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Diffuse large B-cell lymphoma (DLBCL), the most common group of malignant lymphomas, account for 30% of adult non-

Hodgkin lymphomas. The 2008 World Health Organization (WHO) classification included a new entity, Epstein-Barr virus

(EBV)1 DLBCL of the elderly, affecting patients aged 50 years or older. However, some reports of younger EBV1 DLBCL cases,

without evidence of underlying immunosuppression, can be found. The role of EBV in tumor microenvironment composition in

DLBCL is still not well understood. Our aim was to assess EBV presence and latency pattern as well as tumor T-cell population

in an adult DLBCL series of Argentina. The study was conducted on biopsies from 75 DLBCL patients. EBERs expression was

performed by in situ hybridization, while EBV gene expression was analyzed using real-time polymerase chain reaction. LMP1,

LMP2A, EBNA2, EBNA3A, CD4, CD8 and Foxp3 expression was assessed by immunohistochemistry. Nine percent of cases

showed EBV expression, with similar frequency among patients younger than 50 years and 50 years or older (13% and 8%,

respectively). T-cell subsets were not altered by EBV presence. Latency type II was the most frequently observed, together

with lytic gene expression in EBV1 DLBCL, with �20% of EBERs1 cells. These findings suggest that EBV1 DLBCL in our series

was similar to the previously described in Asia and Latin-America, displaying latency II or III expression profile and no age-

specific characteristics. Finally, EBV1 DLBCL may be an entity that is not only restricted to patients who are older than

50 years of age, in consequence the age cutoff revision may be a current goal.

Introduction
Epstein-Barr virus (EBV) is a human gamma-herpes virus
that infects more than 90% of the adult population. The virus
is able to infect and immortalize B lymphocytes both in vitro
and in vivo. Even though its infection is mostly harmless,
EBV is associated with a number of malignancies, such as
Burkitt lymphoma (BL), classical Hodgkin lymphoma and
diffuse large B-cell lymphoma (DLBCL).1,2

DLBCLs, the most common group of malignant lympho-
mas, account for 30% of adult non-Hodgkin lymphomas
(NHLs). EBV1 DLBCL of the elderly, also known as age-
related EBV1 B-cell lymphoproliferative disorder or senile
EBV-associated B-cell lymphoproliferative disorder, was ini-
tially described by a Japanese group.3 Later, it was included as
a provisional entity in the 2008 World Health Organization
(WHO) classification of tumors of hematopoietic and lymph-
oid tissues and is defined as a clonal EBV carrying B-cell prolif-
eration arising in immunocompetent patients older than 50
years.4 However, some reports of younger cases,5,6 which
included few patients who had no evidence of underlying
immunosuppression and a diagnosis of EBV1 DLBCL, were
described. The identification of these younger cases raise an
interrogation if EBV1 DLBCL may be an entity that is not
only restricted to patients who are older than 50 years of age.

The prognosis of EBV1 DLBCL of the elderly is worse
than the age-matched DLBCL without EBV infection. The
incidence of EBV among DLBCL from Asian or Latin
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American patients ranges from 8% to 15%.5,7,8 However, in
western countries, this incidence is less than 5%.9,10 These
preliminary data suggested that, as seen in other EBV-
associated disorders, there might be a geographical variation
and/or ethnical predisposition for the development of EBV1

elderly DLBCL. It is noteworthy to mention that uniform cri-
teria concerning the percentage of EBV1 cells that should be
present to consider a DLBCL as EBV1 have not been estab-
lished yet, which could imply a limitation when assessing dis-
ease prevalence. In fact, the number of EBV1 cells may
range from 10% to almost all tumor cells present in the sam-
ple. The fact that differences in cutoffs for EBV-encoded
RNAs (EBERs) positivity clearly impact on the frequency of
EBV1 DLBCL was discussed by some authors.5,11,12

