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Abstract. Background: The plasma Epstein-Barr virus DNA
(EBV-DNA) level has been found to be an indicator for
staging and prognosis of nasopharyngeal carcinoma (NPC).
Materials and Methods: The EBV-DNA level in plasma,
peripheral blood cells (PBC) and neoplastic tissues was
quantitatively analyzed and potential associations with clinical
parameters of NPC were investigated. Results: The plasma
EBV-DNA detecting rate and level in NPC (92%, 82,500
copies/ml) was significantly higher than that in NPC after
treatment (19%, 0 copy/ml) and in controls (12%, 0 copy/ml)
(p<0.001); while there was no significance of the PBC EBV-
DNA detecting rate and EBV-DNA load in NPC before (24%,
0 copylactin) and after treatment (14%, 0 copylactin), and in
controls (16%, 0 copylactin). The plasma EBV-DNA level was
not correlated to the PBC EBV-DNA load in NPC before
(p=0.92) and after treatment (p=0.267), and in controls
(p=0.735). The EBV-DNA level in NPC tumor (27.8
copiesfactin) was  significantly higher than that in
nasopharyngitis and was positively correlated to the ratio of
EBERI-positive cells on the NPC section (p=0.001). The
plasma EBV-DNA level was significantly increased in TNM
stages I, II, III and IV NPC, whereas there was no significant
difference of PBC EBV-DNA load in different stage NPC.
Conclusion: Our results indicate that plasma EBV-DNA is a
more sensitive and reliable biomarker than PBC EBV-DNA for
diagnosis, staging and therapeutic effect evaluation at a
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molecular level in NPC clinical practice. Plasma EBV-DNA
may derive from the cancer cells and PBC EBV-DNA from
circulating mononuclear cells in NPC patients.

The Epstein-Barr virus (EBV) infects both epithelial cells
and B lymphocytes in vivo and is associated with
malignancies which arise in both cell types, including
nasopharyngeal carcinoma (NPC), Burkitt’s lymphoma and
infectious mononucleosis (1,2). NPC is one of the most
common cancers in southern China. EBV infection, genetic
and environmental factors have been reported as being
important etiological factors in the tumorigenesis of NPC
(3-6). Recently, serum/plasma EBV-DNA was detected in
high incidence in NPC patients, and it was regarded to be a
reliable tumor marker for NPC (7,8). Quantitative analysis
revealed that the pretreatment plasma EBV-DNA level was
strongly associated with the overall survival of NPC patients
and was a powerful prognostic factor of NPC (9,10). The
persistence of serum/plasma EBV-DNA after completion of
radiotherapy of NPC has been found to be a bad prognostic
sign (9,11). PBC EBV-DNA was also reported to be a
sensitive marker for prediction of survival and distant
metastasis of NPC (12). However, little quantitative
information is available regarding the associations of the
plasma EBV-DNA level, PBC EBV-DNA load, tumor tissue
EBV-DNA level and their correlations with clinical
parameters of NPC.

In the present study, by using the RQ-PCR technique, we
performed this investigation to compare the variation of the
EBV-DNA level in plasma, PBC and tumor tissues in NPC
and their correlations to each other before and after
treatment. Moreover, we determined whether the plasma
EBV-DNA level and PBC EBV-DNA load had any
association with clinical parameters of NPC. The data
presented here not only demonstrated the sensitivity and
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Table 1. Summary of clinical parameters of the 150 NPC patients.

Parameters Cases.

Total 150
Gender Male 41
Female 109

TNM stage*™ I 13
I 50

111 51

v 36

*The China 92 TNM stage system (13)

reliability of plasma EBV-DNA in therapeutic effect
evaluation and staging at a molecular level in NPC practice,
but also assist in better understanding the biological
significance of the serum/plasma EBV-DNA in NPC.

Materials and Methods

Patients and tumor materials. Patients with histologically confirmed
NPC, attending the Cancer Center, Sun Yat-Sen University
(Guangzhou, China), were recruited for this study. Blood samples
included 150 primary NPC and 75 healthy people. The clinical
parameters of the NPC patients are summarized in Table I.
Disease stage was determined in accordance with the China 92
TNM stage classification (13,14). Biopsy specimens included 49
tumor tissues corresponding to part of the NPC blood samples and
47 nasopharyngitis tissue samples. At the time of the second blood
sampling of NPC after completion of treatment, clinical and fiber-
optic nasopharyngoscopic examinations and tumor biopsies were
carried out.

