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Abstract

Aging immune deterioration and Epstein—Barr (EBV) intrinsic mechanisms play an essential role in EBV-positive diffuse
large B-cell lymphoma (DLBCL) of the elderly (EBV + DLBCLe) pathogenesis, through the expression of viral proteins,
interaction with host molecules and epigenetic regulation, such as miR-155, required for induction of M1 phenotype of
macrophages. This study aims to evaluate the relationship between macrophage polarization pattern in the tumor micro-
environment and relative expression of miR-155 in EBV + DLBCLe and EBV-negative DLBCL patients. We studied 28
EBV +DLBCLe and 65 EBV-negative DLBCL patients. Tumor-associated macrophages (TAM) were evaluated by expres-
sion of CD68, CD163 and CD163/CD68 ratio (degree of M2 polarization), using tissue microarray. RNA was extracted
from paraffin-embedded tumor samples for miR-155 relative expression study. We found a significantly higher CD163/
CD68 ratio in EBV + DLBCLe compared to EBV-negative DLBCL. In EBV-negative DLBCL, CD163/CD68 ratio was
higher among advanced-staged/high-tumor burden disease and overexpression of miR-155 was associated with decreased
polarization to the M2 phenotype of macrophages. The opposite was observed in EBV + DLBCLe patients: we found a
positive association between miR-155 relative expression and CD163/CD68 ratio, which was not significant after outlier
exclusion. We believe that the higher CD163/CD68 ratio in this group is probably due to the presence of the EBV since
it directly affects macrophage polarization towards M2 phenotype through cytokine secretion in the tumor microenviron-
ment. Therapeutic strategies modulating miR-155 expression or preventing immuno-regulatory and pro-tumor macrophage
polarization could be adjuvants in EBV + DLBCLe therapy since this entity has a rich infiltration of M2 macrophages in its
tumor microenvironment.
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EBV Epstein-Barr virus

FFPE Formalin-fixed paraffin embedded

IPI International Prognostic Index

miRNA  microRNA

gPCR Quantitative real-time polymerase chain
reaction

R-CHOP Rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone

TAM Tumor-associated macrophages

TMA Tissue microarray

Introduction

The World Health Organization (WHO) classification of
hematological malignancies included, in the 4th edition,
a provisional entity described as EBV (Epstein—Barr)-
positive diffuse large B-cell lymphoma of the elderly
(EBV + DLBCLe) [1]. Mechanisms such as the imbalance
between the effector B- and T-cell responses, in addition to
depletion of naive T-cell diversity inherent to aging immune
deterioration, were proposed as the likely cause of this neo-
plasm [2, 3]. Epstein—Barr virus intrinsic mechanisms may
also play an essential role in this entity pathogenesis by
expression of specific sets of viral proteins, interaction with
host molecules and epigenetic gene regulation, including
microRNA-mediated mechanisms [4].

The WHO classification described two histological pat-
terns of EBV + DLBCLe; the large B-cell lymphoma (mono-
morphic) and polymorphic variants [5]. The latter was sub-
classified into three subtypes: canonical large B cell, DLBCL
with polymorphic lymphoproliferative disease features, and
DLBCL with Hodgkin’s lymphoma features; depending on
the presence of Hodgkin/Reed—Sternberg (HRS)-like cells
and the population of transformed B lymphocytes [6, 7].
Besides, these subtypes present a rich inflammatory infiltrate
among neoplastic cells composed mainly of plasma cells,
lymphocytes, centroblasts, immunoblasts, and epithelioid
and non-epithelioid histiocytes [5—7]. The monomorphic
variant of EBV + DLBCLe, in turn, is composed of a homo-
geneous population of transformed B cells [5-7].

Within its spectrum of presentations, the polymorphic
variant of EBV + DLBCLe is distinguished by a tumor
microenvironment rich in inflammatory cells when com-
pared to the monomorphic variant. Our hypothesis is that
this morphology reflects a set of changes in gene expression
and functional profile of transformed cells and tumor micro-
environment, raised by interactions of viral proteins with
host molecules and, particularly, epigenetic gene regulation
mechanisms mediated by microRNAs.

