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Abstract: Epstein-Barr virus (EBV)-positive diffuse large B-cell ymphoma (DLBCL) of the elderly has been included
in the 2008 WHO classification of lymphoma as a new provisional entity. EBV-positive DLBCL of the elderly is newly
classified due to the main occurrence usually in patients of older than 50-year-old. This study was performed in 91
DLBCL patients from January 2002 to December 2012 in Catholic university of St. Vincent Hospital. Age distribution
of the patients was 14~87-year-old. Specimens were collected from lymph nodes (n = 45) and extra-lymph nodes (n
= 46). EBV encoded small RNA1 in situ hybridization (EBER1-ISH) known as a standard method for the diagnosis of
DLBCL. In this study, nested PCR of DNA polymerase gene and EBER PCR were conducted to detect EBV. Presence
of EBV was indicated in 3 samples (3.30%) by EBER-ISH, 26 samples (28.57%) by nPCR, and 3 samples (3.30%) by
EBER PCR. The concordant results were obtained from EBER1-ISH and EBER PCR. Two samples were classified as
EBV-positive DLBCL of the elderly among 91 DLBCL patients. Previously, the incidence rate of DLBCL of the elderly
in Asia has been reported as 5~11%, but the result in this study showed a slightly lower incidence rate. To our knowl-
edge, this is the first report on EBV-positive DLBCL of the elderly in Suwon area, Korea. EBER1-ISH and EBER PCR
developed in this study may be helpful in classification of EBV-positive DLBCL of the elderly in future.
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Introduction

In 1958, Denis Burkitt first discovered a dis-
tinct type of tumor occurred in African children
and reported it as a Burkitt’s lymphoma [1]. In
1964, Epstein and Barr observed a malignant
tumor-associated virus, which was named
Epstein-Barr virus (EBV), in the lymphoma tis-
sues by using electron microscope. EBV is a
double stranded DNA virus, and infection with
EBV is called a kissing disease because it is
easily transmitted by physical contacts among
people as well as from environment [2].
Therefore, 95% of the adult populations world-
wide are infected with this virus [3]. In particu-
lar, EBV is the first virus reported that is associ-
ated with the development of cancer in human.

EBV is known to play an important role in the
development of various types of cancers
derived from epithelial cells and lymphocytes
including diffuse large B-cell lymphoma,
Burkitt's lymphoma, thymic carcinoma, Hod-
gkin’s lymphoma, gastric carcinoma and naso-
pharyngeal carcinoma [4-71].

EBV mainly infects B lymphocytes and epithelial
cells, and once infects cells, it persists life-long
asymptomatic infection [8]. There are two types
of the EBV lifecycle after infection. During the
lytic EBV infection, viruses are replicated and
released from cells thereby causing damages
to host cells as well as enabling transmission of
infectious virions to other people. In the latent
state of B cell infection, cell cycle, cell death
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and immune response are influenced by expres-
sion of viral gene which results in the initiation
of tumorigenesis and transmission of virus [9,
10]. There are three known phases of EBV
latent infection characterized by the genes
expressed. In latency |, Epstein-Barr nuclear
antigen 1 (EBNA1) and Epstein-Barr virus-
encoded small RNA (EBER) genes are expressed
and Burkitt's lymphoma is associated with this
latency | [11]. Further genes are expressed in
latency Il including latent membrane protein 1
(LMP1), latent membrane protein 2A (LMP2A),
and latent membrane protein 2B (LMP2B) as
well as EBNA1 and EBER. These genes are
known to cause tumor, and nasopharyngeal
carcinoma and Hodgkin’s lymphoma are asso-
ciated with latency Il. In latency Ill, all of the 10
proteins known to be expressed in latent infec-
tion are expressed. In particular, EBER is
expressed in all the phases of latent infection,
and moreover EBER is highly expressed in
latent infection [12, 13]. Therefore, EBER is
widely used as a reliable marker for presence
of EBV infection [14].

Oyama et al. reported lymphoproliferative dis-
ease associated with EBV, and especially in the
studies on 22 patients older than 60-year-old
without immune deficiency, they suggested the
development of diffuse large B-cell ymphoma
in association with EBV and decline in immunity
in the wake of advancing in age [15, 16].
Furthermore in Korea, 380 patient samples
diagnosed with diffuse large B-cell ymphoma
were analyzed by EBV-encoded small RNA-1
(EBER1) in situ hybridization and EBV was
detected in 34 of the patients. Most of the 34
patients with EBV were more than 60-year-old
and showed short survival time and poor prog-
nosis [17].

