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Nasopharyngeal carcinoma 
(NPC) is one of the most common 
cancers in Southern China and 
South-East Asia including Thai­
land. l 

-4 Epstein-Barr virus (EBV) 
has been found to be closely associ­
ated with this cancer. Pathmanathan 
et al. 5 showed new evidence con­
firming that EBV is the primary 
etiological agent in the develop­
ment of NPC by demonstrating 
dysplastic lesions and carcinoma in 

SUMMARY Nasopharyngeal carcinoma (NPC) is strongly associated with 
Epstein-Barr virus (EBV) infection. To assess whether EBV DNA detection 
by polymerase chain reaction (PCR) or presence of specific serum antibody 
to viral capsid antigen (VCA) was a better marker for screening NPC, naso­
pharyngeal tissues and blood samples from 58 NPC patients and 24 non­
NPC patients (23 with laryngotracheal stenosis and 1 with chronic tonsillitiS) 
were tested for the presence of EBV DNA and serum specific VCA anti­
bodies, respectively. EBV DNA was detected in 56 (96.5'Yo) of NPC patients 
and 15 (62.5010) of non·NPC controls, with predominantly EBV type A in both 
groups. On the other hand, spe~ific VCA IgA antibody was detected in the 
majority of NPC patients: 52 (89.7%) while only 4 (16.7%) were detected in 
non-NPC controls. Therefore, specific VCA IgA antibody may serve as a 
better marker for screening NPC than EBV DNA detected by PCR. 

situ in premalignant clones of 
EBV-infected cells. There are two 
different types of EBV: types A 
and B (or types 1 and 2). Although 
both types have been found in 
nascpharyngeal tissues, type A is 

6 7more common. . 

The presence of serum 
antibodies to EBV antigens have 
been used for the diagnosis of 
NPc.8

•
11 IgG and IgA anti-viral 

capsid antigen (VCA) antibody 
titers in NPC patients were found 
to be higher than those of healthy 
cases. II 

'
ll In addition, IgA anti-VCA 

was useful for the early detection of 
NPC in a field survey in China.14 

However, 15-20% of NPC patients 
were not identified using this anti­
body.15.16 Other specific antibodies 
to EBV antigens have also been 
shown to be useful for the early 
detection of NPc. 17

• 
19 So far, no 

single serological marker has been 
identified to be applicable as a 
screening assay for all NPC patients. 
Meanwhile, detection of EBV DNA 
in tissue by polymerase chain reac­
tion (PCR) has recently been used 
as a supplement to the serologic 
screening ofNPC20 and as a screen­
ing method for NPC in a high risk 
group.21.n However, EBV DNA 

. detected by PCR technique was 
also found in oropharyngeal cells, 
nasopharyngeal tissues and exfoli­
ated cells from the postnasal space 
of a high number of healthy individ­
uals.23.25 The purpose of this study 
was to evaluate whether specific 
anti-VCA antibody or EBV DNA 
detection by PCR was a better 
marker for screening patients for 
NPc. 
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MATERIALS AND METHODS 

Subjects and clinical specimens 

Fifty-eight histologically 
confinned NPC patients and 24 
non-NPC controls who attended the 
Department of Otolaryngology, 
Siriraj Hospital, Bangkok, Thailand 
were enrolled in this study. Out of 
24 non-NPC controls, 23 patients 
had laryngotracheal stenosis and 
one patient chronic tonsillitis. Naso­
pharyngeal tissue biopsies of ap­
proximately 30 mg and blood sam­
ples were collected from patients 
and controls prior to any clinical 
treatment following the protocol 
and after obtaining written infonned 
consents. Tissue samples and sera 
were kept at -70°C and -20°C, res­
pectively, until tested. 

Preparation of clinical samples 

The frozen tissue biopsies 
were thawed and DNA was ex­
tracted by the modified procedure 
described by Feinmesser et al.26 

Briefly, 0.5-1 ml of lysis buffer C 
(1 x PCR buffer [20 mM Tris pH 
8.3, 50 mM KCI, 2 mM MgCb), 
0.45% Nonidet-P40, 0.45 % Tween 
20, and 100 Jig of proteinase K 
[Sigma-Aldrich, Singapore) per 
milliliter) were used to digest the 
biopsies for 4 hours at 56°C and 
subsequently the samples were 
boiled at 95°C for 10 minutes. Two 
percent of the total volume of the 
cell lysates were directly used for 
DNA amplification in the nested 
PCR experiment. 