A microRNA signature profile for EBV + DLBCLe was
proposed by our group [8] in a multicenter study compar-
ing the differential expression of microRNAs in patients
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diagnosed with this entity to those with EBV-negative
DLBCL. Among the differentially expressed microRNAs,
miR-155 is particularly important due to its ability to inter-
fere with functionality and differentiation pattern of tumor
microenvironment-associated cells [9]. Therefore, we would
like to complement previous study focusing on miR-155.
MiR-155 is required for induction of M1 macrophages,
recruiting inflammatory cells and antitumor response at the
beginning of carcinogenesis [9]. Recent reports suggest that
miR-155 depletion in myeloid lineage cells such as mac-
rophages and dendritic cells is associated with an increased
tumor growth, probably due to a protumoral effect [9].

The tumor environment plays an important role in the
biology of DLBCL. The tumor tissues are infiltrated by vari-
able immune cells, including CD4 or CD8 T cells, regula-
tory T cells, natural killers, macrophages, dendritic cells and
myeloid cells [10]. Inside the tumor, myeloid cells show a
varied range of phenotypes; M1 macrophages have an anti-
gen-presenting function, mounting an antitumor response
against neoplastic cells. On the other hand, tumor-associated
macrophages (TAM) (M2 macrophages) have a predomi-
nantly immunosuppressive role, remodel the extracellular
matrix and, therefore, favor cancer growth and progression
by supporting neoangiogenesis, tissue invasion and metas-
tasis [11, 12]. The influence of macrophage polarization in
tumor development is a consensus in the literature; how-
ever, individualizing M1 and M2 phenotypes is still dif-
ficult with available markers [13, 14]: CD68 is frequently
used to estimate the total population of macrophages in the
tumor microenvironment; TAM (M2 phenotype) are usually
assessed from CD163 antigen detection [15, 16]. Patients
with DLBCL have distinct clinical outcomes based on
microenvironment components [17] and low CD68/CD163
is associated with unfavorable clinical prognosis [18-21].
However, there is no information regarding EBV + DLBCLe
patients.

In this study, we evaluated the relationship between mac-
rophage polarization pattern in the tumor microenvironment
and relative expression of miR-155, Ann Arbor staging,
International Prognostic Index (IPI) and histopathological
characterization proposed by Nakamura [5] and Montes-
Moreno [6] in EBV + DLBCLe patients comparing them
with features of EBV-negative diffuse large B-cell lym-
phoma (DLBCL).

Materials and methods
Patients
DLBCL patients aged 50 years or older, with no history

of congenital/acquired immunodeficiency (all patients
were HIV negative) or any previous lymphoproliferative
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disease treated at Hospital Sao Paulo between 2000 and
2010, were enrolled in this study, excluding patients of
primary central nervous system lymphoma. Formalin-
fixed paraffin-embedded (FFPE) tumor tissue from
these patients was obtained. 69 patients were considered
DLBCL not otherwise specified (NOS) and 2 were T-cell/
histiocyte-rich large B-cell lymphoma [8]. Among them,
six (8.5%) patients were considered EBV + DLBCLe
(see “In situ hybridization” method). The remaining 65
DLBCL were considered “controls” for this study (EBV-
negative DLBCL). Clinical information such as sex,
age, Ann Arbor staging, IPI, and histological classifica-
tion of Montes-Moreno were obtained from databanks
and patients’ medical records. To increase the number
of EBV +DLBCLe cases, six EBV + patients from Hos-
pital Sao Paulo were supplemented with 22 additional
EBYV + cases from the other centers at Sao Paulo state,
which provided samples already tested for EBER-1
positivity and that fulfilled the criteria described above.
Therefore, we compared a total of 93 patients, comprising
28 cases of EBV + DLBCLe and 65 cases of EBV-nega-
tive DLBCL (Supplementary Fig. 1). Groups are compa-
rable regarding median age, gender, Ann Arbor staging
(early-stage I/II versus advanced-stage III/IV disease)
and IPI according to Andrade et al [8]. IPI [22] is a tool
capable of stratifying the risk of patients with DLBCL
and is based on the presence or not of five risk factors:
age > 60 years, high DHL, performance status >2, Ann
Arbor staging > 3 and the presence of disease in two or
more extra-nodal sites.