DNA extraction. Samples of peripheral blood (5ml) were collected
in an EDTA tube from all subjects and were centrifuged at 1600g
for 15 min for isolation of plasma and PBC. DNA from plasma and
PBC were extracted using the QIAamp Blood Kit (Qiagen, Hilden,
Germany) and the "blood and body fluid protocol", as
recommended by the manufacturer. A total of 500 ul of each
plasma sample was used for DNA extraction per column and the
final elution volume was 50 ul from the extraction column. The
DNA from the NPC tumor tissue section was extracted using the
DNeasy Tissue Kit (Qiagen) as in "isolation of DNA from paraffin-
embedded tissue" recommended by the manufacturer.

Real-time quantitative PCR. The principles of RQ-PCR were
described previously (10,15-17). The RQ-PCR system for EBV-DNA
(GenBank Sequence Database, accession number V01555) detection
towards the BamHI-W region consisted of the amplification primers
W-44F: 5’- AGTCT CTGCC TCCAG GCA - 3’ and W-119R: 5’ -
ACAGA GGGCC TGTCC ACCG - 3, and the dual-labelled
fluorescent probe W-67T: 5’- (FAM) CACTG TCTGT AAAGT
CCAGC CTCC (TAMRA) - 3°. The RQ-PCR system for the f-actin
gene consisted of forward primer F: 5 - ACAGG CACCA GGGCG
TGATG G - 3% reverse primer R: 5’ - CTCCA TGTCG TCCCA
GTTGG T - 3’, and the dual-labelled fluorescent probe: 5’ - (FAM)
CATCC TCACC CTGAA GTACC CCATC (TAMRA) - 3.
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Duplicate amplification reactions were performed in a 96-well
microplate. The real-time PCR protocol and the results analysis
were described previously (15). The plasma level of EBV-DNA and
the p-actin gene was expressed as copies/ml, calculated using the
following equation (10): C=Q x Vpna/Vpcr X 1/Vgxr which C
represents the target concentration in plasma (copies/ml), Q
represents the target quantity (copies) determined by a sequence
detector in a PCR, Vpya represents the total volume of DNA
obtained after extraction (typically 50 ul), Vpcg represents the
volume of DNA solution used for PCR (typically 2 ul) and Vgxr
represents the volume of plasma extracted (typically 0.5 ml).

The EBV-DNA in PBC and NPC tumor tissue was expressed as
copy/actin by calculating the ratio of EBV-DNA copies to f-actin
gene copies in the same tested samples, thus precisely indicating
the relative EBV-DNA level in the tested samples.

Nested PCR amplification. The nested PCR to amplify the EBV-DNA
W fragment was designed with two pairs of primers. The first round
PCR primers were primer F: 5- GCCAG AGGTA AGTGG ACTTT
- 3’ and primer R: 5- TGGAG AGGTC AGGTT ACTTA - 3’ from
which a 240bp PCR product was generated. The second round PCR
primers were primer F: 5- TTCTG CTAAG CCCAA CACTC - 3" and
primer R: 5" - TGAAG GTGAA CCGCT TA - 3’, which generated a
192bp PCR product. Both rounds PCR reactions were set up in a
volume of 25 ul, which contained 10 x buffer 2.5 ul, 10 mM dNTPs 0.5
ul, I mM MgCl,, 1.5 U of Ampli Taq Gold, 10pmol or 50pmol (the
second round) of each primer and 2 pl of DNA template. PCR
reactions were carried out in a 9600 amplifier (Applied Biosystems Inc.,
USA). Thermal cycling was initiated with 10 min at 95°C followed by
10 cycles at 95°C for 45 sec, 55°C for 1 min, then 30 cycles at 95°C for
30 sec and 55°C for 45 sec. Multiple blanks were set up as negative
control. The nested PCR products of PBC are presented in Figure 1.