The B95-8 (ATCC CRL 
1612) and Jiyoye (ATCC CCL87) 
cell lines were used as the positive 
DNA amplification controls for 
EBV types A and B, respectively. 
These cell lines were similarly 
treated as tissue biopsies. 

Nested peR for detection of EBV 
DNA 

Three sets of primers were 
synthesized based on the published 
oligonucleotide sequence primers 
of EBNA 2 for EBV typing.27 The 
first set contained the common 
EBNA 2 primers (5'-AGGGATGC­
CfGGACACAAGA-3' and 5'-TGG­
TGCTGCTGGTGGTGGCAA T -3') 
which yielded 596 base pairs (bp) 
amplified product for both types of 
EBV. The second set contained the 
EBV type A specific primers (S'­
TCITGATAGGGA1U.lJCTAGGATA­
3' and S'-ACCGTGGTTCTGGAC­
TATCTGGATC-3') which yielded 
497 bp amplified product; and the 
third set contained EBV type B 
specific primers (S'-CATGGTAG­
CCTTAGGACATA-3' and S'-AG­
ACTTAGTTGATGCCCTAG-3') 
which yielded 150 bp amplified 
product. 

Target DNA was first am­
plified in 50 !J.I of a reaction mix­
ture containing 10-20 Jil of the sam­
ple; 25 pmole of each primer from 
the first set; 400 !J.M of each deoxy­
nucleotide triphosphate (dNTP); 1 x 
PCR buffer and I unit of Taq DNA 
polymerase (Promega, Madison, 
WI, USA) for 30 cycles (denatura­
tion for I.S minutes at 94°C, primer 
annealing for 1 minute at 60°C, and 
extension for 2 minutes at nOC) in 
a DNA thennal cycler (Perkin­
Elmer, Norwalk, CT, USA). One 
microliter of the PCR product was 
then used for the nested reaction for 
EBV typing under the same condi­
tion as mentioned above except 
using the second and the third sets 
of primers. After the nested reac­
tion, 20 Jil of the DNA amplified 
product was analyzed by electro­
phoresis on 2% agarose gel, stained 
with ethidium bromide solution and 
visualized under UV Iight.27 Am­
plification of ~globu1in gene using 

. 28
primers described elsewhere was 
used to con finn the presence of 
cellular DNA in the treated tissue. 

Immunofluorescence test 

The B9S-8 cell line was used 
as a source of VCA. Details of 
B9S-8 culture, slide preparation and 
staining procedure were described 
elsewhere. '6 The test sera were 
serially two fold diluted in PBS 
starting at 1: 10. FITC-conjugated 
goat anti-human IgG or IgA heavy 
chain specific antibodies (Hyland 
Diagnostics, IL, USA) were used as 
the secondary antibody. The titer 
was defined as the reciprocal of the 
highest dilution that gave a positive 
reaction. A titer of ~ 10 was consi­
dered to be positive. 

Statistical analysis 

Data were analyzed with 
statistical software (SPSS, Chicago). 
Two independent groups were com­
pared by the Mann-Whitney U test. 
The level of critical significance 
was assigned at p < O.OS. Sample 
proportions were compared by Xl 
test. When the minimum estimated 
expected value was < S, Fisher'S 
exact test was used. The validity of 
a screening test was evaluated in 
tenns of sensitivity and specificity 
using clinical diagnosis with his­
tologically con finned NPC as a 
gold standard. 

