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in the present studies; the differences are not statistically
significant.

The major advantage of this method is its simplicity
because only two PCR reactions are used to genotype four
RSPs. This procedure replaces the three pairs of primers
used by Cambien et al. (3) to amplify and determine the
same polymorphisms (codons 10 and 25 are also ampli-
fied in the same PCR reaction) and the design and
temperature optimization of eight ASOs. It also reduces
the processing time per sample because the ASO method
not only needs PCR amplification but also needs 6 h of
hybridization, without taking into account the time for
autoradiography. Digestion with restriction enzymes and
polyacrylamide electrophoresis can be performed in 5 h.
The present restriction enzyme method also avoids the
use of radioactivity (**P-labeled oligonucleotides).

Recently, a codon 10 polymorphism has been charac-
terized by allele-specific amplification (5). Allele-specific
amplification is based on two primers, each differing from
the other in the terminal 3’ nucleotide, which are specific
for each allelic variant. Taq polymerase will not extend if
a mismatch is present at the 3’ end of the primer-template
duplex. This method involves a limited effort because
only one PCR reaction is necessary for each allele-specific
primer. Direct visualization on agarose gels is the only
postamplification processing. However, primer design
and PCR conditions are critical because under some
conditions, a single 3’-mismatched base permits amplifi-
cation (6). Purine-purine and pyrimidine-pyrimidine mis-
matches are more refractory to extension than purine-
pyrimidine mismatches; in such cases, additional
mismatches can be introduced to destabilize the primer-
template duplex and to increase specificity. Magnesium,
dNTPs, Taq polymerase or primer concentrations, and the
precise temperature of annealing must be carefully con-
trolled to maintain the specificity of the reaction (7).

Another three polymorphisms were described by Cam-
bien et al. (3) in the TGFB1 gene. A C—A transversion
was detected at position —988; this could be considered as
a variant because it was present in only 2 of 1000
individuals. A “C” insertion was also reported at position
+72 in the 5'-untranslated region. This polymorphism is
in mutual association with a codon 25 polymorphism (as
shown by the strong linkage disequilibrium coefficient of
—1.0 reported); therefore, we decided to exclude it and to
analyze codon 25 polymorphisms. The +72 polymor-
phism is more difficult to detect than the C—G transver-
sion at codon 25, the latter being easily detected by the
loss of an Fsel site. This allows us to use only one pair of
primers to amplify codons 25 and 10 in one PCR reaction.
Another variant was reported in codon 263. In this case, a
C—T transition produces a Thr***—Ile substitution, the
Thr allele being much more frequent, with only 6.7% of
the subjects analyzed being heterozygous for this poly-
morphism. To our knowledge, there is no available en-
zyme capable of recognizing this substitution; therefore,
the use of allele-specific primers or the design of a
modified primer introducing an artificial restriction site
(8) could be considered.

The genotyping system described here is simple, reli-
able, and relatively inexpensive when a large sample set
needs to be genotyped, and it could be performed in
laboratories without facilities for radioactivity. In the
future, clinical studies on the TGFBI polymorphisms
could confirm suspicions of the crucial role of TGF-B; and
genetic predisposition to several fibrotic diseases.
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Chen et al. (1) and Nawroz et al. (2) have reported that
tumor-derived DNA is detectable in the plasma and
serum of cancer patients and have opened up a new
molecular approach for the early detection of malignancy.
It is not known, however, whether circulating tumor-
derived RNA is also present in plasma, because of the
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lability of RNA. To address this possibility, we used
nasopharyngeal carcinoma (NPC) as a model system and
attempted to detect Epstein-Barr virus (EBV)-latent gene
transcripts in cell-free plasma samples from NPC patients.

NPC constitutes one of the commonest cancers in Hong
Kong and Southern China (3). Previous studies have
indicated that EBV is consistently detected in all undiffer-
entiated NPC cases and is present in all cancer cells (3).
Latent EBV infection is an early event in the development
of this cancer (4). These findings suggested that the EBV
genome and latency products may serve as potential
markers for the screening and diagnosis of this cancer.
Among the EBV-latent genes, the small EBV-encoded
RNAs (EBERs) are expressed in all NPC cases and are the
most abundant latency-associated transcripts in NPC cells
(~10° to 10° copies per cell) and are widely used for the
detection of EBV-associated human tumors, using in situ
hybridization (5). We hypothesize that EBER RNA may
also be detectable in the plasma of NPC patients.

In this study, we used reverse transcription-PCR (RT-
PCR) and oligonucleotide hybridization to analyze the
presence of EBER-1 RNA in cell-free plasma samples of 26
NPC patients and 29 healthy subjects. The project was
approved by the Clinical Research Ethics Committee of
the Chinese University of Hong Kong, and informed
consent was obtained from all participants. Total RNA
was extracted from 250 pL of fresh plasma sample from
each individual, using a Trizol LS kit (Life Technologies)
and following the manufacturer’s recommendations. The
RNA was then dissolved in 5 uL. of RNase-free water, and
2 uL of plasma RNA was subjected to 40 cycles of RT-PCR
amplification, using an EZ rTth RNA PCR kit (PE Applied
Biosystems). The Tth DNA polymerase had both reverse
transcriptase and DNA polymerase activities (6) and thus
was able to perform both reactions in a single tube. For
each sample, duplicate aliquots were subjected to RT-PCR
analysis. Primers specific to the EBER-1 gene were used as
described previously (sense, 5'-AAAACATGCGGAC-
CACCAGC-3’; antisense, 5'-AGGACCTACGCTGCCCT-
AGA-3') (7). The PCR products were analyzed using 3%
agarose gel electrophoresis, and their identities were
confirmed by Southern blotting and hybridization using
an EBER-1-specific internal probe (5'-ACGGTGTCTGTG-
GTTGTICTT-3') (7). A 167-bp RT-PCR product was de-
tected in the plasma samples containing EBER-I RNA
(Fig. 1).

