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Abstract

Recently, much interest has been developed on the study of circulating DNA in the plasma of humans. These studies have

led to the finding of circulating Epstein-Barr virus (EBV) DNA in the plasma of EBV-associated malignancies, including

nasopharyngeal carcinoma, Burkitt’s lymphoma and Hodgkin’s disease. Clinical data indicate that the detection of plasma/

serum EBV DNA holds promise for the diagnosis and monitoring of these EBV-associated cancers. Many biological and

clinical questions regarding circulating DNA remain unanswered and would be fruitful areas of research over the next few

years.
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Introduction

Epstein-Barr virus (EBV) is a common virus which
has been associated with many human diseases1. Of
particular relevance to this review are the wide
variety of tumours which are associated with EBV,
including nasopharyngeal carcinoma (NPC),
Burkitt’s lymphoma and Hodgkin’s disease1. A
number of antibody-based blood tests are available
for detecting these EBV-associated malignancies2.
However, many of these tests suffer from a lack of
sensitivity or specificity and there is thus a continual
search  for  new tes ts  for  EBV-associa ted
malignancies. This review focusses on the potential
use of EBV DNA in the plasma and serum as a new
tumour marker for this important group of cancers.

Circulating DNA in humans

It has been known for several decades that DNA can
be found in the plasma of humans3-5. Of particular
interest is the demonstration that the concentrations of
circulating DNA are increased in patients with
cancer6,7, systemic lupus erythematosus8 and
thromboembol ism 9.  Recent ly ,  i t  has  been
demonstrated that tumour-associated molecular
alterations, including oncogene mutations10-12,
m i c r o s a t e l l i t e  a l t e r a t i o n s 1 3 - 1 5,  o n c o g e n e
amplifications16 and methylation abnormalities17,18

can be detected in the plasma and serum of cancer

patients. These observations therefore suggest that at
least a proportion of the circulating DNA in cancer
patients is derived from the tumour cells and open up
the exciting possibility of using plasma or serum
DNA as a new class of tumour markers.

As viral nucleic acids have been detected in a variety
of tumour types, it is possible that nucleic acids
derived from viruses may also act as tumour markers
for viral-associated cancers. This latter possibility is
of potential relevance to the detection of EBV-
associated malignancies in which EBV DNA has
been detected in the tumour tissues19.

EBV DNA in the plasma or serum of EBV-
associated malignancies

One of the first EBV-associated malignancy to be
tested for circulating cell-free EBV DNA is NPC,
which is a common tumour type in Southern China
and Southeast Asia1. Thus, Mutirangura et al
demonstrated that EBV DNA could be detected in the
serum of 31% of NPC patients20. Using a sensitive
real time quantitative PCR assay for EBV DNA, Lo et
al have further enhanced the sensitivity of EBV DNA
detection in NPC patients to 96% , while maintaining
a high specificity of 93%21. Lo et al have also
observed a positive correlation between the
concentration of circulating EBV DNA and clinical
staging, thus indicating that the level of plasma EBV
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suggested that at least a portion of the circulating
EBV DNA exists as relatively unprotected DNA
fragments28. It is evident that further research is
necessary to confirm this issue and to possibly
quantify the various molecular species of circulating
EBV DNA.

Kinetics of EBV DNA clearance

The clearance of circulating DNA has been addressed
a number of years ago by investigating the clearance
of injected DNA in laboratory animals33-36. These
early studies have generally found that circulating
DNA species are cleared very rapidly from the
circulation. However, these early experimental
systems are highly artificial, involving the injection
of purified DNA, typically isolated from another
species, into laboratory animals. The relevance of
these studies to the in vivo situation in humans is
therefore unclear. Experimental systems with more
relevance to humans were developed following the
discovery that haemodialysis was associated with the
liberation of DNA into the plasma31,37. However, it
could still be argued that haemodialysis is a non-
physiological scenario involving individuals with
intrinsic impairment in renal function. The recent
discovery of fetal DNA in maternal plasma38 and the
study of the clearance of fetal DNA thus offers the
first truly physiological situation for investigating the
clearance of DNA of human origin from the
circulation39. The results from these recent studies
confirm previous reports that circulating DNA is
indeed cleared from the circulation extremely rapidly,
with a half-life of the order of minutes.

The detection of circulating EBV DNA in the plasma
of EBV-associated malignancies offers another
scenario for the study of DNA clearance from the
circulation. Such a study has recently been reported
and involved the elucidation of the kinetics of plasma
EBV DNA clearance in NPC patients undergoing
radiotherapy23. This study shows that plasma EBV
DNA is cleared from the circulation of NPC patients
with a median half-life of 3.8 days (interquartile
range: 2.4 to 4.4 days)23. Mechanistically, this half-
life can be regarded as consisting of two parts: (a) the
half-life of EBV DNA liberation into the circulation,
most probably as a result of tumour cell death induced
by radiation; and (b) the half-life of EBV DNA
clearance from the plasma once it has been released.
If the rapid kinetics of circulating fetal DNA
clearance39 can be extrapolated to EBV DNA

DNA may be a reflection of the tumour burden in a
particular individual21. In addition, the levels of
circulating EBV DNA have been found to decrease
rapidly in those who respond to radiotherapy21-23. On
the other hand, in individuals who responded poorly
or in those with clinical relapse, EBV DNA is
persistently detectable and in many cases an
increasing trend is observed24-26.  The latter
observation raises the possibility that plasma EBV
DNA measurement may be a valuable tool for the
early detection of tumour recurrence.