Three different latency patterns have been described in
both EBV-related malignant disorders and EBV-derived cell
lines. Several of these patterns were proposed to be associated
with different degrees of immunosuppression. For example,
Latency I, the most restricted form of viral gene expression,
that characterizes BL, expresses the EBV nuclear antigen
(EBNA) 1 together with the EBERs. Latency II is an interme-
diate form in which, besides EBNA1 and EBERs, latent mem-
brane proteins (LMP) 1 and LMP2 are expressed. This
pattern of EBV gene expression is observed in HL, T/NK cell
lymphoma and primary effusion lymphoma, among others.
Finally, latency III involves the unrestricted expression of all
the six EBNAs together with LMP1 and 2. This type of
latency mainly occurs in the setting of severe immunosup-
pression; in fact, post-transplant lymphoproliferative disor-
ders (PTLDs) and AIDS-related lymphoproliferative
disorders, as well as in EBV-immortalized lymphoblastoid
cell lines in vitro, are characterized by this type of EBV
latency pattern.2,13 Few studies focused on the analysis of
EBV latency patterns in EBV1 DLBCL of the elderly, which
reported viral latencies including patterns II and III.8,10,14,15

It has been postulated that EBV1 DLBCL of the elderly
might be caused by the senescence of the immune system as
a part of the normal aging process, based largely on shared
features with PTLDs, such as EBV infection and latency pat-
tern, comparable morphology and presence of monoclonal T-
cell populations.8,16–18 Of note, immunosenescence refers to a
continuous remodeling process, where the distribution of
CD41 and CD81 T-cell populations is altered; however, the
changes in CD41 T-cell profile seem to be affected by
advancing age at a higher degree than the one of CD81

T-cell.19 The presence of persistent infections, such as EBV
or other persistent antigens, also induces a phenomenon
called immune exhaustion, which contributes to the loss of
immunosurveillance that could result eventually in an uncon-
trolled EBV-infected B-cell proliferation.20,21

It has recently been described that host immunity has a
close relationship with tumor development. The expression of
immune checkpoint molecules on T-cells represents an
important mechanism that the immune system uses to regu-
late itself. Checkpoint molecules include cytotoxic T lympho-
cyte antigen-4, programmed death-1, lymphocyte activation
gene-3, T-cell immunoglobulin and several others.22 Recent
data show that coexpression of checkpoint molecules occurs
frequently on cancer-specific T-cells, suppressing host cyto-
toxic CD81 T-cells (CTLs) and enhancing the activity of
suppressive CD41 regulatory T-cells (Tregs).23 The recent
advances in our understanding of lymphomas biology and
immunology show that infiltrated immune cells and cyto-
kines in the tumor microenvironment may play different
functions that seem tightly related with the clinical outcome.
In line with this, it has been proposed that in DLBCL they
could have an important role, both in the development of the
neoplastic cells and in therapy failure.24

On the other hand, EBV presence with a particular latent
expression pattern would possibly render a CTL response
specifically directed to viral antigens, which also appears to
influence tumor infiltrating immune cells composition, and
contributes to the impact on clinical presentation and out-
come as well. Given this fact, the precise characterization of
the microenvironment composition, especially concerning
T-cell population, is a matter of clinical importance.

This study aims to investigate the frequency of EBV1

DLBCL together with viral gene expression in an Argentinean
cohort of adults from a single center and to correlate EBV
infection and age with certain T-cell markers, hoping to pro-
vide, in one hand, a better understanding of the role of EBV
in the DLBCL pathogenesis, and on the other hand, an
assessment of whether viral presence and antigen expression
are closely related to age differences.

Material and Methods
Patients and samples

A total of 75 patients from National Academy of Medicine,
Buenos Aires, Argentina, were enrolled in this study. They

What’s new?

Epstein-Barr virus1DLBCL was defined in the 2008 WHO classification of lymphoid neoplasm as occurring in patients over 50

with no immunodeficiency. This study aimed to shed light on the role of EBV in DLBCL pathogenesis and to assess whether

viral presence and antigen expression are closely related to age differences. Similar EBV association was found between

young and elderly DLBCL patients. EBV showed differential infectious characteristics that could reveal viral involvement in

DLBCL pathogenesis. Age and EBV status did not alter T cell subsets in the tumor microenvironment. EBV1DLBCL may thus

not be restricted to patients over 50.
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had no prior lymphoma or any known underlying immuno-
suppression as well as were naive of treatment at diagnosis.

