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Epstein-Barr virus (EBV) has a pathogenic role in several lymphomas including diffuse large B-cell lymphoma 
(DLBCL). In this study, we detected EBV from formalin-fixed paraffin embedded (FFPE) tissues of DLBCL patients 
by RT-PCR and compared the sensitivity of the RT-PCR method to in situ hybridization (ISH) method. The RNA was 
extracted from 91 FFPE samples with DLBCL and amplified with primers targeting EBV-encoded small RNA (EBER) 
by RT-PCR. When using the RT-PCR method, 13 of 91 patients (14.3%) were positive and among these 13 cases, 7 
cases (7.7%) were from > 50-year-old patients that is classified as EBV positive DLBCL of the elderly. In previous 
results using ISH method, 3 of 91 patients (3.3%) were positive and 2 case (2.4%) were older than 50-year-old. These 
results indicate that RT-PCR method used in this study shows a higher sensitivity than ISH method. The ratio of male 
versus female among the EBV positive samples was 1.2:1 with the ratio of male higher. If RT-PCR method having high 
sensitivity is used simultaneously as well as the ISH method providing the information of the EBV positive cellular 
location, it is expected that EBV will be more accurately detected. 
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INTRODUCTION 

 
EBV is a human herpesvirus-4 (HHV-4) which possesses 

172 kbp long double stranded DNA, and it was first dis- 
covered from human cancer cells in 1963 (Epstein, 1994). 
More than 90% of adult human population worldwide is 
infected with EBV. EBV is mainly transmitted through saliva, 
and primarily targets B lymphocytes and laryngopharyngeal 
epithelial cells (Niedobitek and Young, 1994; Gratama and 

Ernberg, 1995). EBV infects and proliferates in laryngo- 
pharynx by lytic replication, then spreads to the surrounding 
epithelial cells and B lymphocytes. Infected B lymphocytes 
move to other organs or lymphatic tissues via blood circu- 
lation and transmit the virus to other epithelial cells and B 
lymphocytes (Niedobitek and Young, 1994; Gratama and 
Ernberg, 1995). EBV in B lymphocytes normally maintains 
the latent form of infection and expresses a limited number 
of genes which induce immortalization of the host cell 
(Niedobitek and Young, 1994; Gratama and Ernberg, 1995). 
The genes expressed during the latent infection include six 
types of EBV nuclear antigens (EBNA-1, -2, -3A, -3B, 
-3C, and -LP), three EBV latent membrane proteins (LMP1, 
LMP2A, and LMP2B), two EBV encoded small RNAs 
(EBER1, and EBER2) and transcripts from BamHI-A region 
(Gratama and Ernberg, 1995; Anagnostopoulos and Hummel, 
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1996). 
EBV infection is mostly asymptomatic. However, initial 

infection of EBV during adolescent period occasionally 
induces infectious mononucleosis, and it was also reported 
that EBV infection contributes to the development of 
Hodgkin's lymphoma, Burkitt's lymphoma, nasopharyngeal 
carcinoma, gastric carcinoma and lymphoproliferative dis- 
orders in HIV or immune suppressed patients (Raab-Traub, 
1992; Knipe and Howley, 1996). The genes expressed 
during the latent state of infection are involved in the EBV-
associated development of cancer, and especially in vitro, 
LMP1 and EBNA2 are known to play the most important 
role in the immortalization of B lymphocytes (Knipe and 
Howley, 1996). 