EBERI in situ hybridization. EBER1 ISH was performed to calculate
the ratio of tumor cells on the tissue section of NPC. A 30-base
fluorescein-conjugated oligonucleotide probe, corresponding to the
EBER1 gene, was used (EBV Probe ISH Kit; Novocastra
Laboratories Ltd., Newcastle, UK). EBV-infected tonsil sections
supplied with the kit were used as positive controls. The fluorescein-
labelled random oligonucleotide cocktail probe supplied with the
kit was used as a negative control probe. Briefly, paraffin sections
were dewaxed, dehydrated, air-dried, predigested with proteinase
K, hybridized overnight with FITC-labelled antisense probe, which
was detected by an alkaline phospatase-conjugate anti-FITC
antibody, and visualized with 5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium (BCIP/NBT) alkaline phosphatase
enzyme substrate (18). A strong nuclear positive signal was observed
for EBER1-positive cells (Figure 2).

Statistical analysis. The plasma EBV-DNA level, PBC EBV-DNA
load and NPC neoplastic tissue EBV-DNA level were compared
using the Mann-Whitney rank-sum test. The plasma EBV-DNA level
and PBC EBV-DNA load in NPC patients before and post treatment
were analyzed using the Wilcoxon Signed Ranks Test. The Chi-
square and Fisher’s exact test were used to analyze the difference of
proportions. The Pearson correlation coefficient was used to analyze
the correlations between the plasma EBV-DNA level and PBC EBV-
DNA load, as well as between the EBV-DNA level and EBER1-
positive cell ratio in the neoplastic NPC tissue. A value that was equal
to or less than 0.05 was considered statistically significant.



Shao et al: EBV-DNA Level in Plasma, PBC and Tumor Tissue in NPC

N4 N3

N6

NS

192bp

PL P2 P3 P4 PS5 P6 P7 P8

192bp

B

N2 N1 +

P9 P10 P11 P12 P13 +

Figure 1. Nested PCR amplification of PBC EBV-DNA from NPC patients. A: RQ-PCR- negative samples were positive with nested PCR detection
(lanes N2 and N6). B: RQO-PCR-positive samples were positive with nested PCR detection (Lanes P1, P4 — P13). Marker (M) sizes were 100bp, 250bp,
500bp, 750bp, 1000bp and 2000bp DNA fragment. "+" denotes positive control and "-" denotes negative control.

Results

Detection of plasma EBV-DNA level and PBC EBV-DNA
load in NPC. By using RQ-PCR, plasma EBV-DNA was
detected in 92% (138/150), 19% (26/138) and 12% (9/75) of
primary NPC before treatment, in NPC after completion of
treatment and in control subjects, respectively. The
detection rate of plasma EBV-DNA in NPC prior to
treatment was significantly higher than that in NPC after
completion of treatment and in controls (Chi-square test,
p<0.001) (Figure 3A). The median plasma EBV-DNA level
was 82,500 copies/ml (quartiles range 10,727-387,500
copies/ml) in NPC, which was significantly higher than that
in controls (median, 0 copy/ml, quartiles range 0-0 copy/ml)
(Mann-Whitney rank-sum test, p=0.0000) and in NPC after
completion of treatment (median, 0 copy/ml, quartiles range
0-0 copy/ml) (Wilcoxon test, p=0.0001) (Figure 3B).

By using RQ-PCR, PBC EBV-DNA was detected in 24%
(34/143), 14% (19/132) and 16% (12/75) in NPC before
treatment, after completion of treatment and in controls,
respectively. There was no significant difference in the
detection rate in different subjects (Figure 3A). The median
PBC EBV-DNA load was 0 copy/actin (quartiles range, 0-0
copy/actin) in NPC before and after treatment, as well as in
controls, and there was no statistical significance between
each subject (Figure 3B).

The plasma EBV-DNA level was not correlated to the
corresponding PBC EBV-DNA load in NPC before
(Spearman test, p=0.92) and after treatment (Spearman
test, p=0.267), as well as in controls (Spearman test,
p=0.735).

For comparison of the sensitivity of the RQ-PCR and
nested PCR technique, a nested PCR protocol was used to
detect PBC EBV-DNA in a randomly selected 36 RQ-PCR-
positive and 36 negative NPC. In total, PBC EBV-DNA was
detected in 75% (64/72) of NPC. In 36 patients who were
positive with RQ-PCR detection, 34 (94%) were positive
with nested PCR; in 36 patients who were negative with RQ-
PCR detection, 20 (55%) were positive with nested PCR.