DLBCL is a B cell-derived large cell lymphopro-
liferative disease and it seems possible to be
divided into various subtypes because of its
diverse histomorphological findings, immuno-
logical, clinical and genetic feature, prognosis
and response to therapy. The classification of
DLBCL by WHO in 2008 became more detailed
and EBV positive DLBCL of the elderly was
included in the revised classification [18].

In this study, we studied 91 cases diagnosed
with DLBCL at St. Vincent Hospital. The number
of cases included in the EBV positive DLBCL of
the elderly was investigated, and we also
observed age, sex, affected organs, period of
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illness and mortality of the cases. In addition,
we compared detection rate of standard
EBER1-ISH method with PCR targeting EBER
gene or nPCR targeting DNA polymerase gene.

Materials and methods
Research objects

We studied 91 cases diagnosed with DLBCL at
St. Vincent Hospital from January 2002 to
December 2012. Based on the reports by
pathologic diagnosis, hematoxylin & eosin
(H&E) stained slides that were previously pre-
pared for diagnosis were reexamined according
to the standard of WHO classification in 2008.
In addition, age, sex, affected organs, period of
illness and motality were also investigated.

Tissue microarray (TMA) block

To examine the samples in the same condition,
we prepared TMA block. Hollow needle was
used to collect tissues as small as 2 mm diam-
eter and 3 mm depth from the sample paraffin
blocks. The tissues were placed in the TMA cas-
sette and embedded in paraffin. In total, 3 TMA
blocks with 5 rows and 7 columns were
produced.

In situ hybridization

To detect EBV, Epstein-Barr virus encoded
small RNA-1 (EBER21)-in situ hybridization meth-
od was used. Four m thick sections of TMA
blocks were attached to the poly-L-lysine coat-
ed slide glasses and stained by using EBER
probe and ISH VIEW BLUE detection kit
(Ventana medical system, Tucson, USA). The
process was preceded automatically in the
BenchMark XT autostainer (Ventana medical
system, Tucson, USA). A tissue diagnosed as
Hodgkin’s lymphoma was set as an EBV posi-
tive control.

DNA extraction

Formalin-fixed paraffin-embedded (FFPE) tis-
sues from DLBCL patients were sectioned into
10 um thick, and three sections of each sample
were placed in sterilized Eppendorf tube.
Paraffin was removed by adding 1 ml xylene
and the remaining xylene was removed by etha-
nol washing. The samples were completely
dried and DNA was extracted by using DNA iso-
lation Kit (QIAamp DNA FFPE Tissue Kit, QIAGEN
Inc., Chatsworth, USA).
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Table 1. Description of the primers used in this study

Primer Primer sequence (5’-3") Amspi>lz|;:on Gene Reference
HVGS1  CGACTTTGCCAGCCTGTACC 225 bp DNA polymerase gene 11

HVGS2  AGTCCGTGTCCCCGTAGATG

EBPO1  ATGGAGAGGCAGGGAAAGAG

EBPOLT GGGCGTCTACCACTTTGTAA

EBER-F1 GATCCAAACTTTAGTTTTAG 150 bp
EBER-R1 GCGAACCGTAACTCTATAC

EBV encoded small RNA 1 and 2 promoter gene this study

Table 2. Clinical characteristics of the DLBCL

patients

Total 91

Age, yr 10~20 1
21~30 4
31~40 5
41~50 16
51~60 15
61~70 20
71~80 26
81~90 4

Sex Male 45
Female 46

Site of biopsy  lymph node 45
*extra-lymph node 46

*extra-lymph node: adrenal (n=1), mediastinum (n=1),
brain (n=2), breast (n=2), skin (n=3), colon (n=2), femur
(n=1), gingiva (n=1), ileum (n=4), jejunum (n=1), kidney
(n=1), maxillary sinus (n=1), nasal cavity (n=1), occipital
area (n=1), ovary (n=2), parotid gland (n=1), small in-
testine (n=3), stomach (n=5), testis (n=4), thyroid gland
(n=1), tongue (n=1), tonsil (n=4), urinary bladder (n=2)
and uterus (n=1).

