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Abstract
Nasopharyngeal carcinoma (NPC) is a multifactorial disease that is endemic geo-
graphically in the world. Indonesian population has a highly incidence rate that is 
6.2/100,000 people year. The pathogenesis of  NPC is more directly reflected by 
carcinoma-specific viral transcriptional activity at the site of  primary tumour. Ep-
stein-Barr virus (EBV) infection in NPC is reflected by the expression of  EBV latent 
and lytic gene. In fact, mRNA Latent Membrane Protein 1 (LMP1) EBV expression 
was an important latent infection biomarker. The aim of  this study was to deter-
mine a potential use of  relative expression of  mRNA LMP1 EBV from formalin-
fixed paraffin embedded (FFPE) tumour biopsy in NPC as a tumour biomarker. 
This reseach design was a cross sectional study. The samples were the archived 
specimens of  FFPE tumour biopsy from NPC WHO-3 patient which were collected 
from untreated patients from 2014 in the Department of  Pathology Anatomy, Prof. 
dr. Margono Soekarjo Hospital, Purwokerto. The expression of  mRNA LMP1 EBV 
expression was determined by RT-PCR technique. The positivity of  mRNA LMP1 
EBV expression was 51.9%, indicating a moderate positivity. The result proved that 
the expression of  mRNA LMP1 EBV from FFPE NPC WHO-3 tumour biopsy was 
a potential biomarker of  NPC diagnosis. The molecular methods would improved 
the management of  NPC, particularly in the histopathological diagnosis of  NPC.   
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the first study to analysis the mRNA expression 
of  LMP1 EBV from FFPE NPC WHO-3 tumour 
biopsy as a tumour biomarker. 

METHODS

This reseach design was a cross sectional 
study. The research was done from February 
2015 until August 2015. All NPC formalin-fixed 
paraffin embedded (FFPE) tumour biopsies were 
collected from untreated patients who where 
histopathologically confirmed as NPC WHO-3 
at Department of  Pathology Anatomy, Prof. dr 
Margono Soekatjo Hospital/Faculty of  Medi-
cine, Universitas Jenderal Soedirman, Purwoker-
to. The histological diagnosis was confirmed by 
the pathologist involved in the study. Total of  re-
search subject were 27 people for untreated NPC 
WHO-3 patients from 2014. All research subjects 
were given informed consent before taking part in 
this research.

The 8-10 slices of  NPC formalin-fixed par-
affin embedded (FFPE) tumour biopsies were 
performed by PureLink FFPE RNA isolation kit 
protocol (Invitrogen) to obtain 50-100µL RNA 
solution. By 10 µL RNA solution, it could be di-
rectly used for the analysis of  Reverse Transcrip-
tase PCR (RT-PCR) or stored for long periods 
at a temperature of  -80°C. cDNA was synthesis 
by cDNA Synthesis Super Script III First Strand 
Systemprotocol (Invitrogen) to obtain 20 µL 
cDNA solution. 

Two steps of  RT-PCR technique were per-
formed to detect mRNA LMP1 EBV expression 
from FFPE tumour biopsy in NPCWHO-3 pa-
tients. A set of  primer used to amplify the cDNA 
of  LMP1 EBV gene resulted in a cDNA amplicon 
142 bp consisting of  a forward primer of  5’-GGA-
GATTCTCTGGCGACTTG-3’ and a reverse pri-
mer of  5-GAGCCAAAGGAGATCAACCA-3’. 
Primer was designed by Primer3 software from 
the NCBI GenBank Sequence Database (acces-
sion number NC_009334.1, GeneID: 5176215). 
The composition of  15 μL was 7.5 μL Dream Taq 
PCR MasterMix – Thermo Scientific (Dream 
Taq DNA Polymerase, 2X Dream Taq Buffer, 4 
mM MgCl

2
, 0,4 mM dGTP, 0,4 mM dATP, 0,4 

mM dCTP, 0,4 mM dTTP). The PCR mix was 
runon a Thermocycler (Primus 25, PeqLab) by 
35 cycles. The PCR condition of  first step was 
pre-denaturation at 94°C for 5 min, denaturation 
at 94°C for 60 sec, annealing at 55°C for 60 sec, 
elongation at 72°C for 60 sec, and post- elongati-
on at 72°C for 7 min. The amplicon was visuali-
zed by the electrophoresis on 2.5% agarose gel.