RESULTS 

The tissue biopsies from 
the NPC patients were categorized 
into distinct histological types ac­
cording to the WHO classification. 
Three (S.2%), 39 (67.2%) and 16 
(27.6%) were classified as WHO 
type I (squamous cell carcinoma), 
WHO type 2 (non-keratinizing car­
cmoma) and WHO type 3 (undif­
ferentiated carcinoma), respective­
ly. 
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Table 1 Different PCR specific EBV in biopsy tissues from NPC patients and controls 

No. biopsy No. biopsy tissues with PCR specific EBVHistological types 
tissues (%) Type A (%) Type B (%) Types A+B (%) Not found (%) 

NPC 

WHO type 1 3 (5.2) 2 o o 
WHO type 2 39 (67.2) 33 3 1 2 
WHO type 3 16 (27.6) 13 2 1 o 
Total 58 48 (82.7) 6 (10.3) 2 (3.5) 2 (3.5) 

Controls 24 14 (58.3) 1 (4.2) o 9 (37.5) 

Table 2 EBV specific VCA IgG antibody in NPC patients and controls 

No. of cases with reciprocal titer ofEBV type Total __________________________ ReciprocalGroup 
specific <10 10 20 40 80 160 320 640 1,280 2,560 5,120 10,240 GM titer 

NPC A 48 o o 0 0 0 3 7 16 14 4 3 1 871.0 

B 6 o 1 0 0 0 2 0 3 0 0 0 0 199.5 

A+B 2 o o 0 0 0 0 0 0 1 0 1 0 2,570.4 

Not found 2 o o 0 0 0 0 0 0 1 0 0 1 ,288.2 

Total 58 o o 0 0 5 7 20 15 5 4 1 955.0 

Controls A 14 o o o 0 0 2 6 3 0 3 0 0 524.8 

B 1 o o o 0 0 0 0 1 0 0 0 0 640.0 

A+B 0 o o o 0 0 0 0 0 0 0 0 0 0.0 

Not found 9 o o o 0 0 2 4 2 0 0 0 371.5 

Total 24 o o o 0 0 4 10 6 3 0 0 457.1 

Table 3 EBV specific VCA IgA antibody in NPC patients and controls 

No. of cases with reciprocal titer ofEBV type 0 a ___________________________ ReciprocalT t I Group 
specific <10 10 20 40 80 160 320 640 1,280 2,560 5,120 10,240 GM titer 

NPC A 48 5 9 6 7 13 4 4 0 0 0 0 0 36.3 

B 6 o 0 1 2 2 1 0 0 0 0 0 0 56.2 

A+8 2 o 0 0 0 0 0 0 0 0 0 79.4 

Not found 2 o O· 0 0 0 0 0 0 0 0 14.1 

7 11 

Controls 	A 14 12 1 o 0 o o o o o 6.5 

B 1 1 0 000 o o o o o o o 5.0 

A+8 0 o 0 000 o o o o o o o 0.0 

Not found 9 7 1 o 0 o o o o o o o 6.3 

Total 24 20 2 o o o o o o o o 6.3 
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EBY DNA was detected in 
56 (96.5%) of 58 NPC patients: 48 
(82.7%) with type A, 6 (10.3%) 
with type B, and 2 (3.5%) with both 
types (Table I). There was an 
association between EBY DNA 
detection and NPC (X2 test at p < 
0.001). However, EBY DNA was 
also found in 15 (62.5%) of 24 non­
NPC controls in which 14 (58.3%) 
were type A. The sensitivity and 
specificity of EBY DNA detection 
by PCR for NPC patients were 
96.6% and 37.5%, respectively. 

All NPC patients and con­
trols showed specific YCA IgG anti­
body in their sera (Table 2). Spe­
cific YCA IgG titers of NPC patient 
sera were significantly higher than 
those of control sera (Mann-Whitney 
U test at p :: 0.006). The geometric 
mean (GM) titers were somewhat 
higher in the NPC patients. How­
ever, 45 (77.6%) of 58 NPC patient 
sera and 10 (41.7%) of 24 control 
sera had IgG titers of 1:640 or 
above. There was an association bet­
ween YCA 19G titers of?': 1:640 
and NPC (X2 test at p 0.004). The 
sensitivity and specificity of anti­
YCA IgG testing with titers of ?': 
I :640 for NPC patients were 77.6% 
and 58.3%, respectively. Specific 
YCA IgA antibody was detected in 
the sera of 52 (89.7%) of 58 NPC 
patients but only 4 (16.7%) of 24 
control sera (Table 3). The specific 
IgA titers of NPC patient sera were 
significantly higher than those of 
control sera (Mann-Whitney U test 
at p < 0.001). The GM titers were 
somewhat higher in the NPC 
patients. There was a high associa­
tion between YCA IgA detection 
and NPC (X2 test atp < 0.001). The 
sensitivity and specificity of YCA 
IgA detection for NPC patients 
were 89.7% and 83.3%, respective­
ly. 