PCR method for EBER gene amplification

The primers used in the experiment are listed in
Table 1. Reaction mixture for PCR included 2 pl
template DNA, 10 pmole of forward and reverse
primers for EBER, 2 ul of 10 x PCR buffer, 0.2
mM deoxynucleoside triphosphate, and 0.25 U
Tag DNA polymerase (CosmoGenetechCo.,
Seoul, Korea). PCR reaction was preceded in a
thermal cycler (GeneAmp PCR system 2700,
Perkin-Elmer Cetus, Boston, USA). Cycling con-
ditions are as follows: denaturation at 95°C for
5 min, followed by amplification cycle at 95°C
for 30 sec, 50°C 30 sec, 72°C 30 sec for 30
cycles and final extension at 72°C 7 min.
Amplified product was separated on 2% aga-
rose gel, stained with ethidium bromide (0.5
ug/ml) for 10 min, and the image was taken by
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GelDoc Image Analyzer (Bio-Rad, Hercules,
USA). The size of the product was compared to
100 bp DNA ladder (Fermentas, Burlington,
Canada).

Production of recombinant plasmid

Recombinant plasmid was produced by using
cloning kit (TOPO TA Cloning Kit, Invitrogen,
Carlsbad, USA) in order for cloning of EBER
gene.

Primer for EBER gene amplification

Primers for EBER gene amplification was
devised using Primer 3 Input (version. 0.4.0).
The sequence information is written on Table
1.

Sensitivity test for EBER primer

Ten-fold serial dilutions of recombinant plasmid
DNA (from 1 copy/ul to 1x10° copies/ul) were
made and used as template DNAs for sensitivi-
ty test of EBER primer. PCR reaction was con-
ducted as previously mentioned above.

Specificity test for EBER primer

To test the specificity of the EBER primer,
recombinant plasmid DNA, a sample (NO. 13)
which showed positive in the PCR using EBER
primer was used as a positive control and DNAs
extracted from three normal lymph node speci-
mens and three normal ileum specimens were
used as a negative control. PCR reaction was
conducted as previously mentioned above.

Sequencing

To confirm whether the amplified product was
EBER gene, amplified products from recombi-
nant plasmid DNA and three positive speci-
mens (13, 37 and 69) were subjected to
sequencing.

Int J Clin Exp Pathol 2015;8(7):7859-7868
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Figure 1. H&E (Hematoxylin-Eosin) stain of a DLBCL case. (A) Normal lymph node shows follicles (yellow arrows)
with germinal center, mantle zone and marginal area, (B) lymph node in DLBCL patient characterized by efface-
ment of structure without noticeable follicular structure (original magnification x100). Representative results of
Epstein-Barr virus-encoded small RNA-1 in situ hybridization. (C) Negative EBER1-ISH, (D) positive EBER1-ISH show-
ing strong staining which indicates EBER1 transcripts of EBV accumulated in the nucleus of EBV-infected cells
(Original magnification, x400).

Nested PCR (nPCR) method for EBV DNA poly-
merase gene amplification

The primers used in the experiment are listed
on Table 1. In the first step, 20 pmole of HVGS1
and HVGS2 primers were used for amplification
of DNA extracted from FFPE specimen. The
amplified product at the first step was used as
a template DNA and 20 pmole of EBPO1 and
EBPOLT were used as primers in the second
step. Amplified product was separated on 2%
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agarose gel, stained with ethidium bromide
(0.5 pg/ml) for 10 min, and the image was
taken by GelDoc Image Analyzer. The size of the
product was compared to 100 bp DNA ladder.

Results
Characteristics of the patients

Ages of 91 patients diagnosed with DLBCL at
St. Vincent Hospital are distributed as follows:
10- to 20-year-old (1), 21- to 30-year-old (4), 31-

Int J Clin Exp Pathol 2015;8(7):7859-7868
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Figure 2. Nested-PCR for DNA polymerase gene of EBV from DLBCL patients. Lane M, 100 bp molecular marker;
lane N, negative control; lane 1 to 91, DNAs from patients with DLBCL.

300 bp—P>
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Figure 3. PCR for EBER gene of EBV from patients with DLBCL. Lane M, 100 bp molecular marker; lane N, negative
control; lane 1 to 91, DNAs from patients with DLBCL; lane 13, 37 and 69 were found to be EBV positive.

to 40-year-old (5), 41- to 50-year-old (16), 51- to
60-year-old (15), 61- to 70-year-old (26) and 71-
to 80-year-old (4). The age distribution was
from 14- to 87-year-old, the median age was
62-year-old and the average was 59.6-year-old.
The overall male and female distributions were
46 and 45 for male and female respectively
(male: female =1.02:1). Specimens were col-
lected from lymph node (45 cases) or extra-
lymph node (46 cases) and the frequency of the
extra lymph node was especially high at stom-
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ach, ileum, testis, tonsil, and skin (Table 2).
According to the follow-up-survey for patients’
survival, 68 of 91 cases were survived.