Formalin-fixed paraffin-embedded (FFPE) biopsy samples
from the archives of the Histopathological Laboratory were
collected retrospectively, on the basis of the availability of
sufficient material from 2009 to 2012.

All tumors were diagnosed and classified by two patholo-
gist (M.N. and F.M.), as DLBCL according to standard WHO
criteria.25 They were evaluated for histopathological features,
such as necrosis and increase in apoptotic cells. Cases were
then subcategorized, when possible, as germinal centre (GC)
or non-GC according to the algorithm presented by Hans
et al.26

This study has the approval of the Institutional Review
Board and the Ethics Board of National Academy of Medi-
cine and is also in accordance with the Helsinki Declaration
of 1975, as revised in 1983. A written informed consent was
obtained from all the included patients after the nature of the
procedure had been fully explained. The medical records
were reviewed with special attention to previous medical
history.

Detection of EBERs by in situ hybridization

EBERs in situ hybridization (ISH) studies were performed
using the peptide nucleic acid (PNA) in situ hybridization
detection kit (Dako, Carpinteria, CA) according to the manu-
facturer’s protocol as described previously.27 A case was
defined as EBV positive when at least 20% of positive nuclear
staining restricted to tumor cells was observed.

Immunohistochemistry

Immunohistochemistry (IHC) staining for B-cell lymphoma
differential diagnosis and tumor microenvironment immuno-
phenotyping was performed on FFPE tissue sections with a
panel of antibodies: CD3 (Cell Marque, Rocklin, CA), CD20
(Dako), CD10 (Cell Marque), bcl-2 (Dako), bcl-6 (Dako)
and MUM1 (Dako), Ki67 (Dako), CD4 (Leica, Newcastle,
UK), CD8 (Dako), Foxp3 (AbCam, Cambridge, UK) as
described previously.27 The counting of CD4, CD8 and
Foxp3 positive cells was performed as follows: Numbers of
total or immunopositive cells per high-power field were
counted by two observers using ImageJ “cell counter” tool in
10 fields selected on the basis of the best-preserved tissue
areas. The expression of the results was defined as number
of immunopositive cells divided by the total number of
counted cells. Cells partly included in the fields were not
counted.

IHC was used to localize LMP1 and LMP2A viral antigen
expression in tumor cells on EBERs1 tissue samples as
described previously,27 using monoclonal antibodies CS1-4
(Dako) and clone 15F9 (AbCam, Cambridge, UK) respec-
tively. EBNA2 (clones 1E6 and R3, kindly provided by Dr.
Kremmer, Forschungszentrum fur Umwelt und Gesundheit
GmbH, Institut fur Immulogie, Munchen, Germany) and

EBNA3A (AbCam) were also used to establish the latency
type of EBV infection.

RNA extraction and real-time relative quantification PCR

for EBV gene expression

Approximately 2 3 10 lm sections from each of the 75 FFPE
biopsy samples were used for nucleic acid extraction and puri-
fication. Total RNA was purified using the RecoverAll Total
Nucleic Acid Isolation Kit (Ambion, TX) and cDNA synthesis
was performed using Superscript II RT kit (Invitrogen, CA)
according to the manufacturer’s instructions. To remove con-
taminated DNA in total RNA, a DNAse step was included for
all RNA samples. RNA from cell lines used as calibrators was
extracted by QIAamp DNA blood mini-kit (QIAGEN GmbH,
Hilden, Germany) as manufacturer’s instructions. For qualita-
tive polymerase chain reaction (qPCR) assays of EBV gene
transcription analysis, 2 lg of total RNA was reverse tran-
scribed. The design and validation of specific primers for latent
genes (EBNA1, EBNA2, EBNA3C, LMP1 and LMP2A), the
immediate-early lytic gene BZLF1 and the endogenous HPRT
gene were carried out as described.27 qPCR was performed in a
reaction volume of 25 ll with the SYBR Green PCR Master
Mix Kit (Applied Biosystems, Foster City, CA) with 5 ll
diluted cDNA and the Universal thermal cycle, using a Ste-
pOne real-time detection system (Applied Biosystems). The
normalized transcription values were calculated by the Pfaffl
method.28 The mean value of the Ct of an equivalent quantity
of RNA input from Raji (EBV type I virus with a deletion in
EBNA3C) or P3HR1 (EBV type II virus with a deletion in
EBNA2) cell lines was used as calibrators when appropriate.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 5 and
InStat 3 software (GraphPad Software Inc., San Diego, CA).
We compared demographics and histological characteristics
between EBV1 and EBV2 tumors. Categorical variables were
analyzed using Fisher’s exact test. Mann–Whitney test was
used to compare the means between age groups or T-cell popu-
lation markers in relation with EBV presence. Correlations
between data were determined using Spearman’s rank correla-
tion index. All tests were two-tailed, and a p< 0.05 was consid-
ered statistically significant.

