[CANCER RESEARCH 59, 1188-1191, March 15, 1999]

Advances in Brief

Quantitative Analysis of Cell-free Epstein-Barr Virus DNA in Plasma of Patients
with Nasopharyngeal Carcinoma

Y. M. Dennis Lo,? Lisa Y. S. Chan, Kwok-Wai Lo, Sing-Fai Leung, Jun Zhang, Anthony T. C. Chan,
Joseph C. K. Lee, N. Magnus Hjelm, Philip J. Johnson, and Dolly P. Huang

Departments of Chemical Pathology [Y.M.D.L., L.Y.S.C., J.Z,, N. M. H.], Anatomical and Cellular Pathology [K-W. L., J. C. K. L., D. P. H.], and Ohwiglagy and the
Sir YK Pao Cancer Center [S-F. L. A. T. C. C., P. J. J.], The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong Special Admiregfi@tive R

Abstract after the completion of radical radiotherapyz&6 Gy over a 6.6—8.6-week
period) was available in 15 of these patients. The mean time interval between
Using real-time quantitative PCR, cell-free EBV DNA was detectable in  pjood sampling at presentation and after radiotherapy was 3.5 months. At the
the plasma of 96% (55 of 57) of nasopharyngeal carcinoma (NPC) patients time of the second blood sampling, clinical and fiber-optic nasopharyngo-
(median concentration, 21058 copies/ml) and 7% (3 of 43) of controls scopic examinations and nasopharyngeal biopsies were carried out. The control
(median concentration, 0 copies/ml). Advanced-stage NPC patients had group consisted of 43 subjects attending a screening clinic for relatives of
higher plasma EBV DNA levels than those with early-stage disease. At 1 patients with NPC. These subjects had all undergone examination of the
month after completion of radiotherapy, plasma EBV DNA was undetect- nasopharynx and neck and had been followed-up for a minimum of 1 year with
able in 7 of 15 subjects (47%) but remained high in the remaining 8 no evidence of NPC development. The study was approved by the Ethics
subjects (53%). Clinical examination revealed that all of the former seven committee of The Chinese University of Hong Kong.
subjects had complete tumor regression, whereas six of the eight latter  pnA Extraction from Plasma Samples. Peripheral blood (5 ml) was
subjects exhibited evidence of disease persistence or had developed distantjiected from each subject into an EDTA tube for the isolation of plasma.
metastases. These results suggest that quantitative analysis of plasma EBVp|gqq samples were centrifuged at 1660 g, and plasma was carefully
DNA may be a useful clinical and research tool in the screening and removed from the EDTA-containing tubes and transferred into plain polypro-
monitoring of NPC patients. pylene tubes. The samples were stored 20°C until further processing. DNA
from plasma samples was extracted using a QlAamp Blood Kit (Qiagen,
Hilden, Germany) using the blood and body fluid protocol as recommended by

NPC3is an important cancer in Southern China and Southeast A iﬁ man”fac.turer (2). Plasma samples (130—A00olumn) were use.d for
1). In Hong Kong. nearly all NPC re undifferentiated or ! A extraction. The exact amount was documented for the calculation of the
(_)' (_) g Kong, nearly a c_ases areu erentiate 9 poo tXrget DNA concentration. A final elution volume of %0 was used.
differentiated squamous cell carcinoma and harbor EBV in tumor pya Extraction from Nasopharyngeal Biopsy Samples.Pre- and

Fissues (1). The demonstration that tumor-derived [?NA is detec@'@'@stradiotherapy nasopharyngeal biopsy specimens from two NPC patients
in the plasma and serum of cancer patients (2, 3) raises the possibylityi6 and TM42) were studied. Fifteen paraffin-embedded sections, each of
that noninvasive detection and monitoring of NPC may be feasible yiich was 5um thick, were made from each biopsy specimen. DNA was
EBV DNA PCR analysis of plasma or serum samples. This possibiligxtracted with a QIAamp Tissue Kit (Qiagen) using a protocol recommended
was realized by Mutiranguret al. (4), who reported that EBV DNA by the manufacturer. A final elution volume of %0 was used.
is detectable in the serum of 31% of NPC patients. However, little Real-Time Quantitative PCR. Real-time quantitative PCR is based on the
quantitative information is available regarding the levels of tumof°ntinuous optical monitoring of the progress of a fluorogenic PCR reaction (5,
derived DNA in cancer patients in general and the levels of plasrfia '? this system, in addition to the two amplification primers used in
. . . . conventional PCR, a dual-labeled fluorogenic hybridization probe is also