Among the 26 NPC patients, EBER-1 RNA was detected
in 23 of 26 (88.5%) plasma samples. Control reactions
without reverse transcriptase were negative, confirming
that the products were amplified from RNA. In the three
negative cases, transcripts of a housekeeping gene, glyc-
eraldehyde-3-phosphate dehydrogenase (G3PDH), were
detectable, demonstrating the integrity of RNA in these
samples. Among the healthy control subjects, 6 of 29
(20.7%) plasma samples showed detectable EBER-1 RNA.
The difference in the proportion of cases in which EBER-1
RNA was detectable in NPC and non-NPC cases was
statistically significant (x* test, P <0.001). The detection of
EBER-1 RNA in the plasma of the healthy individuals is
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Fig. 1. Detection of EBER-1 RNA in the plasma of NPC patients (/lanes
2-10) and healthy controls (lanes 13-19) by RT-PCR.

Lanes 1 and 12, an EBV-transformed lymphoblastoid cell line (CB14022) as a
positive control; lanes 11 and 20, reagent control without RNA. The 167-bp
EBER-1 RT-PCR product (arrows) is indicated in the positive control lanes (lanes
1 and 12), plasma samples from NPC patients (lanes 2-4 and 6-10), and a
non-NPC control (lane 16).

probably attributable to the presence of latent EBV-in-
fected B lymphocytes in healthy carriers of the virus (3).
This study shows for the first time that cell-free tumor-
related RNA can be detected in the plasma of patients
with NPC. The sensitivity and specificity of the plasma
RNA assay for NPC were 88.5% and 79.3%, respectively.
This novel approach may be useful for early detection of
NPC and other EBV-associated malignancies. The speci-
ficity of the detection method could potentially be in-
creased by testing other NPC-related genes.
Mutirangura et al. (8) have evaluated the presence of
cell-free EBV DNA in the serum samples of NPC patients.
They reported that only 13 of 42 (31%) patients were
positive for EBV DNA in their sera. Using real-time
quantitative PCR, we have detected cell-free EBV DNA in
the plasma of 96% of NPC patients (9). Real-time quanti-
tative PCR can potentially be applied to the detection of
EBV-associated RNA in the plasma of NPC patients. This
approach may potentially enhance the clinical usefulness
of EBV-associated RNA detection for NPC diagnosis
because of improved discrimination between NPC sub-
jects and EBV RNA-positive subjects without NPC. This
development is possible because the latter group of sub-
jects generally has a smaller amount of plasma EBV-
associated RNA (Fig. 1, lane 16, which shows a relatively
weak RT-PCR signal) than those with NPC (Fig. 1, lanes
2-4 and 6-10). A further advantage of real-time PCR for
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NPC diagnosis is that no post-PCR manipulation is nec-
essary, which greatly increases throughput and reduces
the risk of carryover contamination.

Our data highlight the concept that the detection of
tumor-associated RNA in plasma may be a promising
new direction for cancer detection. Recent advances in the
expression genetics of cancer have successfully identified
large panels of differentially expressed genes in human
malignancies (10) and could potentially provide nu-
merous new markers for plasma RNA-based molecular
analysis.
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The blood-brain barrier keeps the protein concentrations
in cerebrospinal fluid (CSF) much lower than in serum
(1-4). However, the CSF apolipoprotein E (apoE) concen-
tration is approximately one-tenth to one-twentieth of the
serum apoE concentration (5-13). Mainly glia cells secrete
apoE in the central nervous system (14-16). CSF apoE is
carried exclusively on HDL, which is the major lipopro-
tein in the CSF (17,18). The CSF apoE concentration
varies in neurological disorders such as central nervous
system inflammatory diseases (5, 19) and Alzheimer dis-
ease (7-13). However, the clinical significance of the CSF
apoE concentration is still unclear.

Recent studies have suggested that the apoE content of
CSF HDL is more important than the CSF apoE concen-
tration (20). HDL enriched with apoE promotes nerve
growth factor-induced neurite outgrowth (20). Because
the number of synapses increases markedly in childhood
(21), the apoE content of CSF HDL might be higher in
children than in adults. To address this question, we
measured the apoE and phospholipid (PL) concentrations
in CSF simultaneously.
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Fig. 1. HPLC elution profiles of CSF and serum.

Lipoproteins were detected by cholesterol monitoring. HDL was the main
lipoprotein in the CSF, and the CSF HDL was larger than the serum HDL. Elution
times for serum lipoproteins are indicated by arrows.
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