Results
Patient characteristics and histological features

Seventy-five DLBCL cases were included in this analysis.
Median age at diagnosis was 63 years (range, 18–84 years).
There was no gender predominance, with 37 males and 38
females (ratio 1:1 approximately).

The diagnosis was achieved in nodal location in 46 cases
(61%), while extranodal onset was found in 29 patients
(39%). Geographic necrosis was a prominent feature in 22
cases (29%). The proliferation rate was high, with
Ki-67-positive cells representing more than 70% in most
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cases (64%), reflecting the aggressiveness of this lymphoma.
On the basis of Hans IHC classification, 53 cases with
enough biopsy material available were classified as GC sub-
type (n 5 27, 51%) and non-GC subtype (n 5 26, 49%).

EBV analysis

In this study, patients with DLBCL were screened for the
presence of EBV in the malignant cells by means of EBERs
ISH. EBV was detected in 7 of 75 (9.3%) DLBCL cases (Fig.
1a), showing EBERs nuclear positive staining in �20% of the
malignant cells. The median of the EBERs1 cells percentage
was 80% in the studied group (range 20–90%). Interestingly,
8 of 75 (10.7%) cases showed EBERs expression restricted to
5–10% of tumor cells. However, given that EBV infection in
those eight cases displayed certain particular characteristics,
as mentioned following, we considered a 20% of EBERs posi-
tive tumor cells as cutoff to define EBV positivity.

EBV positivity was more frequently observed in male sex
cases (14% vs. 5%), nodal involvement (13% vs. 3%) and
non-GC subtype (15% vs. 7%); however, these differences did
not reach statistical significance (p> 0.05, Fisher’s exact test).
EBERs expression related to demographic and histological
characteristics is summarized in Table 1.

As EBV1 DLBCL of the elderly occurs in patients older
than 50 years, our cohort of patients was sorted in two age

groups: younger than 50 years (n 5 23) and older than 50
years (n 5 52). Unexpectedly, the frequency of EBV1 cases
was slightly higher among patients younger than 50 years (3
of 23, 13%) than in patients aged 50 years and older (4 of
52, 8%), but this difference was not statistically significant
(p> 0.05, Fisher’s exact test). Furthermore, the median age of
EBV1 cases was 35 years and 75 years for patients younger
than 50 years and patients aged 50 years and older, respec-
tively; while it was 35 years and 70 years for EBV2 cases
from both groups (p> 0.05, Mann–Whitney test).

In those biopsies displaying EBERs1 tumor cells, namely,
cases (pt.) 1–15, IHC for the detection of LMP1, LMP2A,
EBNA2 and EBNA3A viral proteins was performed to dis-
criminate latencies II and III patterns. LMP1 and LMP2A
expressions localized at the cytoplasm and surface membrane
of neoplastic cells were detected in 7 of 15 (47%) and 3 of
15 (20%) EBV1 samples, respectively (Figs. 1c and 1d). All
LMP2A1 cases were LMP11 as well. EBNA2 staining in the
nucleus of tumor cells was observed in 2 of 13 (15%) sam-
ples (Fig. 1b), whereas EBNA3A was absent in all samples
studied. Concerning only cases considered as EBV1, the
expression of LMP1 was found in 7 of 7 (100%), LMP2A in
3 of 7 (43%) and EBNA2 in 2 of 6 (33%), as showed in
Table 2.