EBV DNA in NPC patients in particular. To further understand the ) -

; - . . . .Ihcluded (8). One fluorescent dye serves as a reporter (FAM), and its emission
biological, temporal, and clinical parameters governing the liberati

. . ; ; %Bectra is quenched by a second fluorescent dye (TAMRA). During the
of EBV DNA into the circulation of NPC patients, we developed &yiension phase of PCR, the 3 exonuclease activity offag DNA

real-time quantitative PCR assay (5, 6) for EBV DNA and used thjslymerase (9) cleaves the reporter from the probe, thus releasing it from the

Introduction

tool to analyze plasma samples from NPC patients. quencher and resulting in an increase in fluorescence emission at 518 nm.
Two real-time quantitative PCR systems were developed for EBV DNA
Materials and Methods detection: &) one toward theBanHI-W region; and ) the other toward the

. ) ) o ) i EBNA-1region (10). TheBanHI-W system consisted of the amplification

Patients. Fifty-seven patients with histologically confirmed NPC under th%rimers W-44F (5CCCAACACTCCACCACACC-3) and W-119R (5TCTT
care of the Department of Clinical Oncology at the Prince of Wales HOSPitﬂbGAGCTGTCCGAGGG—?}) and the dual-labeled fluorescent probe W-67T
were recruited, and informed consent was obtained. All were inveStigatf%ﬂ-(FAM)CACACACTACACACACCCACCCGTCTC(TAMRA)-S]. The
uniformly with an endoscopic examination of the nasopharynx and computeina_1 system consisted of the amplification primers EBNA-1162F (5
tomography and staged according to the American Joint Committee on Canﬁ@%TCATCATCCGGGTCTCC-S’) and EBNA-1229R (5CCTACAGGGT-
Staging criteria (7). Blood samples for EBV DNA analysis were taken befO@GAAAAATGGCG’) and the dual-labeled fluorescent probe EBNA-1186T
the commencement of radiotherapy. An additional blood sample taken 1 mofﬁh-(FAM)CGCAGGCCCCCTCCAGGTAGAA(TAMRA)-3]. The fluores-
cent probes contained d-Blocking phosphate group to prevent probe exten-
Received 1/5/99; accepted 2/8/99. sion during PCR. Primer/probe combinations were designed using Primer
The costs of publication of this article were defrayed in part by the payment of pag&press software (Perkin-Elmer Corp., Foster City, CA). Sequence data for the

charges. This article must therefore be hereby magdrtisemenin accordance with . -
18 U.S.C. Section 1734 solely to indicate this fact. EBV genome were obtained from the GenBank Sequence Database (accession

! Supported in part by grants from the Hong Kong Research Grants Council. numper V01555). Real-time qgantitative_ PCR for ghglobin gene consisted
2To whom requests for reprints should be addressed, at the Department of Chemidgdrimers and probe, as described previously (6), and was used as a control for
Pathology, The Chinese University of Hong Kong, Prince of Wales Hospital, Roothe amplifiability of plasma DNA. For DNA extracted from paraffin-embedded

38023, 30-32 Ngan Shing Street, Shatin, New Territories, Hong Kong Special Adminjs: . . o
trative Region. E-mail: loym@cuhk edu.hk. f?asopharyngeal biopsy samples, Bglobin gene quantitative PCR results

3The abbreviations used are: NPC, nasopharyngeal carcinoma; FAM, 6-carbo§ere€ used to normalize the EBV DNA quantity.
fluorescein; TAMRA, 6-carboxy-tetramethylrhodamine. Fluorogenic PCR reactions were set up in a reaction volume @fl 58ing
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components (except for the fluorescent probes and amplification primess)ution used for PCR (typically @), and V,,, represents the volume of
supplied in a TagMan PCR Core Reagent Kit (Perkin-Elmer Corp.). Fluorgslasma/serum extracted (typically 0.13—0.80 ml).

cent probes were custom-synthesized by Perkin-Elmer Applied Biosystems.