Result of EBER1-in situ hybridization

Of the 91 cases of DLBCL, 3 cases (3.3%)
showed positive results in the EBER1-ISH meth-
od (Figure 1C, 1D). In the 3 positive cases,
almost all the tumor cells were positively
stained. In 14 cases (15.3%), however, individu-
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Table 3. Summary of clinical and PCR result of the EBV positive DLBCL of the elderly patients

NO. Sex Age Diagnosis Site “EBER-ISH "DNApol "EBER
7 M 66 DLBCL extra-lymph node, kidney +

13 M 73 DLBCL extra-lymph node, chest wall + + +
19 M 65 DLBCL extra-lymph node, tonsil +

37 M 49 DLBCL lymph node, neck + + +
58 M 48 DLBCL lymph node, neck +

59 F 64 DLBCL extra-lymph node, tonsil +

63 F 81 DLBCL extra-lymph node, ileum +

64 F 42 DLBCL extra-lymph node, breast +

66 F 52 DLBCL extra-lymph node, colon +

69 F 74 DLBCL lymph node, neck + + +
72 F 67 DLBCL lymph node, neck +

74 M 37 DLBCL lymph node, neck +

75 M 14 DLBCL lymph node, neck +

76 F 71 DLBCL extra-lymph node, uterus +

78 F 77 DLBCL lymph node, axillary +

79 F 77 DLBCL extra-lymph node, cheek +

80 M 65 DLBCL extra-lymph node, chest +

81 F 43 DLBCL extra-lymph node, ovary +

82 F 64 DLBCL extra-lymph node, ovary +

84 F 57 DLBCL extra-lymph node, stomach +

85 M 42 DLBCL extra-lymph node, ileum +

87 M 48 DLBCL extra-lymph node, ileum +

88 M 59 DLBCL lymph node, neck +

89 M 67 DLBCL lymph node, neck +

90 F 69 DLBCL lymph node, neck +

91 M 76 DLBCL lymph node, neck +

“Abbreviations. EBER 1-ISH; EBV encoded small RNA-1, DNA pol; DNA polymerase gene, EBER; EBV-encoded small RNA gene.

300 bp —p»
200 bp —
100 bp —

Figure 4. A. Sensitivity of EBER PCR for the detection
of human herpesvirus 4 proviral DNA for EBER-1 and
EBER-2 promoter. B. Specificity of EBER PCR. Lane
M, 100 bp molecular marker; lane P, positive control;
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lane 1, ISH positive sample; lane 2 to 4, lymph node;
lanes 5 to 7, ileum; lane N, negative control. Lanes 2
to 7 were ISH negative samples.

ally stained cells were dispersed in the tissue,
thus we determined these cases negative.

nPCR result of EBV DNA polymerase gene

Among the 91 DLBCL cases 26 cases (28.57%)
were positive for DNA polymerase gene in the
nPCR results (Figure 2).

PCR result of EBV EBER gene

We devised primers for EBER gene investigated
the 91 DLBCL cases. The result suggested that
3 of 91 cases (3.3%) were positive for EBER
(Figure 3). The 150 bp amplified products were
shown in the sample No. 13, 37 and 69 the
result of which is exactly correlated to the
EBERZ-ISH result.

Int J Clin Exp Pathol 2015;8(7):7859-7868
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EF187853.1 TTAGGATTTATGCATCCATTATCCCGCAGTTCCACCTARACGHGGCTTRRCGTTGRCATCCCAGARGATGCACACGTARCCCCHRCCTACARCCGTRACGTRLCTGTTTACCAGCATGTATAGAGT TRCGET
positive GGGCTTARCGT TECATCCCAGRAGA TGCACACGTRAACCCCGCC TRCAACCGTGACGTGGCTGT T TACCAGCATGTRTAGAGT TRCGGT
69 GGGCTTAACGT TGCATCCCAGRAGA TGCACACGTAACCCCGCC TACRACCGTGACGTGGCTGTTTACCAGCATGTATAGAGT TRCGGT