To deeply characterize EBV latency patterns in those
EBERs1 cases, we assessed viral gene expression by means of
qPCR. Concerning EBV transcripts expression, we observed
variable levels of the different genes among cases. EBNA1
was detected in nearly all samples, whereas EBNA2 and
BZLF1 were expressed in 11 cases, EBNA3C in 10 cases,

Figure 1. Representative expression of EBV-encoded small nuclear

early region (EBERs), latent membrane protein 1 (LMP1), 22A

(LMP2A) and EBV nuclear antigen 2 (EBNA2) in a DLBCL case (pt.

1). (a) Nuclear localization of the EBERs in neoplastic cells by ISH.

(b) Nuclear localization of the EBNA2 in neoplastic cells by IHC. (c

and d) Membranous and cytoplasmic localization of LMP1 and

LMP2A in neoplastic cells by IHC. Original magnification: 3200 (a)

and 3400 (b–d). [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]

Table 1. Demographic and histological characteristics of adult DLBCL
series related to EBV status (positive vs. negative)

Patients’ characteristics
EBV status1

P2

Positive (%) Negative (%)

Age (years)

Younger than 50 3 of 23 (13) 20 of 23 (87) 0.6687

50 years and older 4 of 52 (8) 48 of 52 (92)

Gender

Male 5 of 37 (14) 32 of 37 (86) 0.2553

Female 2 of 38 (5) 36 of 38 (95)

Primary site

Nodal 6 of 46 (13) 40 of 46 (87) 0.0502

Extranodal 1 of 29 (3) 28 of 29 (97)

Histological subtype

Non-GC 4 of 26 (15) 22 of 26 (85)

GC 2 of 27 (7) 25 of 27 (93) 0.4203

ND 1 of 22 (5) 21 of 22 (95)

1EBV status determined by EBERs ISH (�20% EBERs1 cells as a cutoff
value).
2p as determined by Fisher’s exact test.
Abbreviations: GC: germinal-centre; ND: not determined (insufficient
material).
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LMP1 was in 9 cases and LMP2A in 8 cases. In several
cases, the levels of transcripts detected were very low, so
we did not consider them for analysis and for latency pat-
tern definition. Relative expression levels of EBV tran-
scripts are shown in Figure 2. In the �20% EBERs1
cases, qPCR analysis revealed all latency transcripts
expression with a lytic gene (pt. 1–7), including pt. 2 and
7, where LMP2A expression was not found. In the <20%
EBERs1 cases, several scenarios were disclosed. High lev-
els of all latent transcripts together with BZLF1 were
observed in pt. 8. The remaining cases (pt. 9–15) exhibited
variable transcripts presence, but all with modest levels of
expression (Fig. 2).

A direct correlation among all EBV transcripts quantified
and the median percentage of EBERs1 cells was observed
(EBNA1 r 5

0.86, EBNA2 r 5 0.82, EBNA3C r 5 0.75, LMP1 r 5 0.74,
BZLF1 r 5 0.75; p< 0.001, LMP2A r 5 0.59; p< 0.05). There
was also a direct correlation between all the EBV latent and
BZLF1 genes analyzed (r> 0.8; p< 0.001), except for LMP2A,
which correlate only with EBNA1 and LMP1 (r 5 0.70 and
r 5 0.53; p< 0.05).

Although several works used only qPCR results to ana-
lyze latency pattern, here we decided to define it based on
IHC results of various latency proteins. Several distinct pat-
terns of expression were identified and summarized in
Table 2. Four cases (pt. 2, 4–6) revealed latency II, some-
times without LMP2A expression (pt. 2, 6 and 7). Two
cases (pt. 1 and 7) displayed latency III pattern based on
EBNA2 immunopositivity. One case (pt. 3) was classified as
latency II/III as a result of LMP1 protein detection only,
due to lack of enough material to perform EBNA2 and
23A IHC. As regard to age groups, we could not find any
significant association with a particular latency program.
Finally, those cases (pt. 8–15) with so few EBERs1 cells
were not considered for latency pattern definition. However,
their viral characteristics and clinical outcome are described
in Supporting Information Table S1.