Tissue microarray (TMA)

During the Andrade et al. [8] study, formalin-fixed par-
affin-embedded tissue (FFPET) (lymph node biopsy or
tumor mass) was used to construct a TMA with Beecher
Instruments equipment (Estigen, Tartu, Estonia). Each
case of the study was evaluated by an experienced patholo-
gist (Antonio C. Alves) using a hematoxylin—eosin-stained
slide for histological confirmation and demarcation of
the area to be drilled for the construction of the TMA.
All slides had more than 70% of tumor area; that is, they
were representative of tumor and did not showed signifi-
cant tissue necrosis. Precise cuts in a cylinder shape, with
a diameter of 1 mm, were obtained from each case and
were inserted into the receptor block, in duplicates. The
TMA block was cut at different levels, comprising initial,
intermediate and final portions of the samples to obtain
slides to be evaluated by immunohistochemistry (i.e., six
samples of each case). The morphological classification
of the EBV + DLBCLe group was performed according to
the Montes-Moreno criteria [6].

In situ hybridization

Epstein—Barr virus detection was performed by in situ
hybridization (EBV-encoded RNA probe, ZytoVision,
Bremerhaven, Germany) using the Dako hybridizer
(Carpinteria, CA, USA) during the Andrade et al. [8] study.
We classified patients with at least 50% cell positivity as
EBV +DLBCLe.

RNA extraction

RNA extraction was performed using the Recover All Total
Nucleic Acid Isolation kit for FFPE (Applied Biosystems,
Foster City, CA, USA) following the manufacturer’s instruc-
tions. Samples containing the isolated RNA were stored at
— 80 °C. Quantification and qualitative analyses of total
RNA were performed during this study using DeNovix
DS-11 spectrophotometer (Denovix, Wilmington, Delaware,
USA).

cDNA synthesis

RNA isolated from tumor samples was thawed and diluted
for cDNA preparation following TagMan Small RNA Assay
protocol (Applied Biosystems, Foster City, CA, USA) for
miR-155 TagMan® MicroRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA) and for the manufac-
turer-suggested endogenous control RNU6B.

Real-time PCR (qPCR)

gPCR was performed using 7500 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA). Amplifica-
tions were performed using TagqMan® Universal PCR Master
Mix (Applied Biosystems, Foster City, CA) in triplicates.
The relative expression of miR-155 was normalized to the
endogenous control RNU6B (Applied Biosystems, Foster
City, CA). Relative expression was calculated through the
27 ACT equation [23]. miR-155 was considered differentially
expressed using the 1.5 cutoff [8, 23, 24]. We could not use a
normal tissue to perform this comparison since our palatine
tonsil samples, which are reactive lymphoid tissue used for
this purpose, were mostly EBV positive.

Immunohistochemistry

We evaluated the expression of CD68 (universal macrophage
marker) (clone KP1, Dako, Carpinteria, USA), CD163
(TAM M2 marker) (clone 10D6, Novocastra, Newcastle,
UK) and CD163/CD68 ratio (to estimate the proportion of
macrophages polarized to M2 phenotype) to assess mac-
rophage polarization pattern in tumor microenvironment.
The slides were scanned using Scan Scope® Aperio CS2
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(Aperio Technologies, Vista, CA, USA) (Supplementary
Fig. 2). Positivity was estimated from the following formula:

Positivity (%) = Staining area(mmz) / Total tissue area (mmz).

Parameters were obtained from the image analysis soft-
ware—ImageJ® v1.51n (NIH, USA)—by two independent
observers (Wagner A. Poles and Erika E. Nishi). Determi-
nation of the staining detection threshold was guided by
an experienced pathologist (Antonio C. Alves) to diminish
background interference in staining area. Tissues with total
area less than 0.5 mm? were excluded from the analysis.
We also took into consideration quality of the material and
correlation between the same patient sample in two differ-
ent slides.

Statistical analysis

We used chi-square test to evaluate possible differences
between the clinical variables of EBV + DLBCLe and
EBV-negative DLBCL. Mann—Whitney test was performed
to estimate the significance of the difference between the
medians. Spearman’s correlation was used to evaluate pos-
sible correlations between variables (non-parametric). For
all statistical analysis, p value < 0.05 was considered statis-
tically significant. Statistical analysis and gene expression
graphs were created with Graphpad Prism software version
6.0.