37 GGGCTTRAACGTTGCATCCCAGARGATGCACACGTAACCCCGCCTACAACCGTGACGTGGCTGTTTACCAGCATGTATAGAGT TRCGGT

13 GGGCTTRACGTTGCATCCCAGARGA TGCACACGTAACCCCGCCTACARCCGTGACGTGGCTGTTTACCAGCATGTATAGAGT TRCGET
CoONSENnSUS ..cscesscsscsssssssssssssssssssnsssssnsasns GGGCTTARCGTTGCATCCCAGARGA TGCACACGTARCCCCGCCTACAACCGTGACGTGGCTGTTTACCAGCATGTATAGAGT TRCGGT
391 400 410 420 430 440 460 470 480 490 500 510 520

EF187853,1 TCACTACATCARRCAGGACAGCCGTTGCCCTAGTGGTTTCGEACACACCGCCARCGETCAGTGCGETGCTACCEACCCGAGGTCARGTCCCGEG6GARGAGARGAGAGGETTCCCRCCTAGAGCATTTGE
1c

Consensus Th..ccccssscscsssssosscsssssssscsssssssssscssssssssssscsses

Figure 5. Comparison of the DNA sequence between EBER reference gene sequence (GenBank accession number:
EF187853.1) and PCR amplicon of EBV positive samples in DLBCL patients (No. 13, 37, 69). DNA sequences of
each samples and EBER reference gene sequence were same sequence.

Classification of the EBV positive DLBCL of the
elderly

There were 3 cases (3.3%) positive for all the
three methods (EBER1-ISH, EBER-PCR, and
DNA polymerase-nPCR) among the 91 cases
diagnosed with DLBCL at St. Vincent Hospital
(Table 3). The age of each case was 47, 73 and
74 respectively, two of which were male and
another of which was female. Two samples
were collected from lymph node and another
was from extra-lymph node (chest wall).
Therefore, the two cases that were older than
50-year-old are classified as EBV positive
DLBCL of the elderly.

Sensitivity and specificity of the EBER primer

Sensitivity of the EBER primer was investigated
by using recombinant EBER plasmid DNA as a
template DNA. Among the 10-fold diluted sam-
ples, at least 1x10° copy/ul sample was detect-
ed by PCR (Figure 4A). Furthermore, not any
amplified product was detected in the normal
lymph node and ileum samples but in the
recombinant plasmid and positive samples
which suggests the primer is specific to EBER
(Figure 4B).

Sequencing result

Sequence of the PCR amplicon amplified by
EBER primer was compared to the EBER refer-
ence gene sequence registered to GenBank
(accession number: EF187853.1). PCR ampli-
con sequences of the positive samples (13, 37
and 69) were identical to the EBER reference
gene (Figure 5).

Discussion

DLBCL includes various types of lymphomas
with different histological findings, immunologi-
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cal and genetic characteristics, clinical diag-
nostic features, and prognosis and responsive-
ness to the therapy. The classification of lym-
phomas became more detailed in the revised
WHO classification in 2008 which included EBV
positive DLBCL of the elderly. EBV positive
DLBCL of the elderly is closely associated with
EBV and occurs in people who are older than
50-year-old [18]. In this study, we detected EBV
in the specimens from DLBCL patients by using
EBER1-ISH, PCR targeting EBER gene and nPCR
targeting DNA polymerase gene, compared
detection rate, and examined how many cases
are classified as EBV positive DLBCL of the
elderly.

We performed experiments based on 91 cases
diagnosed with DLBCL at St. Vincent Hospital
from 2002 to 2012. Previously made H&E
stained slides and immunohistochemical slides
were reconfirmed, and the tissues in the paraf-
fin blocks were collected by microneedle to pre-
pare tissue microarray block. Tissue microarray
block was made to examine the samples in the
same condition, and EBER1-in situ hybridiza-
tion method was used to detect EBV in the
samples. In addition, the DLBCL samples were
also analyzed by nPCR and PCR methods to
detect EBV.

In the results, there were three cases that were
positive for all the three methods (ISH, nPCR,
PCR). Among them, patients of two cases
(2.4%) were older than 50-year-old thus classi-
fied as EBV positive DLBCL of the elderly. This
result indicates that EBV positive DLBCL of the
elderly in Korea is less frequent than in Asia
(5~11%), but the frequency is closer to the fre-
quency in Western countries (5%) [16, 17, 19].
The mechanism of EBV positive DLBCL of the
elderly is still unclear, but regression of immune
system caused by aging and similarity between

Int J Clin Exp Pathol 2015;8(7):7859-7868
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EBV positive DLBCL of the elderly and immune-
mediated lymphoproliferative disease such as
lymphoproliferative disease after transplanta-
tion somewhat explain the development of the
disease [20, 21]. Number of naive T cells
decreases with advancing years, and naive
CD8+ T-cells are scarce in old people that
explain debilitation of immune defense mecha-
nism and close correlation of EBV positivity in
elderly followed by proliferation of EBV+ B-cell
and subsequent progression to DLBCL [22].