INTRODUCTION 

Nasopharyngeal carcinoma (NPC) has a 
significant difference in the geographical distribu-
tion and ethnicity (Yu & Yuan, 2012; Chang & 
Adami, 2006). NPC is endemic in certain regions 
of  the world, especially in Southeast Asia, and 
has a poor prognosis. In Indonesia, the recorded 
mean prevalence is 6.2/100 000, with 13 000 yea-
rly new NPC case (Soeripto, 1998; Adham et al., 
2012). Etiology of  NPC is multifactorial includ-
ing host genetic factor, Epstein-Barr virus (EBV) 
infection and environmental factors. EBV infec-
tion has been shown to be consistent with the on-
set of  NPC (Zur Hauzen, et al., 1970; Old et al., 
1996; Roezin, 1999; Munir, 2006).

EBV has two phases in the cycle of  in-
fection, i.e., latent and lytic phase. In the latent 
phase, few EBV latent genes are expressed, so 
the number copies of  viral DNA is maintained in 
a relatively low level and does not produce viri-
ons. In the lytic phase, a series of  lytic gene is ex-
pressed caused by genome replication and virion 
production (Chang et al, 2004; Kieff  & Rickinson 
2001). EBV infection shows a pattern of  latent in-
fection phase II that will express Epstein-Barr vi-
rus Nuclear Antigen (EBNA-1) and Latent Mem-
brane Protein I (LMP1). The direct measurement 
of  activities mRNA EBV in primary tumour loca-
tion on nasopharyngeal region needs to be done, 
because the activity of  mRNA EBV reflects better 
virtually the pathogenesis of  NPC than a serolog-
ic diagnosis and a measurement of  EBV DNA in 
circulation (Steven et al., 2006). The advantages 
of  using FFPE NPC tumour biopsy as samples 
were they was confirmed as NPC World Health 
Organization-3 (WHO-3) histopathologically 
and non invasive specimen. In prevoius study, 
the expression of  mRNA LMP1 EBV genes have 
been proved only in fresh NPC tumour biopsy 
and is performed by Reverse Transcriptase Po-
lymerase Chain Reaction technique (RT–PCR) 
(Wahyono et al, 2016). Reverse transcription pro-
cess is a complement DNA (cDNA) synthesis by 
reverse transcriptase enzyme. PCR is an alternati-
ve method to identify the Avian Influenza (AI) ​​vi-
rus, although the viral genomes in few quantities 
(Payungporn et al., 2004; OIE 2005; Wibowo et 
al., 2012). The research aimed at knowing poten-
sial use for mRNA LMP1 expression from FFPE 
tumour biopsy in NPC WHO-3 as a biomarker of  
NPC diagnosis. Regarding to NPC management, 
it could be recommended to the clinician using a 
molecular technique, because the mRNA LMP1 
expression method from FFPE tumour biopsy 
increased the accuracy of  NPC diagnosis. It was 
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RESULTS AND DISCUSSION

Positivity expression of mRNA LMP1 EBV 
Figure 1 shows the result of  mRNA La-

tent Membrane Protein 1 (LMP1) Epstein-Barr 
Virus (EBV) from Formaline-Fixed Paraffin Em-
bedded (FFPE) in Nasopharyngeal Carcinoma 
World Health Organization-3 (NPC WHO-3) tu-
mour biopsy detected by RT-PCR technique on 
2 % Agarose gel. Samples that expressed mRNA 
LMP1 EBV showed a 142 bp amplicon which 
represented on sample no. 1646, 713, 2822, 3028 
and 2106. However, the sample no. 677 and 3274 
did not express mRNA LMP1 EBV.

