matter in the sedated
patient.

We agree that a frail biopsy specimen may be
damaged by collection onto gauze; however, im-
mediate inspection of the biopsy specimen is
critical and requires placement onto gauze or a
glass slide. It is not uncommon for an extracted
biopsy specimen to contain exclusively cortical
bone without marrow, which is an inadequate

sample for evaluation. Immediate placement into
formalin precludes the ability to inspect the
specimen appropriately. In addition, a touch prep-
aration may provide useful information.
Although collecting aspirate into anticoagu-
lated vacuum tubes may be feasible, in certain
conditions, marrow can be difficult to aspirate
and requires substantial suction. There is no abil-
ity to modify the force or pull when using vacu-
um tubes. In regard to the preparation of slides,
we agree that a slide should be appropriately
anchored to create an evaluable aspirate smear.

Suman Malempati, M.D.

Oregon Health and Science University
Portland, OR

Sarita Joshi, M.D.

Ken Tegtmeyer, M.D.

Cincinnati Children’s Hospital Medical Center
Cincinnati, OH

Since publication of their article, the authors report no fur-
ther potential conflict of interest.

Lack of Population Diversity in Commonly Used Human
Embryonic Stem-Cell Lines

TO THE EDITOR: Human embryonic stem-cell re-
search may lead to new methods of drug discovery,
insights into mechanisms of disease, and eventu-
ally, cellular therapies. The potential benefit to pa-
tient populations may depend partially on the di-
versity of the stem-cell lines that are available for
research and clinical use. However, investigators
have been unable to target their research to diverse
subgroups of existing lines or to ensure the inclu-
sion of lines from the human populations most
relevant to their diseases of interest, because al-
most no information has been available on the hu-
man population origin of existing stem-cell lines.

Therefore, with the approval of the University
of Michigan’s Human Pluripotent Stem Cell Re-
search Oversight Committee, we determined the
genetic ancestry of a large collection of stem-cell
lines, including the most commonly used lines
that were approved for federally funded research
under the Bush administration’s policy, other
lines derived in the United States that have been
widely distributed,* and additional lines derived
in other countries (for details, see the table in the
Supplementary Appendix, available with the full
text of this letter at NEJM.org).

Using the Illumina 660W genotyping platform,
we genotyped genomewide single-nucleotide poly-
morphisms (SNPs) in each stem-cell line. Control
experiments showed that the presence of mouse
embryonic feeder cells did not affect the SNP
genotypes (>99.99% identity of SNP genotypes
between stem-cell lines that were grown with or
without feeder cells) or the inferred ancestry (data
not shown). Genotypes of the stem-cell lines were
compared with previously obtained genotypes on
a reference set of 2001 subjects from the HapMap
Project and the Human Genome Diversity Proj-
ect,>3 comprising 63 populations with worldwide
representation. We analyzed 483,304 high-qual-
ity SNPs that had been genotyped in all sets of
samples.

A cluster analysis* of combined stem-cell and
worldwide reference genotypes showed that near-
ly all the stem-cell lines clustered exclusively with
reference subjects of known European and Mid-
dle Eastern origin (Fig. 1). Two stem-cell lines
clustered with East Asians. Using a European and
Middle Eastern subgroup of the reference data,
we found that most lines clustered primarily with
subjects of northern and western European an-
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Masaryk University Spanish Stem Cell Bank/CIPF 18 HUES8 31 HUES26 NSCB/UCSF (US)
(Czech Republic) (Spain) 19 HUES10 32 HUES27 42 UC06 (HSF6)
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Human embryonic Harvard University (US) 24 HUES18 37 HUES49 45 WAO9 (H9)
stem-cell lines  NSCB/ES Cell International 12 HUES2 25 HUES19 38 HUESS3 46 WA13 (H13)
(Singapore) 13 HUES3 26 HUES20 39 HUES62 47 WA14 (H14)
4 ES02 (HES-2) 14 HUES4 27 HUES21
5 ESO3 (HES-3) 15 HUESS 28 HUES22 NSCB/Novocell (US)
6 ESO5 (HES-5) 16 HUES6 29 HUES23 40 BGO1 (BGN-01)
7 ES06 (HES-6) 17 HUES7 30 HUES24 41 BGO3 (BGN-03)
[ Africa » Adygei Druze a Maya 2 Russian A ASW (African American)
I Europe % Balochi + French v Mbuti Pygmy o San C CEU (N. & W. European)
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W C.&S.Asia 2 Bantu (S. Africa) Han (N. China) Miao She CHD (Han Chinese)
O E. Asia © Basque a Hazara Mongola e Sindhi G GIH (Guijarati)
Reference samples B Oceania Bedouin Hezhen Mozabite o Surui JPT (Japanese)
B America + Biaka Pygmy x ltalian Naxi Tu L LWK (Luhya)
o Brahui Japanese o Orcadian Tujia K MKK (Maasai)
= Burusho « Kalash Orogen v Tuscan T TSI (Toscani)
Cambodian o Karitiana Palestinian + Uygur Y YRI (Yoruba)
o Colombian Lahu o Papuan Xibo
Dai © Makrani v Pathan Yakut
Daur © Mandenka v Pima Yi
o Yoruba

Figure 1. Cluster Analysis of Combined Stem-Cell and Worldwide Reference Genotypes.