Results
Patients

Patients’ clinical data grouped by age, gender, Ann Arbor
staging and International Prognosis Index (IPI) are shown
in Supplementary Table 1. In EBV-negative DLBCL group
(65 patients), age varied from 50 to 85 years (median age
of 67 years). 61.5% had advanced Ann Arbor stage disease
(IIT or IV) at diagnosis and 53.3% already had IPI>2. In
the EBV + DLBCL group (28 patients), the median age
was 68 years and ranged from 51 to 88 years. 61.6% were
diagnosed with advanced-disease (Ann Arbor III or IV)
and 42.9% had International Prognostic Index > 2. There
was no statistically significant difference in clinical vari-
ables between the two groups (Supplementary Table 1). In
EBV + DLBCLe group, 11 (39.3%) were classified as mono-
morphic and 17 (60.7%) were polymorphic, according to
Montes-Moreno [6] classification. Of these, two patients
were sub-classified as Hodgkin lymphoma-like type, seven
patients as canonical large B-cell-type, and eight as poly-
morphic lymphoproliferative disorder-like type, described in
our group previous publication [8]. In the EBV + DLBCLe
group, 28% of patients had germinal center B cell (GCB)
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and 72% non-GCB; in the EBV-negative DLBCL group,
52% of patients had GCB and 48% non-GCB (p=0.0472,
chi-square test) [8].

Expression of miR-155

We found increased miR-155 expression (above 1.5 cut-
off) in 78.5% of EBV-negative DLBCL and in 67.9% of
EBV +DLBCLe. There was no statistically significant dif-
ference between the relative expression of this microRNA
(miRNA) when comparing the medians of EBV-negative and
EBV +DLBCLe groups (p=0.5064, Mann—Whitney test)
(Supplementary Fig. 3).

Macrophage marker expression in EBV + DLBCLe
and EBV-negative DLBCL

In EBV + DLBCLe, CD163 marker positivity (M2 mac-
rophages) was significantly higher (median 11.51%)
than in EBV-negative DLBCL (median of 1.58%) (p <0,
0001, Mann—Whitney test). There was no statistically sig-
nificant difference in CD68 marker expression between
EBV + DLBCLe (median value of 12.71%) and EBV-
negative DLBCL (median value of 13.67%) (p=0.6611,
Mann—Whitney) (Fig. 1).

Macrophage polarization in EBV + DLBCLe
and EBV-negative DLBCL

In EBV-positive patients, CD163/CD68 ratio was sig-
nificantly higher (median value 1.24) than in EBV-neg-
ative DLBCL group (median value 0.14) (p <0.0001,
Mann—Whitney test) (Fig. 2). Thus, EBV + DLBCLe cases
showed a significant increase in M2 polarization.

Macrophage polarization and Ann Arbor staging

In EBV-negative DLBCL, there was no statistically signifi-
cant difference between the medians of stages I/II and III/
IV when we compared CD68 marker alone (Fig. 3a). In the
same group of patients, CD163 marker positivity was also
higher among stages III/IV (p <0.0001, Mann—Whitney
test) (Fig. 3b). Also, CD163/CD68 ratio was significantly
higher in advanced-stage disease (p =0.01, Mann—Whitney
test) (Fig. 3c). In EBV + DLBCLe, CD163 marker positiv-
ity was significantly higher (median value 17.88%) among
patients with advanced-disease (III/IV) than in early-stage
(I/I1) EBV + DLBCLe (median value 6.97%) (p =0.04,
Mann-Whitney test) (Fig. 3e). However, there was no sig-
nificant difference between stages I/II and III/IV regarding
CD68 marker positivity and CD163/CD68 ratio (Fig. 3d, f).
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a CD68 Positivity

EBV-negative DLBCL EBV+DLBCLe

Fig. 1 Macrophage marker positivity in EBV+DLBCLe and EBV-
negative DLBCL. a There was no difference in CD68 marker positiv-
ity between the studied groups. b The figure shows CD163 marker
positivity (%) in EBV-negative DLBCL and EBV +DLBCLe. The p

Macrophage Polarization

p <0,0001

CD163/CD68 Ratio

EBV+DLBCLe

EBV-negative DLBCL

Fig.2 Macrophage polarization in EBV+DLBCLe and EBV-neg-
ative DLBCL. The figure shows the CD163/CD68 ratio in patients
of EBV-negative DLBCL and EBV +DLBCLe. The p value was
obtained by the Mann—Whitney test. A significantly higher CD163/
CD68 ratio was found in EBV+DLBCLe (p<0.0001, Mann—Whit-
ney)