Detection of EBV-DNA and EBERI in neoplastic tissue of
NPC. By using RQ-PCR, EBV-DNA was detected in 100%
(49/49) of NPC tissues and 40% (19/47) of nasopharyngitis
tissues. The detection rate was statistically significant
(p<0.01, Chi-square test). The EBV-DNA level in NPC
tissues was 27.8 copies/actin (median, quartiles range 6.35-
279.5 copies/actin), which was significantly higher than that
in nasopharyngitis tissues (median, 0 copies/actin; quartiles
range 0-0.000923 copies/actin). No correlation of EBV-
DNA level between NPC tumor tissue and the
corresponding plasma (Spearman test, p=0.247) and PBC
(Spearman test, p=0.673) was observed.
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Figure 2. EBERI ISH results of different histological types of NPC. A: NPC with lymphocyte infiltration B: This case showed only parts of the tissue cells
were NPC neoplastic cell and were EBERI-positive. C: Undifferentiated NPC showed no lymphocytes infiltration D: This case presented that most of the

tissue cells were NPC neoplastic cell and were positive for EBERI.

By ISH, EBER1 was detected in 100% (49/49) of NPC
tumor, but was undetectable in all nasopharyngitis. By using
the Computer Image Analysis technique, the median ratio of
EBERI1-positive cells to total cells on the NPC tumor section
was 0.35 (quartiles range, 0.22-0.50), which was positively
correlated with the EBV-DNA level in the corresponding
NPC tissue (Spearman test, p=0.001) (Figure 4).

Correlation of plasma EBV-DNA level, PBC EBV-DNA load
to TNM stage of NPC. By using RQ-PCR, plasma EBV-DNA
was detected in 50% (2/4), 94%(32/34), 91%(59/65) and
94%(44/47) in TNM stages I, 11, III and IV NPC before
treatment, respectively. There was no significant difference
of the detection rate in different stage NPC (Chi-square test,
p>0.05) (Figure 5A). The median plasma EBV-DNA levels
were 2,500 (quartiles range, 0-11,885), 32,590 (quartiles
range, 8,875-122,900), 86,000 (quartiles range, 11,000-
433,000) and 166,200 (quartiles range, 15,000-1,118,000)
copies/ml in TNM stages I, II, III and IV NPC, respectively.
The plasma EBV-DNA level was increased significantly from
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stage I to stage IV, with statistical differences (Kruskal-
Wallis test, p=0.004) (Figure 5B).

By RQ-PCR technique, PBC EBV-DNA was detected in
25% (1/4), 10% (3/30), 26.6% (17/64) and 28.9% (13/45) in
TNM stages I, 11, IIT and IV NPC, respectively. There was
no significance of the detection rate in different TNM stage
NPC (Chi-square test, p=0.06) (Figure 5A). The median
PBC EBV-DNA load was 0 copies/actin (quartiles range, 0-
0 copies/actin) in all different TNM stage NPC, and no
significant difference was observed (Kruskal-Wallis test,
p=0.299) (Figure 5B).

By using nested PCR, PBC EBV-DNA was detected in
84.3% (43/51) of late stage (stage III + IV) NPC, which was
higher than that in stage I+II NPC (50%, 7/14); with a
significant difference (Chi-square test, p<0.05). The median
level of EBV-DNA in NPC tissues were 40 (2-78), 3.17 (3-
35), 24.65 (11-352) and 93.9 (18-1126) copies/actin in TNM
stages I, II, III and IV of NPC, respectively. There was no
significant difference of the EBV-DNA level in different
stage NPC.
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Figure 3. Correlations of plasma EBV-DNA and PBC EBV-DNA with NPC. A: Primary NPC showed significantly higher detection rate than controls
and NPC after treatment, while the PBC EBV-DNA detection rate was not significant in these different subjects. B: Primary NPC presented significantly
higher plasma EBV-DNA level than controls and NPC after treatment, whereas the PBC EBV-DNA load was not significant in these subjects. Series B
denotes NPC before treatment, Series A denotes NPC after completion of treatment, Series C denotes control subject.

In NPC patients with NOMO stage, the plasma EBV-DNA
level was positively correlated with T stage. The plasma
EBV-DNA level was 4,050 copies/ml (median, quartiles
range 331-14,052 copies/ml) in early T stage (T1 + T2)
NPC, which was significantly lower than that in late T stage
(T3 + T4) NPC (median, 17,165 copies/ml, quartiles rang,
1,930-191,150 copies/ml) (Mann-Whitney rank-sum test,
p=0.03) (Figure 5C). In NPC patients with N*M* stage,
there was no significance of plasma EBV-DNA level
between late T stage (T3+T4) NPC (median, 100,000
copies/ml, quartiles range, 10,660-218,000 copies/ml) and
early stage (T1+T2) NPC (median, 420,000 copies/ml,
quartiles ranges, 11,380-4,760,000 copies/ml) (Mann-
Whitney rank-sum test, p=0.09) (Figure 5D).