EBER is the most abundantly expressed gene during the 
latent state of EBV infection, but the transcript is not trans- 
lated to a protein. There are two types of EBER genes 
(EBER1 and EBER2). EBER1 and EBER2 genes are 162 
and 172 nucleotides in lenght and they are transcribed by 
host RNA polymerase III (Rosa et al., 1981). Although, the 
precise mechanism and the role of EBER in immortalization 
of the host cell is unclear, B lymphocytes expressing EBER 
show resistance to apoptosis (Nanbo et al., 2002), and recent 
reports discovered that EBER binds to intracellular proteins 
and it is secreted to the outside of the cells thereby inducing 
secretion of various cytokines associated with inflammation 
(Kitagawa et al., 2000; Iwakiri et al., 2003; Yang et al., 2004; 
Iwakiri et al., 2005). In particular, EBER is being used as a 
diagnostic target for EBV infection because the gene is 
expressed considerably a lot in the latent infection (Chang 
et al., 1992). Therefore, in-situ hybridization (ISH) targeting 
EBER gene in the formalin fixed paraffin embedded (FFPE) 
tissue is currently used as a gold standard method for 
detection of EBV infection (Chang et al., 1992). The strength 
of ISH is the method shows not only the presence of EBV 
infection but also provides the location of EBV infected 
lesion. However, sensitivity of the ISH is considered to be 
lower than PCR method (Qi et al., 2013). 

Diffuse large B cell lymphoma (DLBCL) is one of the 
most common type of lymphomas which accounts for 30~ 

40% of non-Hodgkin's lymphomas (The Non-Hodgikin's 
Lymphoma Classification Project, 1997). The average age 

of the DLBCL patients is 70 years and the progression of 
the disease is considered to be fast (Vinay et al., 2010; Smith 
et al., 2011). In particular, it has been reported that EBV-
positive DLBCL of the elderly showed poor prognosis 
which includes less responsiveness to therapies and shorter 
survival rate than that of EBV-negative DLBCL (Oyama et 
al., 2007; Park et al., 2007). In this study, we used RT-PCR 
method and targeted EBER to detect EBV infection from 
the FFPE samples of the DLBCL patients. 

 
MATERIALS AND METHODS 

Collection of FFPE samples and RNA extraction 

A total of 91 FFPE tissues diagnosed with DLBCL from 
January 2002 to December 2012 were collected at St. Vincent 
Hospital. This study was approved by St. Vincent Hospital 
Institutional Review Board (IRB number VC14SISI0127). 
The FFPE tissues were sectioned (10 μm) and placed in 
sterile 1.5 ml tube. The tissue sections were treated with 1 ml 
xylene to remove paraffin from the tissues, then xylene was 
removed by ethanol. Tissue homogenized buffer (75 μl), 
10% SDS (15 μl) and proteinase K (9 μl) were added to the 
tissues and incubated at 55℃ overnight. The tissues were 
then treated with 1 ml Trizol and RNA was extract according 
to the manufacturer's instruction. Briefly, 200 μl of chloro- 
form was added to Trizol treated samples, vigorously mixed 
and centrifuged at 13,500 RPM for 15 min. Aqueous phase 
was moved to a new tube and the equal volume of isopro- 
panol was added to precipitate RNA. The mixture was 
incubated for 15 min and then centrifuged at 13,500 RPM 
for 10 min. Precipitated RNA was washed once with 75% 
ethanol in DEPC treated water and completely dried then 
RNA was finally dissolved in DEPC water. 

RT-PCR (Reverse transcriptase - polymerase chain 
reaction) 

Extracted RNA was quantified by infinite M200PRO 
(TECAN) and cDNA was synthesized using 2 μg of RNA. 
Ten-fold diluted cDNA was subjected to PCR. Cycling 
conditions are as follows: denaturation at 95℃ for 5 min, 
followed by amplification cycle at 95℃ for 30 sec, 50℃ 
30 sec, 72℃ 30 sec for 30 cycles and final extension at 
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72℃ 7 min. Amplified product was separated on 2% agarose 
gel, stained with ethidium bromide (0.5 μg/ml) for 10 min, 
and the image was taken by GelDoc Image Analyzer (Biorad, 
Hercules, USA). The size of the product was compared to 
100 bp DNA ladder (Fermentas, Burlington, Canada). The 
sequences of the primers are as follows: GAT CCA AAC 
TTT AGT TTT AG (EBER1 forward), GCG AAC CGT 
AAC TCT ATA C (EBER1 reverse), CCA CAT GGC TCA 