1          2          3           4          5           6          7          8

200 pb →
100 pb →

← 142 pb 

Figure 1. The results of  mRNA LMP1 EBV from 
FFPE tumour biopsy in 3 NPC WHO-3 patients 
by RT-PCR technique as follow: no. 1. DNA 
marker (100 bp), no. 2 & 3 NPC WHO-3 pa-
tients who did not expressed mRNA LMP1 EBV 
(no. 677&3274), no.4-8NPC WHO-3 patients 
who expressed mRNA LMP1 EBV (no. 1646, 
713,2822,3028 & 2106).

The positivity of  mRNA LMP1 EBV was 
calculated by the proportion of  NPC WHO-3 
patient who expressed mRNA LMP1EBV group 
and all NPC WHO-3 patients (Table 1.) The 
positivity of  mRNA LMP1 EBV from FFPE 
NPC WHO-3 tumour biopsy that were 14 of  
27 samples (51.9%). The results of  this research 
indicated that the RT-PCR technique could be 
used to detect the expression of  EBV latent gene 
in NPC WHO-3patients. In this study, the po-
sitivity of  mRNA LMP1 EBV expression from 
FFPE tumour biopsy in NPC WHO-3 patients 
(51.2%) was higher than the previous study in 
LMP1 expression analysis by Immunohistoche-
mistry technique (10 - 50%) (Middeldorp et al, 
2003). However, it was lower than that of  mRNA 
LMP1 EBV expression from the fresh biopsy in 
NPC  WHO-3 patients (91.3%) (Wahyono et al., 
2016), that of  LMP1 protein expression in NPC 
by Immunohistochemistry (IHC) staining met-
hods (65%) (Niedobitek, 2000). LMP1 protein 
expression was detected 75% cases with  Immu-
nohistochemistry staining methods and has a sig-

nificant relationship to locoregional progressivity 
at the young age (Adham et al., 2012).

The analysis of  formalin-fixed paraffin-
embedded (FFPE) often has difficulty because 
of  total RNA yielded from FFPE tissue often sig-
nificantly degraded. Only 3% total RNA is able 
to isolate from paraffin blocks to obtain cDNA 
synthesis, compared with the use of  fresh biopsy 
or fresh frozen biopsy (Gouveia et al., 2014). The-
refore, fresh biopsy or fresh frozen biopsy more 
often to be used to analyse mRNA expression 
than formaline-fixed paraffin-embedded (FFPE) 
biopsy. However, formalin-fixed paraffin-embe-
dded (FFPE) biopsies have been collected as an 
archived specimen abundantly at Departement of  
Pathology Anatomy, Prof. dr. Margono Soekar-
jo Government Hospital, Purwokerto. Detection 
of  mRNA LMP1 EBV expression from FFPE 
tumour biopsy in NPC WHO-3 patients by RT-
PCR technique is the novelty of  the research 
because of  the first research used FFPE tumour 
biopsy specimens in the analysis of  mRNA EBV 
in NPC.

Table 1. Molecular characteristic and clinical pa-
thologyof  research sample

Parameter
Number of  

Samples

Sample size 27

mRNA LMP1 EBV expression 
of  NPC WHO-3 patient

Positive 14

Negative 13

Positivity of  mRNA EBV of  
NPC WHO-3 LMP1 

51.9%

Identification of  the substance that gives 
information of  malignant tumours such as EBV 
gene expression is expected to improve diagnosis, 
determine prognosis, and predict NPC patholo-
gy (Kresno, 2011). More than 90 percent of  the 
world’s population has been infected by EBV that 
began in the first year after birth (Thompson & 
Kurszrock, 2004). NPC is a malignancy asso-
ciated with EBV having epithelial cells as target 
cell (Young & Rickinson, 2004). LMP1 is more 
potential than that of  VCA-IgA serology and 
detection of  LMP-1 EBV with PCR technique 
in the nasopharyngeal swab. It can be used as a 
good diagnosis of  NPC pathogenesis (Hao et al., 
2004; Cho, 2007).  At the time, some of  mRNA 
EBV gene has been used to be a molecular mar-
ker in pathogenesis of  NPC, such as Epstein-
Barr virus Encoded RNA (EBER), Epstein-Barr 
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virus Nuclear Antigen (EBNA1), Latent Mem-
brane Protein 1 (LMP1), Latent Membrane Pro-
tein 2A/2B (LMP2A/2B), BamHI A Fragment 
Rightward Reading Frame (BART), BamH1 A 
Fragment Rightward Reading Frame 1 (BARF1), 
and BamH1 Z Fragment Leftward Reading Fra-
me 1 (BZLF1). However, study exploring the 
expression of  mRNA EBV gene from FFPE tu-
mour biopsy in NPC  WHO-3 patients in the pat-
hogenesis of  NPC is rarely done (Hirankarn et al., 
2004). 