Discussion

The demonstration of tumor-derived genetic alterations in the
plasma and serum of cancer patients supported that part of
the circulating DNA may be released by tumor cells (19-21).
NPC has a very strong association with EBV infection, thus
targeting EBV-DNA in the plasma and serum of NPC
patients would be reasonable in NPC clinical practice.
Previous studies have detected a high incidence of
plasma/serum EBV-DNA in NPC patients, and have revealed
that the plasma EBV-DNA level was a tumor marker that
could be used in staging and prognosis of NPC (7-
11,15,22,23). Besides plasma/serum EBV-DNA, PBC EBV-
DNA (EBNA-1 fragment) was also detected with high

Ratio of EBV-DNA to B-actin (Log)

Ratio of EBER1-positive cells to total cells

Figure 4. Correlation of the EBV-DNA level with EBER1-positive cell
ratio in NPC tumor tissue. The result showed that the EBV-DNA level was
positively correlated to the EBER] -positive cell ratio in NPC tumor tissue.

incidence (71%) in NPC patients, which was regarded as
being a risk factor for predicting distant metastasis and lower
survival rate(12). In this study, we first compared the EBV-
DNA status in plasma and PBC simultaneously in large
samples of NPC by using the RQ-PCR technique. Plasma
EBV-DNA was detected in 92% (138/150) of NPC, the
detection rate being in accordance with previous studies
(15,22) and significantly higher than that in controls (12%)
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Figure 5. Correlations of plasma EBV-DNA and PBC EBV-DNA with TNM stage of NPC. A: EBV-DNA detection rate in plasma was significantly higher
than that in PBC in different stage NPC, but no significance was observed. B: Plasma EBV-DNA was closely correlated to TNM stage progression of NPC,
whereas PBC EBV-DNA presented no significance in different stage NPC. C: Significance of plasma EBV-DNA level was observed between early T stage
(T1+712) and late T stage (T3+T4) NPC when the patients had no lymph node and/or organ metastasis (NOMO0).D: No significance of plasma EBV-
DNA was observed between early T stage (T1+T2) and late T stage (T3+T4) NPC when the patients had lymph node and organ metastasis (N*M*).

and NPC after completion of treatment (19%). By the RQ-
PCR technique, PBC EBV-DNA was detected in 24% of
NPC, the detection rate being lower than that (71%) by using
nested PCR, reported by Lin et al. (12), and significantly lower
than that of plasma EBV-DNA in NPC. No significance of the
PBC EBV-DNA detection rate was observed between NPC
prior to and post treatment, as well as the control subjects.
These results strongly suggest that plasma EBV-DNA is a
sensitive biomarker for NPC clinical practice.

In this investigation, we first compared the variation of
plasma EBV-DNA level and paired PBC EBV-DNA load
simultaneously in a group of NPC patients, before and after
completion of treatment. We found that the plasma EBV-
DNA level decreased sharply from 42,000 copies/ml
(median, before treatment) to 0 copy/ml (median), while the
PBC EBV-DNA load presented no change in NPC patients
after completion of treatment. In addition, there was no
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correlation of plasma EBV-DNA level to corresponding
PBC EBV-DNA load in NPC patients before (p=0.92) and
after treatment (p=0.555), as well as in control subjects
(p=0.735). These results proved that, unlike the plasma
EBV-DNA level, the PBC EBV-DNA load remained stable
in NPC patients before and after treatment, Plasma EBV-
DNA may be released by the tumor cells, but not PBC in
NPC patients, which is a more reliable marker for
evaluating the therapeutic effect of NPC treatment.