DISCUSSION 

NPC is strongly related to 
EBY infection.5 All histological 
types of NPC were present in this 
study; however, only 5.2% were 
WHO type 1 since this type was not 
common in Thailand.7

,29 Laboratory 
diagnosis of EBY infection for 
screening NPC has been based on 
serological assays]3·3().32 and recently 
on EBY DNA detection by PCR.2

()'22 

In this study, EBY DNA was de­
tected in 96.5% (56/58) of NPC 
patients and 62.5% (15/24) of con­
trols, both with predominantly type 
A. The percentage of EBY DNA 
detection in NPC patients in this 
study was similar to that of our 
previous repore in which EBY 
DNA was detected in 94.1 % (32/34) 
of cases. However, EBY DNA was 
previously found in only 20% (1/5) 
of the non-NPC controls. The higher 
number of EBY DNA detection in 
the non-NPC controls in the present 
study (62.5% vs 20%) may be due 
to the larger number of controls and 
a more sensitive PCR technique 
used. This high number of positive 
EBY DNA in the controls was 
similar to the previous findings of 
other groups, i.e., 70%-80% of the 
nasopharyngeal tissues from healthy 
mdividuals were shown to have 
EBY DNA by PCR technique.23

.
24 

In addition, Diaz-Matoma, et al.25 

reported that 56% of healthy indi­
viduals had detectable levels of 
EBY DNA in oropharyngeal cells. 
These findings, including ours, sup­
port the concept that although EBY 
has been implicated in the patho­
genesis of NPC, other factors such 
as environmental and genetic fac­
tors must be considered to be in­
volved in the etiology of NPc. 
EBV infection is ubiquitous in all 
human population. The virus repli­
("ates in epithelial cells and estab­
lishes a latent infection in lymphoid 
cells. Oropharyngeal epithelial cells 

are the source of the virus found in 
the throat.33

,34 Nasopharyngeal tis­
sues in non-NPC individuals could 
possibly be infected with EBV that 
is periodically excreted in the oro­
pharynx. The specificity of the 
EBY DNA detection in this present 
study was only 37.5%. Therefore, 
we conclude in this study that EBV 
DNA detection by PCR might not 
be a suitable method for screening 
forNPC. 

On the other hand, we 
demonstrated that the titers of both 
serum IgG and IgA antibodies 
against EBY YCA in the NPC 
patients were significantly higher 
than those of the non-NPC controls. 
These results were similar to those 
of our previous study.16 Although 
serum IgG anti-VCA was found in 
non-NPC controls with various 
titers, the GM titers were somewhat 
lower in the controls. The recipro­
cal GM titer in this study was simi­
lar to that of our previous report 
(457.1 and 371.5, respectively). In 
this study, we found that an IgG 
anti-VCA titer of?': 1 :640 was as­
sociated with NPc. However, the 
specific YCA IgG antibody titer of 
?': 1:640 may not be used as a 
marker for screening NPC because 
of the low specificity (58.3%). In­
terestingly, the findings that serum 
IgA anti-VCA antibody found in 
89.7% (52/58) of NPC patients but 
only in 16.7% (4124) of the controls 
were similar to 84,6% (77/91) in 
the NPC patient sera and 15.5% 
(22/142) in the control sera reported 
in our previous study,l3 This speci­
fic IgA anti-YCA antibody was 
highly associated with NPc. This 
result is consistent with earlier 
studies showing a relationship bet­
ween the specific IgA antibody and 
NPc.35,36 

In conclusion, EBV DNA 
detection by PCR may not be a use­

http:study.16
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ful tool for screening NPC because 
of its low specificity. On the other 
hand, the high specificity and sen­
sitivity of specific IgA anti-YCA 
antibody appears to confirm the use 
of this antibody as a marker for 
screening or diagnosis of NPc. 
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