Several molecular techniques have been 
used to detect EBV genes in KNF before, such as 
in situ hybridization of  EBV DNA (1991-1992), 
hybridization of  EBV DNA Blots (1992), PCR 
DNA EBV (1993-1994), in situ hybridization 
EBERs (1995 – at present), immuno histoche-
mistry LMP1 (1995), immuno histochemical 
EA (early antigen difuse) and gp350/220 (2002) 
(Barnes et al., 2005). RT-PCR technique is the de-
velopment of  Northern blotting techniques that 
have been commonly used to detect mRNA EBV. 
The advantage of  the RT-PCR technique is that 
it is more sensitive to detect mRNA and requires 
a small sample (Brink et al., 1997; Middeldorp et 
al., 2003). The multiprime RT-PCR technique is 
a variation of  conventional RT-PCR techniques 
to simultaneously detect mRNA expression of  se-
veral EBV genes EBNA1, EBNA2, LMP1, LM-
P2A, LMP2B, BZLF1, BARTs, and U1A snRNP 
(house keeping gene) (Steven et al., 2005). The-
refore, RT-PCR-based molecular technique is the 
preferred technique for the analysis of  mRNA 
LMP1 EBV expression on NPC pathogenesis.

LMP1 EBV as the parameter of  NPC diag-
nosis is more potential than serological detecti-
on by VCA-IgA. The detection of  LMP-1EBV 
by PCR technique on Nasopharyngeal swab can 
be used as a good diagnostic for NPC pathology 
(Cho, 2007; Hao et al., 2004). Constitutive activa-
tion of  NF-kB by the viral oncogene (LMP1) has 
an important role in persistence, but is a risk fac-
tor for EBV-associated lymphomas. Endogenous 
LMP1 escapes degradation upon accumulation 
within intraluminal vesicles of  multivesicular 
endosomes and secretion via exosomes. LMP1 
associates and traffics with the intracellular tet-
raspanin CD63 into vesicles that lack MHC 
II and sustain low cholesterol levels, even in 
‘cholesterol-trapping’ conditions. The lipid-raft 
anchoring sequence FWLY, nor ubiquitylation 
of  the N-terminus, controls LMP1 sorting into 
exosomes. Rather, C-terminal modifications that 
retain LMP1 in Golgi compartments preclude as-
sembly within CD63-enriched domains and/or 
exosomal discharge leading to NF-kB overstim-

ulation. Interference through shRNAs further 
proved the antagonizing role of  CD63 in LMP1-
mediated signalling. Thus, LMP1 exploits CD63-
enriched microdomains to restrain downstream 
NFjB activation by promoting trafficking in the 
endosomalexosomal pathway. CD63 is thus a 
critical mediator of  LMP1 function in- and out-
side-infected (tumour) cells (Verweij et al., 2011). 
mRNA LMP1 EBV that is a transcript of  BNLF1 
gene are detected abundantly in cell culture (Boos 
et al., 1987; Middeldorp et al., 2003). mRNA 
LMP1 EBV is used to be a marker of  EBV infec-
tion in NPC (Yu & Yuan, 2012), because LMP1 
EBV plays an important role for transformation 
from normal cells into tumour cells and metasta-
tic tumour cells (Barnes et al., 2005; Cho, 2007). 
Therefore, the expression of  LMP1 mRNA can be 
used to perform NPC screening and as a marker 
of  NPC diagnostic molecules. The positivity of  
mRNA LMP1 EBV expression is 10-50 percent 
(Middeldorp et al., 2003). In previous studies, 
free EBV DNA in plasma were detected in 3 of  17 
healthy people as control sample (18%) and the 
expression of  EBV lytic genes could be detected 
in healthy career tissue biopsies (Martel-Renoir et 
al, 1995; Feng et al., 2000; Gulley, 2001). 