GAC ACC AT (GAPDH 71 bp forward), ACC AGG CGC 
CCA ATA CG (GAPDH 71 bp reverse), CCA CAT GGC 
TCA GAC ACC AT (GAPDH 153 bp forward), GTA AAC 
CAT GTA GTT GAG GTC (GAPDH 153 bp reverse), TAT 
GAC AAC AGC CTC AAG AT (GAPDH 316 bp forward), 
and AGG TCC ACC ACT GAC ACG TT (GAPDH 316 bp 
reverse). The primers for EBER1 were designed in our 
study group and specificity of the primers was confirmed 
by sequencing of the amplicon in our recent report (Lee et 
al., 2015). The primer sequences for GAPDH were obtained 
from previous reports (Petry et al., 2006; Kashofer et al., 
2013). 

 
RESULTS AND DISCUSSIONS 

Design of PCR primers appropriate to amplify the RNA 
from FFPE samples 

FFPE tissues are generally fixed with formalin that sub- 
sequently results in the fragmentation of RNA in the tissue. 
Therefore, we designed three different primers with different 
product length (71, 153 and 316 bp) to select the suitable 
product length for PCR. In the results, the amplicon was 
hardly detectable with the primer designed to produce 316 
bp PCR products (Fig. 1A). We presumed that this was 
because of the fragmentation of RNA in FFPE samples. 
According to the previous report, RNA was fragmented to 
less than 361 bp in FFPE samples that was concordant with 
our result (Bonin et al., 2003). In contrast, the amplicon 
was detectable with the primer designed to produce 71 bp 
product, although the product was overlapped the primer 
dimers (Fig. 1B). The primer with 153 bp product size 
successfully produced amplicon without overlapping primer 
dimmers (Fig. 1C). Therefore, we designed a primer pro- 
ducing 150 bp product for detection of EBER. 

Comparison of RT-PCR method to detect EBER with 
other methods for diagnosis of DLBCL 

A total of 91 FFPE tissue samples diagnosed with 
DLBCL were collected and subjected to RT-PCR with the 
primer we designed to detect EBER. A PCR product of 
150 bp was detectable with the primer we designed and 13 
of 91 (14.3%) were shown to be positive for EBER (Fig. 

Fig. 1. GAPDH RT-PCR with formalin fixed paraffin embedded
(FFPE) tissues from diffuse large B cell lymphoma (DLBCL) 
patient. (A) Samples from FFPE tissues are not amplified at 316 
bp, because the RNA from FFPE may be too fragmented to be 
amplified. (B) Samples from FFPE tissues are amplified at 71 bp, 
but RT-PCR product can be confused with primer dimer. (C) 
Samples from FFPE tissues are amplified at 153 bp, and RT-PCR 
product is not confused with primer dimmer. Lane M: size marker,
lane 1: RNA from human cell line, lanes 2~6: FFPE samples, lane
7: DW. 
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2). Among the 13 positive cases, seven (7.7%) cases were 
older than 50-year-old that are classified as EBV positive 
DLBCL of the elderly (Table 1). Our previous result by ISH 
method showed 3 of 91 (3.3%) cases were EBV positive and 
2 cases (2.4%) were included in the EBV positive DLBCL 

of the elderly (Lee et al., 2015). These results indicate that 
RT-PCR shows the higher positive rate than ISH method. 
According to the previous reports, the positive rates of EBV 
positive DLBCL of the elderly by ISH method were below 
5% in Western countries and 8.7~11.4% in Asia and Latin 
America (Kuze et al., 2000; Oyama et al., 2007; Park et al., 
2007). In this study, however, the positive rate by ISH 
method was lower and the positive rate by RT-PCR was 
higher than the previous reports. There are no determined 
criteria how to report EBV positive based on what percent 
of the cancer cells is positive for EBER by ISH method (Ok 
et al., 2013). Therefore, the positive rate of ISH method 
varied by the criteria applied. On the contrary, the positive 
rate by RT-PCR is relatively high because RT-PCR method 
can detect EBER as long as the gene is expressed. Therefore, 
it is considered that the difference of positive rate between 
ISH and RT-PCR method in this study is because of the 
high sensitivity of RT-PCR and abovementioned reason. 