The applicability of circulating EBV DNA analysis to
other EBV-associated malignancies has recently been
demonstrated by the detection of EBV DNA in the
serum of patients with Hodgkin’s disease27,28. Similar
to the studies by Lo et al21,23,24, Gallagher et al have
also utilised a real time quantitative PCR assay in
their study28. The sensitivity and dynamic range of
real time PCR have been reaffirmed by these studies
and it is likely that this technique will have an
important clinical role to play if and when plasma
EBV DNA analysis were to be introduced in routine
laboratory of patients with EBV-associated
malignancies.

Mechanisms of liberation of EBV DNA

The potential mechanisms responsible for the
liberation of cell-free EBV DNA in the plasma of
patients with EBV-associated malignancies remain
unclear. Mutirangura et al reported an interesting
correlation between apoptosis in NPC tissues and the
presence of EBV DNA in the serum of NPC
patients20. Along the same line of reasoning, Lo et al
have also reported that there is a transient elevation in
the levels of plasma EBV DNA during the first weeks
of radiotherapy23. These latter observations are
consistent with the liberation of EBV DNA following
radiation-induced tumoral cell death. Outside the
EBV field, plasma DNA has also been suggested by
various authors to be related to tumoral and other
types of cell death29-32.

Much work still remains to be done with regard to the
elucidation of the molecular nature of the circulating
EBV DNA that is found in the plasma of patients with
EBV-associated malignancies. Theoretically,
circulating EBV DNA could consist of fragments of
the EBV genomes, or even intact and potentially
infectious virions. The performance of experiments
involving DNase which digests ‘naked’ DNA has
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clearance, then one can argue that most of the
observed EBV DNA clearance half-life is taken up by
process (a). In other words, the determination of the
kinetics of EBV DNA clearance following
radiotherapy allows one to estimate the rate of tumour
cell death following treatment. With further study, it
is envisaged that this may be developed into a method
for determining the radiosensitivity of a particular
tumour. Apart from NPC, this type of analysis can
also be readily applied to other EBV-associated
malignancies and other modalities of treatment, such
as chemotherapy. It is optimistic that this type of
development may allow one to evaluate the in vivo
efficacy of new therapeutic modalities for these
malignancies.

Functionality of Circulating DNA

An important issue that remains to be addressed is
whether DNA in the plasma is transcriptionally
active. This question can also be readily applied to
circulating fragments of EBV DNA. In this regard it
is interesting to note that Holmgren et al observed the
uptake of apoptotic bodies of EBV-carrying cell lines
by a number of EBV-negative cell types40. They
reported the surprising observation that the uptake of
these apoptotic bodies resulted in the expression of
EBV-encoded genes. These results therefore
suggested that DNA in apoptotic bodies may be
rescued and reused by somatic cells.

Additional evidence that circulating DNA may be
functional is provided by Garcia-Olmo et al who
demonstrated that plasma from rats carrying cancer
cells containing a genomic tag was able to transfer the
tag onto cells which did not contain the tag at the
beginning of the experiment41. These investigators
suggested that such transfer of DNA might play a role
in tumoral metastasis, a mechanism that they have
termed “genometastasis”41,42.  The potential
importance of circulating DNA in the metastatic
phenomenon could also be seen in the report by
Sugihara et al who observed that the treatment of
mice with DNase I reduced the occurrence of liver
metastasis in mice transplanted with tumours43. It is
thus clear that future work studying on the potential
functionality of circulating DNA may yield important
information of biological and potential clinical
significance.

Circulating RNA

Most of the published work on circulating nucleic
acids has focussed on circulating DNA, with
relatively little attention being paid to the possibility
that circulating RNA may also exist. Early work has
demonstrated the existence of RNA in the
nucleoprotein complex that is released by human
lymphocytes and amphibian cells in culture44.
Similarly, an RNA-proteolipid complex has also been
detected in serum samples obtained from patients
with a variety of cancer, but not in individuals without
malignant disease45. Prompted by these early results,
our group has recently reported the detection of
circulating EBV-associated RNA in the plasma of
NPC patients46. Kopreski et al have also reported data
consistent with ours by detecting tumour-derived
tyrosinase mRNA in the serum of patients with
malignant melanoma47. Taken together, these data
strongly support the existence of circulating tumour-
derived RNA in the cell-free fraction of blood in
cancer patients. Further work would be required to
establish quantitative parameters governing
circulating RNA, and to correlate the relative levels of
plasma RNA and DNA. Theoretically, the ability to
detect circulating tumour-derived mRNA would
provide a non-invasive handle on the transcriptional
activity of a particular tumour, both at presentation
and during treatment.

Conclusions

In conclusion the recent scientific interest in
circulating nucleic acids has provided many powerful
tools in the diagnosis and monitoring of EBV-
associated malignancies. Early data have indicated
that plasma DNA-based markers might be some of
the most accurate and clinically relevant markers for
these malignancies. Apart from EBV-associated
cancers, these findings might also be extrapolated to
other biological and clinical aspects of circulating
nucleic acids. As many questions remain unanswered,
it is hoped that studies over the next few years would
further enhance our understanding of this emerging
field.
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