A recent study has demonstrated that 85% of apparently
healthy adults have serological evidence of prior EBV
infection and carry about 1 viral genome/10° B cells (17).
Theoretically, RQ-PCR can detect EBV-DNA at a sensitivity
of 100 to 1000 copies per ml of plasma, whereas the nested
PCR has a sensitivity of 1 copy viral genome /107 B cells,
which is 10 to 100 times higher than the sensitivity of RQ-
PCR (24,25). In the present study, PBC EBV-DNA could be
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detected in 75% of NPC (in 94% of RQ-PCR-positive and
in 55% of RQ-PCR-negative NPC) patients by nested PCR.
The detection rates of PBC EBV-DNA by nested PCR were
in accord with those previously reported in NPC patients
(71%) and in healthy subjects (52%) (11,22). These results
verified that the nested PCR was more sensitive than RQ-
PCR for the detection of EBV-DNA in NPC patients. Since
there was no difference in PBC EBV-DNA load in NPC
patients before and after completion of treatment, as well as
in controls, we suggest that PBC EBV-DNA in NPC patients
originated from circulating mononuclear cells, rather than
disseminated cancer cells.

Previous studies have supposed that the liberation of EBV-
DNA into the blood may be related to the tumor load. We
found evidence that the plasma EBV-DNA level is correlated
with primary tumor invasiveness of NPC. In NPC patients
with NOMO stage (to eliminate metastatic tumor factors), the
advanced T stage (T3 + T4) presented a higher plasma EBV-
DNA level than early T stage (T1+T2) NPC patients.
Whereas when the NPC cases included lymph node and organ
metastasis (N*M* stage), there was no significance of plasma
EBV-DNA level between advanced T stage (T3+T4) and
early stage (T1+T2) NPC. Moreover, the difference of plasma
EBV-DNA level among these four stages was statistically
significant. There was no correlation between PBC EBV-
DNA load and detection rate and disease stage of NPC.
However, the plasma EBV-DNA level was strongly correlated
with tumor stage of NPC, suggesting that the plasma EBV-
DNA is more useful than the PBC EBV-DNA load for NPC
staging. The circulating EBV-DNA level may be a reflection
of tumor burden, which will be helpful in improving the
traditional TNM staging system at the molecular level.

The RQ-PCR assay enables us to quantify the amplified
products in the log-phase of the reaction. Moreover, this
assay does not require post-sample handling and thus can
avoid contamination because the technique is performed in
completely sealed wells. This is a great improvement over
the nested PCR assays, which have considerable risks of
carryover contamination. With its rapidity, accuracy and
ability to handle many samples, considering the readily
obtainable serum and plasma as well as easy handling of
DNA from them, we suggest that RQ-PCR is more
applicable and useful than nested PCR for cell-free EBV-
DNA detection in NPC.

The expression of the virus-encoded EBER1 has been
accepted as a marker of EBV latency and was regarded as
a valuable diagnostic criterion. EBER1 ISH in the tumor
tissue section has been widely used diagnostically as
evidence of EBV-positivity in tumor samples (18,26). In the
present study, EBER1 and EBV-DNA (BamHI-W
fragment) were detected in NPC tumor tissues by EBER1
ISH and RQ-PCR protocols. Our results are consistent
with previous reports and support the previous view that all

histological types of NPC are, in reality, variants of EBV-
infected neoplasia (27). Particularly, an expected positive
correlation between these two markers has demonstrated
that the higher the proportion of EBER1 ISH-positive cells
in the tissue section, the higher the ratio of EBV-DNA/j-
actin presented in the tumor tissue sample. Both the
EBER1 ISH-positive cell proportion and EBV-DNA/B-
actin ratio (RQ-PCR) in the tumor tissue showed no
associations with the plasma EBV-DNA level, PBC EBV-
DNA load and TNM stage of NPC patients. This result
may due to the small size of the biopsy specimen obtained,
which could not reflect the total tumor volumes.

In summary, our results demonstrated that plasma EBV-
DNA is a more sensitive and reliable biomarker than PBC
EBV-DNA for therapeutic effect evaluation, improving the
TNM staging system at a molecular level in NPC clinical
practice. Plasma EBV-DNA may be released by NPC cancer
cells, being a reflection of the primary tumor burden. PBC
EBV-DNA in NPC patients may originate from circulating
mononuclear cells.

Acknowledgements

This work was supported in part by the Chinese State Key Basic
Research Project, Contract No. G1998051201; The National
Natural Science Fund, Contract No: 31371593; The Foundation of
Guangdong Science and Technology Committee, Contract No:
2003A3080202; and The Foundation of Guangzhou Science and
Technology Committee, Contract No: 20031-E0341, P.R.China.