Tumor microenvironment analysis

Since immunosenescence has been postulated to be impli-
cated in the mechanism behind this entity, we investigated
whether there was a difference between both age groups
(younger than 50 years and 50 years and older) with refer-
ence to tumor microenvironment composition. We found
no significant differences in the tumor microenvironment
composition when assessing CD4, CD8 and Foxp3 T-cell
markers (Fig. 3a–3c) between younger and older cases
(Supporting Information Fig. S1a). The total cell numbers
counted for each group was comparable (Supporting
Information Fig. S1b). Regression analysis did not indicate
a correlation between the proportions of T-cells and age
(p> 0.05, Spearman’s rank correlation index).

Based on the above mentioned results, we analyzed
DLBCL cases altogether and found that percentages ofTa
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different T-cell markers varied considerably between individual
DLBCL cases (CD4: range 0–29%, median 5.9%; CD8: range
0–51%, median 4.5%; Foxp3: range 0–23%, median 2.6%).
Numbers of CD41 and CD81 T-cells were higher than
Foxp31 T-cells (p< 0.05, Mann–Whitney test). A direct cor-
relation was observed between the percentages of CD41 and
Foxp31 cells (r 5 0.5, p< 0.001) and, to a lesser extent,
between CD81 and Foxp31 cells (r 5 0.3, p< 0.05
Spearman).

Given that EBV may be able to modulate the tumor
microenvironment composition and local EBV-specific
immunity, the impact of EBV status on T-cell population
was investigated. Table 3 lists mean rank percentages of CD4,
CD8 and Foxp3 T-cell markers in EBV1 vs. EBV2 cases.
No significant difference was found among each cellular

marker investigated concerning EBV status (p> 0.05, Mann–
Whitney test).

Discussion
The pathogenic role of the EBV in NHL is still under dis-
cussion; however, it is well known that EBV is able to drive
cellular proliferation as a potential carcinogen.29 Recently,
EBV1 DLBCL was defined in the 2008 WHO classification
of lymphoid neoplasm as an EBV1 clonal B-cell lympho-
proliferation that occurs in patients older than 50 years
without any immunodeficiency or prior lymphoma.30 With
the aim of disclosing EBV involvement on DLBCL lympho-
magenesis, this work addressed the prevalence of EBV infec-
tion in a series of adult DLBCL from a single center of
Argentina.

Figure 2. qPCR was performed to determinate the mRNA relative expression levels of (a) EBNA1, (b) EBNA2, (c) EBNA3C, (d) LMP1,

(e) LMP2A and (f) BZLF1. HPRT was used as a reference gene. The bars represent expression levels in EBERs1 DLBCL samples (pt. 1–15),

normalized to mRNA expression in EBV1 reference cell line as calibrator. Light-grey bars indicate patients younger than 50 years, black

bars indicate patients aged 50 years and older and dark-grey bars indicate patients aged 50 years and older with <20% EBERs1 cells.
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In this study, we analyzed a series of 75 adult DLBCL
cases for the presence of EBV infection by ISH. Per defini-
tion, EBERs in DLBCL should be present in the neoplastic
cells, although the expression of them can range from 10% to
almost all of the tumor cells in the sample.31 Current litera-
ture does not establish a definitive cutoff as was reviewed by
Wada et al.11 Hofscheier and coworkers. mentioned EBV
positivity in <20% of the large cells in 5% of DLBCL cases
in the Mexican population and suggested that in rare cases,
secondary EBV infection of an established B-cell clone could
be the explanation.14,32 Hoeller et al. also reported that two
of their EBV1 DLBCL cases showed <20% positive cells.10

In addition, EBV gene expression exhibited particular charac-
teristics, given that previous studies suggested that EBV1