In our study, there was one case which was EBV
positive not included in EBV positive DLBCL of
the elderly because the patient was younger
than 50-year-old. This result is explained by
other reports of DLBCL in patients younger
than 50-year-old. Beltran et al. reported that
EBV associated DLBCL can occur in young
patients thus they suggested that the age crite-
ria or name of category should be revised [23].
Oyama et al. used term ‘senile’ rather than
‘age-related’ in their report regarding 22
patients with EBV+ B-cell lymphoproliferative
disease because the disease could develop in
young patients, and in their report in 2007,
their study targeted patients more than
40-year-old [15, 16].

In the preliminary studies, it was considered
that EBV invades into extra-lymph node region
in most EBV positive DLBCL of the elderly
patients [15, 17]. However, currently it has
been reported that invasion to lymph node
accounts for 70% and to extra-lymph node
accounts for 30% in general. In our study, the
location of the disease occurrence was one in
the lymph node and another in the extra-lymph
node out of 2 cases of EBV positive DLBCL of
the elderly. The extra-lymph node location was
skin which is one of the major extra-lymph node
region invaded by EBV (skin, pharynx, tonsil,
pleura, stomach, liver, spleen, appendix, bone
marrow and nasal cavity) according to the
reports [19, 23].

ISH has been generally used as a standard
method to detect EBV associated with tumors,
but several reports suggested that ISH shows
negative while molecular diagnostic or immu-
nohistochemical method shows positive which
confuse the diagnosis [24-29]. In the study to
detect EBV in plasma and paraffin embedded
tissue conducted by Ryan et al., ISH method
and quantitative real-time PCR for five EBV
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genes including EBNAL, LMP1 and LMP2 were
compared. According to their report, the real-
time PCR result for EBNA1 was comparably
similar to ISH result [30]. In this study, we com-
pared three different methods which are
EBER1-ISH method, previously reported nPCR
method, and PCR method using specific primer
for EBER devised in this study. In the results, 3
cases for ISH (3.30%), 26 cases for nPCR
(28.57%) and 3 cases for PCR (3.30%) were
shown to be positive for EBV. Nine-fold higher
positivity was shown in nPCR results compared
to ISH and PCR results. Nested-PCR generally
shows higher sensitivity than conventional PCR
method, and almost all people are latently
infected with EBV. Therefore, we consider the
higher positivity in nPCR result is due to the
false-positive. All the three positive cases of
ISH coincide with the positive cases of PCR
which indicates exactly the same result to the
standard ISH method was shown in the PCR
result using EBER specific primer devised in
this study. We tested the sensitivity of PCR
using EBER primer to exclude false-positivity,
and specificity of the primer was also evaluat-
ed. Although more cases should be evaluated
because the number of EBV positive cases
examined in this study was only 3 out of 91
cases, if PCR method substitute for ISH meth-
od, a large number of samples can be pro-
cessed at the same time, it will be cost-effec-
tive and easy to evaluate the results.

This is the first report regarding EBV positive
DLBCL of the elderly in Suwon, Korea. We
expect that these data will provide the founda-
tion to classify EBV positive DLBCL of the elder-
ly. Furthermore, it seems necessary to investi-
gate more cases in combination with evalua-
tion of pathological characteristics for better
understanding in EBV infection and DLBCL.

Conclusion

In this study, we compared detection rate of
EBV by three different methods. Among the 91
cases, 3 cases showed positive in EBER1-ISH
(3.30%), the same 3 cases were positive in
EBER1-PCR (3.30%) and 26 cases were posi-
tive in nPCR (28.57%). It is notable that the PCR
result using EBER specific primer devised in
this study showed exactly the same result to
the ISH result. Two cases (2.4%) of the three
EBV positive cases were older than 50-year-old

Int J Clin Exp Pathol 2015;8(7):7859-7868
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thus classified as EBV positive DLBCL of the
elderly which is less frequent than in Asia
(5~11%), but the frequency is closer to the fre-
quency in Western countries (5%). Although
more cases should be evaluated because the
number of EBV positive cases examined in this
study was only 3 out of 91 cases, if PCR meth-
od substitute for ISH method, a large number of
samples can be processed at the same time, it
will be cost-effective and easy to evaluate the
results.
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