Regression of immune function caused by aging and 
oncogenic property of EBV is considered as the most signifi- 
cant cause of the DLBCL. Also, chromosomal abnormality 
in DLBCL is less frequent than in other type of cancers 
because the immune regression and oncogenicity of EBV 
is sufficient to induce cancer (Montes-Moreno et al., 2012). 
However, EBV positive DLBCL in young patients has been 
reported and there were 5 EBV positive cases in their forties 
in this study (Smith et al., 2010). Among the EBV positive 

Table 1. Clinical characteristics of the DLBCL patients 
 

 Total Positive 
in ISH 

Positive in 
RT-PCR 

Case No. (%) 91 3 (3.2%) 19 (20.9%) 

Age 10~20  1   
 21~30  4   
 31~40  5   
 41~50 16 1 5 
 51~60 15  2 
 61~70 20  3 
 71~80 26 2 2 
 81~90  4  1 
Sex Male 45 2 7 
 Female 46 1 6 
 
Site of 
biopsy 

Lymph node 45 2 7 
*Extra-lymph 
node 46 1 6 

*Extra-lymph node: adrenal, mediastinum, brain, breast, skin, colon, 
femur, gingiva, ileum, jejunum, kidney, maxillary sinus, nasal 
cavity, occipital area, ovary, parotid gland, small intestine, stomach,
testis, thyroid gland, tongue, tonsil, urinary bladder and uterus. 

Fig. 2. RT-PCR of Epstein-Barr virus encoded small RNA (EBER) with formalin fixed paraffin embedded (FFPE) tissues from 
DLBCL patients. Lane M: marker, lane 1: positive control, lanes 2~14: FFPE samples, lane 15: DW. 
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DLBCL patients, male and female distributions were 7 and 
6 respectively (male : female = 1.2 : 1). Therefore, frequency 
in male was higher than in female that is in accordance with 
previous studies which also reported the frequency in male is 
high (male : female = 1.4 : 1) (Gibson and Hsi, 2009; Hoeller 
et al., 2010; Beltran et al., 2011; Hofscheier et al., 2011). 

When DNA was extracted from the 91 tissue samples 
and subjected to PCR for EBER and EBV DNA polymerase, 
the positive rate was 35.5% and 28.5% respectively (data 
not shown). The high positive rates in the PCR results with 
DNA samples are presumably due to the latent infection of 
EBV. The three cases positive for ISH were concordantly 
positive for EBER RT-PCR, EBER PCR and EBV DNA 
polymerase PCR. There were 2 cases that were negative 
for ISH but positive for EBER RT-PCR, EBER PCR and 
EBV DNA polymerase PCR and one of the patient was 
died 2 month post-therapy at the age of 81 and another 43 
year-old patient was impossible to track the prognosis. 

In this study, we extracted RNA from FFPE tissue samples 
of DLBCL patients and detected expression of EBER of 
EBV by using RT-PCR method. Here we found that RT-
PCR method with the primer we used could more sensitively 
detect EBV than ISH method which is a gold standard 
method for EBV detection. In DLBCL patients, it is impor- 
tant to detect whether EBV is infected or not to predict the 
response to treatment or prognosis. If RT-PCR method is 
used, EBV can be more sensitively detected than ISH method. 
Furthermore, RT-PCR method will detect EBV even faster 
by using specimens before formalin fixation. However, 
RT-PCR method cannot provide the information about the 
cellular location of the EBV-positive cells in contrast to the 
ISH method. Therefore, the use of RT-PCR along with ISH 
method will be helpful in the detection of EBV infection. 
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