References

1 Pathmanathan R, Prasad U, Chandrika G, Sadler R, Flynn K and
Raab-Traub N: Undifferentiated, nonkeratinizing, and squamous
cell carcinoma of the nasopharynx. Variants of Epstein-Barr
virus-infected neoplasia. Am J Pathol 146: 1355-6137, 1995.

2 Kingma DW, Weiss WB, Jaffe ES, Kumar S, Frekko K and
Raffeld M: Epstein-Barr virus latent membrane protein-1
oncogene deletions: correlations with malignancy in Epstein-
Barr virus-associated lymphoproliferative disorders and
malignant lymphomas. Blood 88: 242-51, 1996.

3 Ablashi DV, Levine PH, Prasad U and Pearson GR: Fourth
International Symposium on nasopharyngeal carcinoma
application of field and laboratory studies to the control of
NPC. Cancer Res 43: 2375-2378, 1983.

4 Feng BJ, Huang W, Shugart YY, Lee MK, Zhang F, Xia JC,
Wang HY, Huang TB, Jian SW, Huang P, Feng QS, Huang LX,
Yu XJ, Li D, Chen LZ, Jia WH, Fang Y, Huang HM, Zhu JL,
Liu XM, Zhao Y, Liu WQ, Deng MQ, Hu WH, Wu SX, Mo
HY, Hong MF, King MC, Chen Z and Zeng YX: Genome-wide
scan for familial nasopharyngeal carcinoma reveals evidence of
linkage to chromosome 4. Nat Genet 37: 395-399, 2002.

5 Shao JY, Wang HY, Huang XM, Feng QS, Huang P, Feng BJ,
Huang LX, Yu XJ, Li JT, Hu LF, Ernberg I and Zeng YX:
Genome-wide alleotype analysis of sporadic primary
nasopharyngeal carcinoma from Southern China. Int J Oncol
17: 1267-1275, 2000.

4065



ANTICANCER RESEARCH 24: 4059-4066 (2004)

6 Shao JY, Huang XM, Yu XJ, Huang LX, Wu QL, Xia JC,
Wang HY, Feng QS, Ren ZF, Ernberg I, Hu LF and Zeng YX:
Loss of heterozygosity and its correlation with clinical outcome
and Epstein-Barr virus infection in nasopharyngeal carcinoma.
Anticancer Res 27(4B): 3021-3029, 2001.

7 Mutirangura A, Pornthanakasem W, Theamboonlers A,
Sriuranpong V, Lertsanguansinchi P, Yenrudi S, Voravud N,
Supiyaphun P and Poovorawan Y: Epstein-Barr viral DNA in
serum of patients with nasopharyngeal carcinoma. Clin Cancer
Res 4: 665-669, 1998.

8 Shotelersuk K, Khorprasert C, Sakdikul S, Pornthanakasem W,
Voravud N and Mutirangura A: Epstein-Barr virus DNA in
serum/plasma as a tumor marker for nasopharyngeal cancer.
Clin Cancer Res 6: 1046-1051, 2000.

9 Lo YM, Chan AT, Chan LY, Leung SF, Lam CW, Huang DP
and Johnson PJ: Molecular prognostication of nasopharyngeal
carcinoma by quantitative analysis of circulating Epstein-Barr
virus DNA. Cancer Res 60: 6878-6881, 2000.

10 Lo YM, Chan LY, Chan AT, Leung SF, Lo KW, Zhang J, Lee

JC, Hjelm NM, Johnson PJ and Huang DP: Quantitative and

temporal correlation between circulating cell-free Epstein-Barr

virus DNA and tumor recurrence in nasopharyngeal carcinoma.

Cancer Res 59: 5452-5455, 1999.

Chan AT, Lo YM, Zee B, Chan LY, Ma BB, Leung SF, Mo F,

Lai M, Ho S, Huang DP and Johnson PJ: Plasma Epstein-Barr

DNA and residual disease after radiotherapy for

undifferentiated nasopharyngeal carcinoma. J Nat Cancer Inst

94:1614-1619, 2002.

12 Lin JC, Chen KY, Wang WY, Jan JS, Liang WM, Tsai CS and
Wei YH: Detection of Epstein-Barr virus DNA in the
peripheral-blood cells of patients with nasopharyngeal
carcinoma: relationship to distant metastasis and survival. J Clin
Oncol 19: 2607-2615, 2001.