Macrophage polarization and International
Prognostic Index

There was no statistically significant difference between
EBV-negative DLBCL patients classified as IPI<2 or
> 2 regarding CD68 and CD163 markers alone (Fig. 4a,
b). However, the CD163/CD68 ratio was higher (median
value 0.19) among patients classified as IPI>2 compared
to patients with IPI <2 (median value 0.10) (p =0.01,
Mann—Whitney test) (Fig. 4c) in the EBV-negative
DLBCL cases. In EBV + DLBCLe group, there was no
significant difference in CD68, CD163 and CD163/CD68
ratio regarding the IPI (Fig. 4d-f).

b CD163 Positivity

CD163 (%)

EBV+DLBCLe

EBV-negative DLBCL

values were obtained by the Mann—Whitney test. A significant higher
infiltration of CD163-positive cells was detected in EBV + DLBCLe
patients. (p <0.0001, Mann—Whitney)

Macrophage polarization and relative miR-155
expression

In EBV-negative DLBCL, there was no correlation
between CD68 and CD163 positivity and relative expres-
sion of miR-155 (Supplementary Fig. 4b and d). How-
ever, EBV-negative DLBCL samples showed a signifi-
cant decrease in the CD163/CD68 ratio (median value
0.1) among patients with miR-155 overexpression when
compared to those with normal/under expression (median
value 0.18) (p =0.04, Mann—Whitney test) (Fig. 5a).
Figure 5b shows a low negative correlation [25] (Spear-
man’s correlation coefficient = —0.32, p=0.01) between
CD163/CD68 ratio and miR-155 expression. CD68 and
CD163 markers positivity alone did not show a statis-
tically significant difference between groups with over-
expression and normal/under expression of miR-155.
In EBV +DLBCLe, CD163 positivity was significantly
higher (median value 18.56%) among patients with
overexpression of miR-155 than in patients with nor-
mal/under expression (median value 9.12%) (p =0.03,
Mann—Whitney test) (Fig. 5d). Although there was no
statistically significant difference between CD68 posi-
tivity and CD163/CD68 ratio regarding the expression
of miR-155 (Supplementary Fig. 5a/c), Fig. 5e shows a
low positive correlation [25] between CD163/CD68 ratio
and miR-155 expression (Spearman’s correlation coeffi-
cient=0.46, p =0.02). No significant correlation between
CD163/CD68 ratio and miR-155 expression was found in
the EBV + DLBCLe group after exclusion of two outliers
(Fig. 51).
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Fig.3 Macrophage polarization and Ann Arbor staging. The figure
shows CD68, CD163 and CD163/CD68 ratio as a function of Ann
Arbor staging in EBV-negative DLBCL (a—c) and EBV +DLBCLe
(d—f). p values were obtained by Mann—Whitney test. An associa-
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tion between advanced-stage disease (III/IV) and increased CD163/
CD68 ratio was found, as well as CD163 positivity in EBV-negative
DLBCL. The same phenomenon was observed for CD163 positivity
in EBV +DLBCLe
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EBV-negative DLBCL
CD68 Positivity and IPI
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c Macrophage Polarization and IPI

CD163/CD68 Ratio

Fig.4 Macrophage polarization and International Prognostic Index.
The figure shows CD68, CD163 and CD163/CD68 ratio, and the
International Prognosis Index in EBV-negative DLBCL (a—c) and
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EBV +DLBCLe (d—f). p values were obtained by the Mann—Whitney
test. An association between IPI>2 and higher CD163/CD68 ratio

was found in EBV-negative DLBCL
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Macrophage Polarization and Relative miR-155 Expression
EBV-negative DLBCL
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Fig.5 a—c Macrophage polarization, and relative expression of miR-
155 in EBV-negative DLBCL. a The figure shows the CD163/CD68
ratio as a function of the relative expression of miR-155, p values
were obtained with the Mann—Whitney test. b Spearman correla-
tion between CD163/CD68 ratio and miR-155 relative expression.
¢ Spearman correlation after exclusion of four outliers. An associa-
tion between overexpression of the studied miRNA (RE>1.5) and
a lower CD163/CD68 ratio was found (a), as well as a low negative
correlation (r, = —0.32) between these variables (b). A low negative
correlation (r,=—0.30; p=0.03) is still observed after outlier exclu-
sion (c¢). d—f CD163 positivity, and relative expression of miR-155

Macrophage marker positivity, macrophage
polarization and miR-155 expression
in the histological subtypes of EBV + DLBCLe