DLBCL in elderly patients generally have viral latency type II
or III pattern.8,10,14,15 We observed differences in the viral
gene levels and protein expression, in cases with more than
20% of positive cells and those with less than 20% of positive
cells. This fact leads us to define EBV patterns in the former
group, whereas, due to the small amount of EBERs1 cells,

the EBV latency could not be defined in the latter, even
though morphological and immunophenotypic properties
were similar in both groups. As observed in Table 2, patients
with �20% of positive cells displayed most frequently the
latency program II together with BZLF1 lytic gene expres-
sion, in agreement with previous works. Particularly, EBNA2
expression was higher (33%) than observed in Japan and
Mexico.8,10 Based on the above mentioned reports and differ-
ential viral expression, we decided to apply �20% of positive
cells as cutoff to define an EBV1 DLBCL case. EBV positiv-
ity (median 80% of positive cells) was observed in seven
cases, representing an overall prevalence of 9.3%, while eight
cases (11%) of DLBCL showed EBV positivity in 5–10% of
the large cells. Furthermore, the LMP1 expression observed
in EBV1 DLBCL cases, together with an immediate early
gene expression, could reveal an active role of EBV in lym-
phoma development. Remarkably, BZLF1 lytic gene expres-
sion is suggestive of an abortive lytic cycle linked to tumor
progression, as proposed by Strong et al, who recently
reported high immediate early lytic expression in DLBCL
cases without other lytic genes.33

A strong correlation among all EBNAs quantified was
observed, which is predictable, as in latency III, these EBNA
mRNAs are generated by alternative splicing of long primary
transcripts initiated either from the tandemly repeated Wp pro-
moter or the upstream Cp promoter.34 Alternatively, in B cells
displaying latency III type infection, LMP1 and LMP2A/B
expressions are dependent on expression of EBNA2.35 In our
series, the expression of LMP1 significantly correlated with
the other genes analyzed, while LMP2A correlation was only
observed with EBNA1 and LMP1, in agreement with the low
levels detected for this particular target. On the other hand,
BZLF1, a immediate-early lytic gene, correlated with latency
genes expression. Our observation suggested that EBV1

DLBCL cases are expressing a mixture of latency II or III
and a lytic EBV gene. A striking finding was the marked

Figure 3. Representative IHC of (a) CD4, (b) CD8 and (c) Foxp3 shows positive staining of T-cells within tumor microenvironment in a EBV1

DLBCL case (patient 3). Original magnification: 3200. An enlarged view is shown in the inset (31,000). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]

Table 3. EBV expression status (positive vs. negative) related to the
expression of several T-cell markers in tumor microenvironment

T-cell marker EBV status1 Mean rank2 p3

CD4 Positive 11.1 0.363

Negative 7.6

CD8 Positive 10.3 0.495

Negative 6.9

Foxp3 Positive 5.2 0.582

Negative 4.8

1EBV status determined by EBERs ISH (�20% EBERs1 cells as a cutoff
value).
2The number represents the mean of the no. 1 cells/no. total cells
3100.
3p as determined by Mann–Whitney test.
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correlation among all EBV transcripts (latent and lytic) quan-
tified and median percentage of EBERs1 cells. Recently, it
was described by means of large-scale functional genomics
analysis of EBV that viral lytic genes are coexpressed with
cellular cancer-associated pathways, suggesting that the lytic
cycle may play an unexpected role in virus-mediated
oncogenesis.36

Based on WHO classification scheme and for comparison
purposes, we divided the series into two groups, younger than
and older than 50 years. We managed to recruit 23 young cases
and 52 elderly cases in the period studied which revealed that
the prevalence of EBV1 DLBCL in both groups was similar
(13% vs. 8%, respectively). Nearly 4,800 lymphoma cases are
diagnosed every year in Argentina and 50% of them are NHLs.
About 90% of NHLs occur after 35 years of age.37 Despite this
data, there is no detailed registry of DLBCL incidence in our
country. It is reported that half of patients with DLBCL are
more than 65 years old and the probability of having a DLBCL
grows with age, which could explain the difference in sample
size between young and elderly groups from this single center.
The prevalence of EBV1 DLBCL of the elderly in Argentinian
patients (8%) was comparable with the data published in
Latin-American and Asian literature (8–15%), and what is
more, the median age at presentation in older patients (75
years) was similar to the one described for Japanese and Peru-
vian series (71 and 70 years, respectively).8,38 These observa-
tions are not unexpected, since other EBV-associated
neoplasms such as nasopharyngeal carcinoma and NK/T-cell
nasal lymphomas have been shown to be more prevalent in
Asian and Latin American populations.39,40