13 Min HQ, Hong MH, Ma J, Zhang EP, Zheng QX, Zhang J,
Zhang JM, Zhang F, Su Y and Qiu F: A new staging system for
nasopharyngeal carcinoma in China. Int J Radiat Oncol Biol
Phys 30: 1037-1044, 1994.

14 Hong MH, Mai HQ, Min HQ, Ma J, Zhang EP and Cui NJ: A
comparison of the Chinese 1992 and fifth-edition International
Union Against Cancer staging systems for staging
nasopharyngeal carcinoma. Cancer 89: 242-247, 2000.

15 Shao JY, Li YH, Gao HY, Wu QL, Cui NJ, Zhang L, Cheng G,
Hu LF, Ernberg I and Zeng YX: Comparison of plasma
Epstein-Barr virus (EBV) DNA levels and serum EBV
immunoglobulin A/virus capsid antigen antibody titers in
patients with nasopharyngeal carcinoma. Cancer 700: 1162-
1170, 2004.

16 Gibson UE, Heid CA and Williams PM: A novel method for
real time quantitative RT-PCR. Genome Res 6: 995-1001, 1996.

17 Lo YMD, Tein MSC, Lau TK, Haines CJ, Leung TN, Poon
PMK, Wainscoat JS, Johnson PJ, Chang AMZ and Hjelm NM:
Quantitative analysis of fetal DNA in maternal plasma and
serum: implications for noninvasive prenatal diagnosis. Am J
Hum Genet 62: 768-775, 1998.

1

—

4066

18 Tsai ST, JinYT and Su 1J: Expression of EBER1 in primary and
metastatic NPC tissues uing in situ hybridization. A correlation
with WHO histologic sub-types. Cancer 77: 231-236, 1996.

19 Stroun M, Anker P, Maurice P, Lyautey J, Lederrey C and
Beljinski M: Neoplastic characteristics of the DNA found in the
plasma of cancer patients. Oncology 46: 318-322, 1989.

20 Chen XQ, Stroun M, Magnenat JL, Nicod LP, Kurt AM,
Lyautey J, Lederrey C and Anker P: Microsatellite alterations
in plasma DNA of small cell lung cancer patients. Nat Med 2:
1033-1035, 1996.

21 Nawroz H, Koch W, Anker P, Stroun M and Sidransky D:
Microsatellite alterations in serum DNA of head and neck
cancer patients. Nat Med 2: 1035-1037, 1996.

22 Lo YM, Chan LY, Lo KW, Leung SF, Zhang J, Chan AT, Lee
JC, Hjelm NM, Johnson PJ and Huang DP: Quantitative
analysis of cell-free Epstein-Barr virus DNA in plasma of
patients with nasopharyngeal carcinoma. Cancer Res 59: 1188-
1191, 1999.

23 Lo YM, Leung SF, Chan LY, Chan AT, Lo KW, Johnson PJ
and Huang DP: Kinetics of plasma Epstein-Barr virus DNA
during radiation therapy for nasopharyngeal carcinoma. Cancer
Res 60: 2351-2355, 2000.

24 Livak KJ, Flood SJ, Marmaro J, Giusti W and Deetz K:
Oligonucleotides with fluorescent dyes at opposite ends provide
a quenched probe system useful for detecting PCR product and
nucleic acid hybridization. PCR Methods Appl 4: 357-362, 1995.

25 Holland PM, Abramson RD, Watson R and Gelfand DH:
Detection of specific polymerase chain reaction product by
utilizing the 5°-3” exonuclease activity of the Thermus aquaticus
DNA polymerase. Proc Natl Acad Sci USA 88: 7276-7280, 1991.

26 Lee WY, Hsiao JR, Jin YT and Tsai ST: Epstein-Barr virus
detection in neck metastases by in-situ hybridization in fine-
needle aspiration cytologic studies: an aid for differentiating the
primary site. Head Neck 22: 336-40, 2000.

27 Vera-Sempere F, Burgos J, Botella MS and Morera C:
Comparative analysis of Epstein-Barr virus (EBV) detection by
nested-PCR and non-isotopic in situ hybridization in
nasopharyngeal carcinoma (NPC). Clin Chim Acta 271: 119-32,
1998.

Received May 17, 2004
Revised September 30, 2004
Accepted October 19, 2004