PCR primers were synthesized by Life Technologies, Inc. (Gaithersburg, MI3€SUlts

Each reaction contained fl of 10X buffer A; 300 m of each of the . L. .
amplification primers; 25m (for the EBV probes) or 100nn(for the 3-globin Development of Real-Time Quantitative PCR.To determine the

probe) of the corresponding fluorescent probe; v KgCl,; 200 um each of dynamic range of real-time quant_itative PCR, s_erial dilutions of
dATP, dCTP, and dGTP; 400w dUTP; 1.25 units of AmpliTag Gold; and 0.5 Namalwa DNA were made and subjected to analysis by the two EBV
unit of AmpErase uracil N-glycosylase. Extracted plasma DNA or nasophégal-time quantitative PCR systems. FigA &hows the results ob-
ryngeal tissue DNA (5ul) was used for amplification. DNA amplifications tained using theBanmHI-W region PCR system. The amplification
were carried out in a 96-well reaction plate format in a Perkin-Elmer Appliecurve shifted to the right as the input target quantity was reduced. This
Biosystems 7700 Sequence Detector. Each sample was analyzed in dupliggigs expected because reactions with fewer target molecules required
Multiple negative water blanks were included in every analysis. ‘more amplification cycles to produce a certain quantity of reporter
A calibration curve was run in parallel and in duplicate with each analysig, ecles than reactions with more target molecules. The system was
using DNA extracted from the EBV-positive cell line Namalwa (American ;. . .
! i ._sensitive enough to detect 5 copies of EBV DNA. Similar results and
Type Culture Collection CRL-1432; Ref. 11) as a standard. Namalwa ISﬁl detection limit btained using EBNA-1PCR ¢ dat
diploid cell line (12) that contains two integrated viral genomes/cell (13). I\ € detection imit were obtained using 3 system (data

conversion factor of 6.6 pg of DNA/diploid cell was used for copy numbefOt _Shown)'
calculation (14). Concentrations of circulating cell-ree EBV DNA were ex- Fig. 1B shows a plot of the threshold cycle {Cof the EBV
pressed as copies of EBV genome/ml plasma. For nasopharyngeal biopgyTHI-W region PCR against the input target quantity, with the latter
results were expressed as a ratio of the copy number of the EBV genomeptetted on a common logarithmic scale. The ®as set at 10 SDs
copy number of theg-globin gene. above the mean baseline fluorescence calculated from cycles 1-15
An identical thermal profile was used for the EBBAMHI-W andEBNA-1  and was proportional to the starting target copy number (logarithmic
PCR systems. Thermal cycling was initiated with a 2-min incubation at 50°§ba|e) used for amplification (5). The linearity of the graph demon-
for the uracil N-glycosylase to act, followed by an initial denaturation step %ftrates the large dynamic range and the accuracy of real-time quanti-

10 min at 95°C, and then 40 cycles of 95°C for 15 s and 56°C for 1 min weye, . g . .
carried out. Conditions for the humghglobin PCR system were as described{gtlve PCR. Similar results were obtained using B&NA-1system
(data not shown).

previously (6). - .
Amplification data collected by the 7700 Sequence Detector and stored in aTh? reproduubﬂny of DNA extraction from plasma and EBV
Macintosh computer (Apple Computer, Cupertino, CA) were then analyz@antitative PCR systems was tested by performing 10 replicate
using the Sequence Detection System software developed by Perkin-El@¥tractions from pooled plasma samples from NPC individuals. These
Applied Biosystems. The mean quantity of each duplicate was used for furtlieplicate extractions were then subjected to real-time quantitative
concentration calculation. The plasma concentration of EBV DNA or theCR using the EBV PCR systems. The coefficients of variation,of C