Beltran et al. recently described a group of patients with
EBV1 DLBCL, who displayed the histological and immuno-
phenotypical characteristics described for this entity, but the
50 years cutoff criteria was not fulfilled.6 Moreover, Oyama
et al. excluded seven patients younger than 40 years of age (7%
of their EBV1 DLBCL patients),8 whereas a report from Korea
by Park et al. included patients with EBV1 DLBCL as young
as 20 years.5 In addition, Hoeller et al. excluded two European
patients who were younger than 50 years, representing 20% of
all their EBV1 DLBCL cases.10 Therefore, it was not surprising
that EBV in our DLBCL cases was also associated with a pro-
portion of cases that were under 50 years old (13%), even
though it was noteworthy that the difference between both
groups was not significant (p> 0.05). Furthermore, we
observed that latency III was not restricted only to patients
older than 50 years, in which a less restrictive latency might be
expected under an unfavorable immunological status triggered
by aging process. This remarkable finding suggests that the
entity “EBV1 DLBCL of the elderly” can occur in young
immunocompetent patients and might not be an age related-
EBV association. In fact, our group had previously found in an
Argentinean cohort an association between EBV and pediatric
DLBCL showing similar or even higher frequencies than the
adult counterpart,27 in agreement with few more studies in
pediatric NHL from developing countries.41–43 Although the

number of patients is low for a comparison, the similarities
between both groups strongly suggest that the age cutoff estab-
lished should be revised.

Concerning other demographical aspects, several EBV
associated malignancies displays a clear male prevalence.44

However, despite an apparent male predominance in our
series, there were no statistically significant differences with
regard to gender and EBV association. In line with this, we
had previously showed that in pediatric EBV1 DLBCL there
was not gender predominance either.27

In contrast to the first publications,3,45 most recent reported
series—including ours—have found a predominant nodal pre-
sentation.9,10,14,46 Morphologically, the distinction between the
polymorphic and the monomorphic subtype is no longer
regarded as clinically relevant.8 Although several pathological
characteristics have been described in EBV1 LDBCL of the
elderly, we also corroborated that there is no morphologic or
immunohistochemical pattern that is specific of this entity.15,31

The intratumoral immunological alterations induced by
EBV1 have been extensively demonstrated in HL, in which
viral presence was involved in the attraction of many of the
microenvironmental cells into the lymphoma background.
This scenario in DLBCL remains unclear. Moreover, in recent
years, it has been proposed that defective immune surveil-
lance for EBV may develop late in life and be associated with
the development of EBV positive B-cell lymphoproliferative
disorder.47 This defective immune surveillance for EBV is
associated with immunological deterioration as a result of
aging process,3,48–50 and explains the correlation between an
increased incidence of this lymphoma type together with the
increased age of the patients found in the Eastern series. Sur-
prisingly, we did not observe major differences linked with
age of the relative numbers of any T-cell population analyzed
(Supporting Information Fig. S1a). This fact, together with
EBV association with both age groups, might confirm previ-
ous statements that the definitional cutoff of 50 years pro-
posed by the WHO could be arbitrary,4,48 since cases below
the age of 50 years can be found and suggest that, at least for
T-cell populations analyzed, immunosenescence could be
ruled out. Concerning EBV status, no significant difference
was found among each cellular marker investigated, as we
previously found in pediatric EBV1 DLBCL cases.27

To the best of our knowledge, this is the first report evaluating
the prevalence of EBV in DLBCL adult cases in Argentina. In
this study, no significant difference was found between EBV–
and EBV1 DLBCL cases and viral latency profile with regard to
age at presentation. In addition, lack of differences in T-cell pop-
ulation analyzed in DLBCL microenvironment in both age
groups reinforces the idea that the age criterion and possibly the
designation of this disease might be revised and perhaps refor-
mulated in the next version of the WHO classification.
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