Shown are the clustering of human embryonic stem-cell lines with subjects of known origin, including 2001 worldwide subjects (Panel
A) and 458 European and Middle Eastern subjects (Panel B). In both plots, classic metric multidimensional scaling analysis was per-
formed on pairwise individual genetic distance matrixes that were computed with the use of identity-by-state allele sharing.* Each sam-
ple (stem-cell lines and reference subjects) is depicted as a point so that proximate placement reflects genetic similarity. Each stem-cell
line has been given a distinct numeric label. Reference subjects appear as either colored symbols (for subjects from the Human Ge-
nome Diversity Project) or letters (for subjects from the HapMap Project). Inferred sets of stem-cell lines that derive from the same
gamete donors include ES05 and ES06; HUES16 and HUES17; HUES22 and HUES23; HUES26 and HUES27; and WA07, WA13, and
WA14. The Mozabite population from North Africa is included as part of the “Middle East” reference sample, but close clustering of
stem-cell lines with this population was not observed. CIPF denotes Prince Felipe Research Center, C. & S. Asia Central and South Asia,
NSCB National Stem Cell Bank, and UCSF University of California, San Francisco.
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cestry. The remaining lines clustered with Mid-

dle Eastern and southern European

populations,

of some of these lines from embryos with likely
origins in Israel and Spain. Interestingly, an analy-

a finding that was compatible with the derivation sis of genotype sharing identified several sets of
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NOTICES

lines for which all lines in a given set had the same
gamete donors (Fig. 1).

We have found that widely distributed stem-
cell lines lack population diversity and that none
of these lines derive from populations with recent
African ancestry. Other existing lines that we did
not analyze probably derive from populations that
were not represented in our study, but most pub-
lished stem-cell studies have used the lines that
we investigated.>

Efforts to derive and disseminate new stem-
cell lines should now emphasize underrepresented
populations, to allow researchers to assess the
extent to which the ancestry of stem-cell lines in-
fluences disease models, cellular therapies, and
drug screening with the use of stem cells. Avail-
ability of more diverse lines will reduce the risk
that the potential benefits of stem-cell research
will be limited to patients with certain ancestries.
Another promising approach to increasing the di-
versity of pluripotent human cell lines is to derive
induced pluripotent stem-cell lines from diverse
donors. It is not yet clear, however, whether certain
types of studies and therapies will be more read-
ily performed with human embryonic stem cells.
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INSTRUCTIONS FOR LETTERS TO THE EDITOR

Letters to the Editor are considered for publication, subject
to editing and abridgment, provided they do not contain
material that has been submitted or published elsewhere.
Please note the following:

o Letters in reference to a Journal article must not exceed 175
words (excluding references) and must be received within
3 weeks after publication of the article.

o Letters not related to a_Journal article must not exceed 400
words.

o A letter can have no more than five references and one figure
or table.

o Aletter can be signed by no more than three authors.

« Financial associations or other possible conflicts of interest
must be disclosed. Disclosures will be published with the
letters. (For authors of Journal articles who are responding
to letters, disclosures appear in the published articles.)

e Include your full mailing address, telephone number, fax
number, and e-mail address with your letter.

o All letters must be submitted at authors.NEJM.org.

We cannot acknowledge receipt of your letter, but we will
notify you when we have made a decision about publication.
Letters that do not adhere to these instructions will not be
considered. Rejected letters and figures will not be returned.
We are unable to provide prepublication proofs. Submission
of a letter constitutes permission for the Massachusetts
Medical Society, its licensees, and its assignees to use it in the
Journal’s various print and electronic publications and in
collections, revisions, and any other form or medium.

NOTICES

Notices submitted for publication should contain a mailing
address and telephone number of a contact person or depart-
ment. We regret that we are unable to publish all notices
received. Notices also appear on the Journal’s Web site
(NEJM.org[meetings). The listings can be viewed in their
entirety or searched by location, month, or key word.

UNIVERSITY OF TENNESSEE GRADUATE SCHOOL
OF MEDICINE

The following conferences will be held in Knoxville, TN:
“Sixth Annual Hematology Conference: An Update on Selected
ASH Topics” (Jan. 23) and “Sixth Annual Diabetes Regional
Conference: Evidence-Based Interventions to Stem the Burden
of Diabetes Complications” (March 13).

Contact Laura Maples, the University of Tennessee Graduate
School of Medicine, 1924 Alcoa Highway, Knoxville, TN 37920;
or call (865) 305-9190; or e-mail lhmaples@utmck.edu; or see
http://www.tennessee.edu/cme/hematology2010 or http://www
.tennessee.edu/cme/diabetes2010, respectively.
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