B-globin gene (expressed in copies/ml) was calculated using the following|ues of these replicate analyses were 0.83% for the BRWVHI-W

equation: region PCR and 0.55% for tHEBNA-1PCR.
v 1 Quantitative Analysis of Cell-free EBV DNA in NPC and Con-
C=0Qx Mx = trol Subjects. Plasma DNA samples from 57 NPC patients on pres-
Vecr  Veu entation and 43 control subjects were analyzed using the two EBV

in which C represents the target concentration in plasma (copies@l), €@l-time quantitative PCR systems. TB&nHI-W region PCR meas-

represents the target quantity (copies) determined by a sequence detectordf€gl median plasma EBV DNA concentrations of 21,058 copies/ml
PCR, Vpna represents the total volume of DNA obtained after extractiofinterquartile range, 4,279-93,589 copies/ml) in NPC subjects and 0
(typically 50 pl/Qiagen extraction)Vecg represents the volume of DNA copies/ml (interquartile range, 0—0 copies/ml) in control subjects
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Fig. 1. Detection of EBV DNA by real-time quantitative PCR for BanHI-W region. A, amplification plot of fluorescence intensity against the PCR cycle. Each plot corresponds
to a particular input target quantity marked by a corresponding symbolXTdéds denotes the cycle number of a quantitative PCR reactionYThes denotes thARn, which is
the fluorescence intensity over the background Bg)plot of the threshold cycle (§ against the input target quantity (common log scale). The input target quantity was expressed
as copies of EBV DNA. The correlation coefficient is 0.994.
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10000000 therapy were analyzed by real-time quantitative PCR. For subject
. TM6, the copy number ratios of EBV DNA:globin gene pre- and
E 1000000 - postradiotherapy were 14.3 and 0.18, as determined bah&il-W
b4 100000 J _fragr_nent quantitative PCR system. For _subject TM42, the correspond-
g ing figures were 33.6 and 0.16, respectively. These results represent a
< 10000 - reduction of the EBV DNA level in the nasopharyngeal tissue samples
<z( of 79.4-fold (subject TM6) and 210-fold (subject TM42) after radio-
o 1000 0 ¢ therapy. The results obtained using tEBBNA-1 quantitative PCR
& 100 8 system were highly concordant and demonstrated a reduction in EBV
“«j ] o DNA level in the nasopharyngeal tissue samples of 118.6-fold (sub-
g 10 4 (o] ject TM6) and 275-fold (subject TM42) after radiotherapy.
<
o 14 Discussion
0 © m In this study, we have developed real-time quantitative PCR assays
for two regions of the EBV genome, tlganHI-W and theEBNA-1
NPC Controls regions. When these assays were used to analyze plasma DNA ex-

Fig. 2. Comparison of plasma cell-free EBV DNA in NPC and control subjects. THgacted from NPC patients, circulating cell-free EBV DNA was de-
categories (NPC and control subjects) are plotted onXtlagis. Results from NPC and tected in 55 of 57 patients (96%) Plasma EBV DNA was detected in
control subjects are indicated kyand ¢, respectively. Ther axis denotes the concen- o e .
tration of cell-free EBV DNA (copies of EBV DNA/mI of plasma) detected by the3 Of 43 controls (7%). In addition, the levels of plasma EBV DNA in
BanHI-W region PCR system. the NPC patients were much higher than those in controls, including

the three control subjects with detectable EBV DNA (Fig. 2). These
data suggest that quantitative plasma EBV DNA analysis may be

- ’ ) useful as a screening method for NPC in high-risk areas. Real-time
showed a strong correlation with trigamHI-W region PCR dat.a quantitative PCR is highly suitable for this application due to its
(Spearman rank order correlation, correlation coefficien0.918; rapidity and accuracy.

P < 0.0005). The differ_ences in EBV DNA Ievel_s between the NPC The clinical significance of the presence of plasma EBV DNA in
and control groups using both tHganHI-W region PCR (Mann-

(Fig. 2). Similar results were obtained using tBBNA-1PCR that

g the three control subjects without clinical evidence of NPC is unclear
Whitney rank-sum test? < 0.001) and theBNA-1PCR (Mann- present. We are carrying out long-term follow-up of these individ-

Whitney rank-sum testP < 0.001) were highly significant. All 515 to monitor any clinical signs of NPC and any change in their
plasma DNA samples (NPC and controls) were amplifiable us'rfﬂasma EBV DNA levels