FFPE is routinely used for the histopatho-
logical diagnosis like cancer in the hospital. The 
process of  fixation and paraffin block embedded 
is able to change the structure of  DNA as forma-
line fixation process. Fixation process of  the net-
work tissue using the formalin and stored it for 
long periods can cause changes in the structure 
of  cells and also causing DNA degradation. Fix-
ation should be used for optimum results is the 
use of  liquid neutral buffered formalin, compa-
red with 10% of  non-buffered formalin as it will 
slow down the process of  degradation caused by 
formaldehyde (Rezeki et al., 2014). The advan-
tages of  using FFPE NPC tumour biopsy in this 
researchs i.e. FFPE NPC tumour biopsy have a 
potensial tissue bank which it has been collected 
by Pathology Anatomy Department of  Prof. 
dr. Margono Soekarjo Hospital for many years, 
FFPE NPC tumour biopsy was a non-invasive 
clinical sample because it was an archived speci-
men, FFPE NPC tumour biopsy needed not an 
ethical approval, the molecular histopathological 
diagnosis used by FFPE NPC tumour biopsy was 
rarely used until at present. Therefore, the expres-
sion of  mRNA LMP1 EBVFFPE tumour biopsy 
in NPC WHO-3 patients can be used to be an 
NPC diagnosis. 

The research result indicated that mRNA 
LMP1 EBV from FFPE tumour biopsy in NPC 
WHO-3 patients were expressed moderately (51,2 
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%). The expression of  mRNA LMP1 EBV from 
FFPE NPC tumour biopsy has potential as a tu-
mour biomarker of  NPC diagnosis in that NPC 
management. Therefore, the molecular methods 
of  NPC diagnosis would improved the manage-
ment of  NPC. 

ACKNOWLEDGMENTS

The authors would like to thanks dr. An-
ton Budi Dharmawan, MSi.Med, Sp.THT-K 
from Department of  Otorhinolaryngology and 
dr. Arundito Widhikusumo, Sp.Rand.Onk from 
Department of  Radiotheraphy, Prof. dr. Margo-
no Soekarjo Government Hospital, Purwoker-
to for the assestment of  medical record in NPC 
patients. Many thanks are also handed to Aris 
Mumpuni for English editing of  the manuscript.

This study is a part of  Hibah Penelitian 
Fundamental in 2015-2016 funded by Direktorat 
Penelitian dan Pengabdian Masyarakat, Direkto-
rat Jenderal Riset dan Pengembangan, Kemen-
terian Riset, Teknologi dan Pendidikan Tinggi, 
Republik Indonesia.

REFERENCE

Adham, M., Kurniawan, A. N., Muhtadi, A. I., 
Roezin, A., Hermani, B., Gondhowiardjo, S., 
& Middeldorp, J. M. (2012). Nasopharynngeal 
Carcinoma in Indonesia : Epidemiology, Inci-
dence, Sign & Symptom at Presenation. Chinese 
Journal of  Cancer, 31(4), 185-196.

Barnes, L., Eveson, J. W., Reichart, P., Sidransky, D. 
(2000). (Eds.): World Health Organization Classifi-
cation of  Tumours. Pathology and Genetics of  Head 
and Neck Tumours. Lyon : IARC Press, 85-97.

Boos, H., Berger, R., Kuklik-Roos, C., Iftner, T., & 
Mueller-Lantzsch, N. (1987). Enhancement of  
Epstein-Barr virus membrane protein (LMP) 
expression by serum, TPA, or n-butyrate in la-
tently infected Raji cells. Virol, 159(1), 161-65.

Brink, A. A., Oudejans, J. J., Jiwa, M., Walboomers, J. 
M., Meijer, C. J., & van den Brule, A. J. (1997). 
Multiprimed cDNA synthesis followed by PCR 
is the most suitable method for Epstein-Barr vi-
rus transcript analysis in small lymphoma biop-
sies. Molecular and cellular probes, 11(1), 39-47.

