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In 1947, Mandel and Métais discovered the unusual
phenomenon of circulating cell-free DNA (1 ). Al-
though one might naively think that DNA is found only
in the nuclei of cells, it turns out that a substantial
amount of small DNA fragments circulates within the
blood. These molecules are not part of intact cells but are
the detritus of dead and apoptosed cells that have spilled
their guts into the blood. Their genomes are chewed up
into little pieces, the presence of which can be measured
like any other blood analyte. Although great effort has
been expended to try to understand how the relative con-
centrations of these DNA species may correlate with
health, their greatest value has been to measure the pro-
portion of foreign genomes within an individual. In cer-
tain cases that is quite straightforward: Cancer-related
mutations can be used to some extent to determine the
progress of disease (2), male chromosomal markers can
be used for prenatal sex determination (3), and, in a sim-
ilar fashion, women who have received organ transplants
from males can be monitored for the amount of organ-
specific DNA (4, 5).

The cell-free DNA phenomenon might have re-
mained a curiosity but for the development of pow-
erful genomic-analysis techniques such as digital
PCR, high-throughput sequencing, and other meth-
ods of molecular counting. In 2008, my group showed
how molecular counting by high-throughput sequenc-
ing could be used to create a universal noninvasive pre-
natal diagnostic for aneuploidies such as Down syn-
drome (6 ). This work was quickly reproduced by
Dennis Lo and collaborators (7 ), and by now thou-
sands of women have been tested with this approach in
blinded prospective clinical trials and other studies (8 –
11 ). There is a very good chance that this approach will
ultimately replace such invasive tests as amniocentesis
and chorionic villus sampling. At least one company
has launched a commercial test based on this approach,
and others are in the offing. Similarly, organ trans-
plants can be thought of as genome transplants, and
one can use high-density genotype information from
both the donor and the recipient to create a very sensi-

tive universal test for rejection in heart transplant re-
cipients (12 ). Because this principle does not involve
the use of any specific physiological data about the
heart, it should be valid for virtually any organ
transplant.

In the case of fetal DNA, there has been much dis-
cussion in the literature about the relative sizes of ma-
ternal vs fetal fragments. The majority of the literature
has concluded that fetal fragments are relatively shorter
than maternal fragments, but there has been substan-
tial disagreement about the size of the effect. This issue
is more than a purely academic argument, because if
one could size-select for shorter fragments and thereby
increase the fetal fraction of the DNA fragments, many
of the diagnostic approaches would have increased sen-
sitivity. Such measurements, however, are often con-
founded by the challenge of sample handling: Any lysis
of maternal lymphocytes after the blood is drawn
would contribute disproportionately longer fragments
than the typical circulating cell-free DNA, thereby ar-
tificially enhancing the apparent size difference be-
tween maternal and fetal DNA. Our own results have
shown a slight enrichment of fetal DNA among the
smaller fragments, but unfortunately not enough to be
practically useful at this point (13 ).

There are many interesting questions about the ori-
gin and nature of circulating cell-free DNA; many have
noted that the fragment size is roughly that of what can be
wrapped around a nucleosome. The sequencing of cell-
free DNA and mapping it back to the chromosome of
origin have revealed a significant periodic enhancement
near transcription start sites (6). In fact, this periodicity
has exactly the same size as a nucleosome and serves as
evidence that nucleosome-protected DNA fragments are
enriched in the circulation.

In this issue of Clinical Chemistry, Lo and collabo-
rators (14 ) report on the size and periodicity of circu-
lating cell-free DNA in organ transplant recipients.
These authors make the intriguing observation that
recipient-specific fragments have an enhanced period-
icity in size that exactly matches the pitch of the double
helix: 10 bp. Several of the peaks can be interpreted in
terms of the known biochemistry of the nucleosome,
and owing to the genetic differences between donor
and recipient, Lo’s group is able to report that circulat-
ing cell-free DNA is primarily hematopoietic in origin.
They also observe a slight shift in length distributions,
indicating that the mean length of donor fragments is a
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bit shorter than that of recipient fragments. The au-
thors suggest that this observation may have some
value in enhancing the sensitivity of noninvasive diag-
nostics, but to what extent one will be able to practically
exploit it remains to be seen. The history of the study of
length effects in noninvasive fetal diagnostics remains a
cautionary tale. The practical challenges notwithstand-
ing, this report presents another interesting twist in
efforts to understand the biological origin of circulat-
ing cell-free DNA and provides several useful hints and
challenges as the research community tries to under-
stand the origin and general phenomena of this incred-
ibly useful property of human biology.
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