B-globin PCR, thus confirming the quality of the plasma-extracted We have taken special precautions to maximize the sensitivity of
DNA. . . ) our system, including the use of prospectively collected samples that
) Correlathn of Plasma Cell-free EBV DNA Levels W't_h_ Staging were promptly processed after venesection. We chose to use plasma
in NPC Patients. Of the 57 NPC cases, 22 were classified as earlYﬁstead of serum because previous work has indicated that DNA is

stage disease (stages | and Il) and 35 were classified as advanggdiaieq quring the clotting process, which results in an increase in
stage disease (stages lll and V). Plasma cell-free EBV DNA levels in

advanced NPC cases (median, 47,047 copies/ml; interquartile range,

17,314-133,766 copies/ml) were significantly higher than those in . W-Before

early-stage NPC cases (median, 5,918 copies/ml; interquartile range,

279-20,452 copies/ml; Mann-Whitney rank-sum t&t: 0.001). 7] w-Atter
Change in Plasma EBV DNA Levels after Radiotherapy.Fif-

teen NPC patients with no clinical evidence of distant metastases on 10000000

presentation were further studied at 1 month after the completion oﬁ 1000000-] ol
radiotherapy. All 15 patients had detectable plasma cell-free EBV@
DNA at presentation (Fig. 3). After the completion of radiotherapy, 'g 100000 .
47% (7 of 15) of the patients had no detectable plasma EBV DNA byS,
both EBV PCR assays. The remaining eight subjects (53%) continueg 10000 |
to have detectable plasma EBV DNA (Fig. 3). The change in the%
proportion of individuals with detectable cell-free EBV DNA after > 1000+ HH
radiotherapy is statistically significant (Fisher's exact test,w

832

= -
with detectable EBV DNA levels had incomplete regression of the =
tumor or had developed distant metastases. The difference in the . ' _
proportions of cases with these clinical outcomes is statistically sigeF 2274 #5 Tee £ AT G sl btore ane ot ity e
nificant (Fisher’s exact tes = 0.007). EBV DNA (expressed as copies of EBV DNA/mI of plasma) detected byBtueHI-W
The pre- and postradiotherapy nasopharyngeal biopsies from tpgion PCR system. Data before and after radiotherapy are plotilideasi 7, respec-

. iy . e : ively. For visual clarity, the seven cases with no detectable EBV DNA after radiotherapy
two subjects (TM6 and TM42; Fig. 3) without clinical evidence Ofare grouped together on thest of the graph. These cases are followed by the eight cases

tumor persistence who had detectable plasma EBV DNA after radidgth detectable levels of EBV DNA after radiotherapy.
1190
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P = 0.006). As a control for the quality of plasma DNA, all pre- and § 100—%
postradiotherapy samples were shown to be amplifiable using thé ]
B-globin PCR. 3 104

At the time of postradiotherapy blood sampling, clinical evaluation
showed that all seven patients with undetectable EBV DNA had
complete regression of the tumor, whereas six of the eight patients
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human DNA background when serum DNA is used (6). Our use of tiretumor tissues has been demonstrated to correlate with the presence

real-time PCR method using multiple primer/probe combinations alsbEBV DNA in the serum of NPC patients (4). Our quantitative EBV

contributed to the sensitivity and robustness of detection. We belieagsays may allow investigation of the mechanism of EBV DNA

that these technical improvements have combined to result in a muetease by studying viral DNA levels under different clinical condi-

greater sensitivity in detecting plasma EBV DNA in NPC subjectsons, e.g., immediately after radiotherapy or biopsy. Apart from

than the previously reported figure of 31% (4). improving our understanding of the biology of NPC, these future
Our quantitative approach allowed us to correlate the levels studies may also increase our knowledge regarding the biology of

plasma cell-free EBV DNA with disease staging. Our data indicaptasma tumoral DNA in general.

that the plasma EBV DNA levels were approximately eight times

higher in advanced NPC (stages Il and IV) than in early-stage diseasgknowledgments

(stages | and Il). One explanation for these results is that the liberation

of EBV DNA into the blood may be related to the tumor load. This We thank Dr. K. F. To for help during the course of this study.
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