Chang, E. T., & Adami, H. O. (2006). The enigmatic 
epidemiology of  nasopharyngeal carcinoma. 
Cancer Epidemiology and Prevention Biomarkers, 
15(10), 1765-1777.

Chang, Y., Chang, S.S., Lee, H.H., Doong, S.L., Taka-
da, K., Tsai, C.H. (2004). Inhibition of  the 
Epstein-Barr virus lytic cycle by Zta-targeted 
RNA interference. Journal of  general virology, 
85(6), 1371-1379.

Cho, W. C. S. (2007). Nasopharyngeal carcinoma: mo-
lecular biomarker discovery and progress. Mo-

lecular cancer, 6(1).
Feng, P., Ren, E. C., Liu, D., Chan, S. H., & Hu, H. 

(2000). Expression of  Epstein–Barr virus lytic 
gene BRLF1 in nasopharyngeal carcinoma: po-
tential use in diagnosis. Journal of  General Virol-
ogy, 81(10), 2417-2423. 

Gouveia, G. R., Ferreira, S. C., Ferreira, J. E., Siqueira, 
S. A. C., & Pereira, J. (2014). Comparison of  
two methods of  RNA extraction from forma-
lin-fixed paraffin-embedded tissue specimens. 
BioMed research international, 2014.

Gulley, M. L. (2001). Molecular diagnosis of  Epstein-
Barr virus-related disease. The Journal of  Mo-
lecular Diagnostics, 3(1), 1-10.

Hao, S. P., Tsang, N. M., Chang, K. P., & Ueng, S. 
H. (2004). Molecular diagnosis of  nasopharyn-
geal carcinoma: detecting LMP-1 and EBNA 
by nasopharyngeal swab. Otolaryngology—Head 
and Neck Surgery, 131(5), 651-654.

Hirankarn, N., Kimkong, I., & Mutirangura, A. (2004). 
HLA‐E polymorphism in patients with naso-
pharyngeal carcinoma. HLA, 64(5), 588-592.

Kieff, E. & Rickinson, A. B. (2001). Epstein-Barr virus 
and Its Replication. In : Virology. 4th ed. Fields 
BN, Knipe DM, Howley PM, editors. Philadel-
phia : Lippincott-Raven, 2511-2573.

Kresno, S. B. (2011). Ilmu Dasar Onkologi. Edisi Kedua. 
Jakarta: Penerbit FKUI. 

Martel-Renoir, D., Grunewald, V., Touitou, R., 
Schwaab, G., & Joab, I. (1995). Qualitative 
analysis of  the expression of  Epstein—Barr 
virus lytic genes in nasopharyngeal carcinoma 
biopsies. Journal of  general virology, 76(6), 1401-
1408.

Middeldorp, J. M., Brink, A. A., van den Brule, A. 
J., & Meijer, C. J. (2003). Pathogenic roles for 
Epstein–Barr virus (EBV) gene products in 
EBV-associated proliferative disorders. Critical 
reviews in oncology/hematology, 45(1), 1-36.

Munir, D. (2006). Beberapa Aspek Karsinoma Naso-
faring pada Suku Batak di medan dan seki-
tarnya. J Med School USU, 39(3), 223-226. 

Niedobitek, G. (2000). Epstein-Barr virus infection in 
the patogenesis of  nasopharyngeal carcinoma. 
Molecular Pathology, 53(5), 248.

[OIE] Office international des Epizooties. (2005). Up-
date on avian influenza viruses, including high-
ly pathogenic H5N1 from poultry in live bird 
market in Hanoi, Vietnam in 2001. J Virol, 79: 
4201- 4212.

Old, L. J., Boyse, E. A., Oettgen, H. F., De Harven, 
E., Geering, G., Williamson, B., & Clifford, P. 
(1966). Precipitating antibody in human serum 
to an antigen present in cultured Burkitt’s lym-
phoma cells. Proceedings of  the National Academy 
of  Sciences, 56(6), 1699-1704.

Payungporn, S., Phakdeewirot, P., Chu-tinimitkul, S., 
Theamboonlers, A., Keawcharoen, J., Oraveer-
akul, K., Amonsin, A., & Poovororawan, Y. 
(2004). Single-step multiplex reverse transcrip-
tion-polymerase chain reaction (RT-PCR) for 
influenza A virus subtype H5N1 detection. Vi-



Daniel Joko Wahyono et al. / Biosaintifika 9 (2) (2017) 357-362

362

E., ... & Middeldorp, J. M. (2011). LMP1 asso-
ciation with CD63 in endosomes and secretion 
via exosomes limits constitutive NF‐κB activa-
tion. The EMBO journal, 30(11), 2115-2129.

Wahyono, D. J., Musa, Z., Lisnawati, Suryandari, D. 
A., Hermani, B., & Soeharso, P. (2016). Host-
patogen study : The relative expression of  
mRNA BRLF1 Epstein-Barr virus : a poten-
sial use for biomarker of  tumour progresivity 
&polymorphisms of  TCRBC andTCRGC2 host 
genes related to genetic susceptibility on naso-
pharyngeal carcinoma. BMC Proceeding2016 : 7th 
Biannual International Symposium on Nasopha-
ryngeal Carcinoma 2015, Yogyakarta, Indonesia.

Wibowo, A. A., Susanti R,. Umum, F., & Nugrahnin-
gsih, W. H. (2012). Isolasi dan identifikasi virus 
Avian Influenza subtype H5N1 di pertenakan 
tradisional, Kecamatan Gunungpati, Sema-
rang. Biosaintifika: Journal of  Biology & Biology 
Education, 4(2), 62-69.

Young, L. S. & Rickinson, A. B. (2004). Epstein-Barr 
virus : 40 years on. Nat Rev Cancer, 4(10), 757-
68.

Yu, M. C. & Yuan, J. M. Epidemiology of  nasopha-
ryngeal carcinoma. (2002). Epidemiology of  
nasopharyngeal carcinoma. In Seminars in can-
cer biology (Vol. 12, No. 6, pp. 421-429). Aca-
demic Press.

Zur Hauzen, H. (1970). EBV DNA in biopsies of  Bur-
kitt tumors and anaplastic carcinomas of  the 
nasopharynx. Nature, 228, 1956-1058.

ral Immunol, 17(4), 588-593.
Rezeki, M., Parwati, I., Bethy., & Tjandrawati, A. 

(2014). Validitas Multiplex Real Time Poly-
merase Chain Reaction untuk Diagnosis Lim-
fadenitis Tuberkulosis pada Spesimen Blok 
Parafin. MKB, 46(3), 162-167. 

Roezin, A. (1999). Berbagai faktor penyebab dan pre-
disposisi karsinoma nasofaring. Maj Kedokt In-
don, 49(3), 85-88.

Soeripto. (1998). Epidemiology of  nasopharyngeal 
carcinoma. Berita Kedokteran Masyarakat, 
XIII : 207-11.

Stevens, S. J., Verkuijlen, S. A., van den Brule, A. J., 
& Middeldorp, J. M. (2005). Comparison of  
quantitative competitive PCR with LC-based 
PCR for monitoring of  Epstein-Barr virus 
(EBV) DNA load in clinical specimens. J Clin 
Microbiol, 40, 4105-13. 

Stevens, S. J., Verkuijlen, S. A., Hariwiyanto, B., 
Paramita, D. K., Fachiroh, J., Adham, M., ... & 
Middeldorp, J. M. (2006). Noninvasive digano-
sis of  nasopharyngeal carcinoma : nasopharyn-
geal brushing reveal high Epstein-Barr virus 
(EBV) DNA load and carcinoma-specific viral 
BARF1 mRNA. International journal of  cancer, 
119(3), 608-614.

Thompson, M. P. & Kurzrock, R. (2004). Epstein-Barr 
virus and cancer. Clin Cancer Res, 10(3), 803-
821.

Verweij, F. J., Van Eijndhoven, M. A., Hopmans, E. S., 
Vendrig, T., Wurdinger, T., Cahir‐McFarland, 