We found no statistically significant difference between
CD68, CD163 or CD163/CD68 ratio and relative expression
of miR-155 when comparing monomorphic and polymor-
phic subtypes of EBV + DLBCLe (Supplementary Fig. 6).
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10

20 30 40

Relative miR-155 Expression

in EBV +DLBCLe. d CD163 as a function of the relative expression
of miR-155, p values were obtained with the Mann—Whitney test. e
Spearman correlation between CD163/CD68 ratio and miR-155 rela-
tive expression. f Spearman correlation after exclusion of two outli-
ers. An association between overexpression of the studied miRNA
(RE>1.5) and higher CD163 marker positivity was found (d). A low
positive correlation (r; = 0.46) between the CD163/CD68 ratio and
relative expression of miR-155 was observed (e). No significant cor-
relation between these variables was found in the EBV +DLBCLe
group after excluding the outliers (f). RE relative expression, r;
Spearman’s correlation coefficient

Discussion

In the present study, we found an increased expression of
miR-155 in both EBV-positive and EBV-negative DLBCL
patients. However, relative expression of this miRNA was
not statistically different between the two groups. These
findings are consistent with those reported in the literature
since miR-155 is often found to be overexpressed in B-cell
lymphoproliferative disorders [26]. The exact mechanism
of action of miR-155 in malignant transformation is still
not fully understood [27]. Several mechanisms have already
been identified as capable of altering or modulating miRNA
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expression levels [28-31]. In addition, EBV infection may
also contribute to altering miRNA levels in B-cell lympho-
mas. EBV was the first virus in which miRNAs expression
were detected [32]. These miRNAs can use cell’s miRNAs
to control levels of other miRNAs and, consequently, the
expression of target genes that contribute to the process of
neoplastic transformation [33].

In the present study, we observed a shift in macrophage
polarization towards M2 phenotype in EBV + DLBCLe,
when compared to EBV-negative DLBCL (Fig. 2). Morscio
et al. [34] obtained similar results, in which there was evi-
dence of increased infiltration by CD163-positive M2 mac-
rophages in EBV-positive post-transplant DLBCL when
compared to EBV-negative. Sato et al. [35] demonstrated,
in a co-culture of human monocytic cell line (THP-1) with
EBV-positive or EBV-negative Burkitt lymphoma cell line
(Akata cell line), that EBV directly affects the amount of
M2 macrophages in the tumor microenvironment. In the
same study, macrophage depletion has been shown to cause
almost total depletion of EBV + B lymphocytes, suggest-
ing that such macrophages are crucial for the survival of
infected neoplastic cells. Therefore, these studies highlight
the importance of understanding the role of macrophages in
lymphoproliferative disorders because they may contribute
to prognosis in patients with DLBCL [18]. Our results also
demonstrated that advanced-stage EBV-negative DLBCL
and especially EBV + DLBCLe show a significant deviation
towards the immuno-regulatory and pro-tumor phenotype
of macrophages (M2) in the tumor microenvironment. The
same phenomenon was observed in EBV-negative DLBCL.
It can be explained by the theory of inflammation associ-
ated with cancer [36]. In advanced stages, with the abso-
lute increase of neoplastic cells, the presence of a local and
systemic immunosuppressive environment, secretion of
cytokines which do not perform significant antitumor activ-
ity and hypoxia factors, contribute to mounting a proper
microenvironment for immuno-regulatory and pro-tumor
macrophages (M2 phenotype).

In the pre-rituximab era, EBV-positive DLBCL, includ-
ing EBV + DLBCLe, had a worse prognosis when compared
to patients with EBV-negative DLBCL, regardless of IPI
[37]. The mechanism involved in such difference has not
yet been clarified. One possible explanation would be the
role of the tumor microenvironment in EBV-related lympho-
mas, which present a large infiltration by non-tumor cells.
From our data, the increased infiltration by M2 macrophages
could contribute to the worse outcome, since these cells act
by repairing and remodeling tumor structure, favoring its
progression by contributing to the processes of neoangio-
genesis, tissue invasion and metastasis [11, 12].

High CD68 expression was associated with favorable
prognosis in patients treated with R-CHOP regimen [10,
38] and those who were chemo-resistant to this therapy

[39]. However, other studies [40-42] did not find signifi-
cant associations between CD68 expression and clinical out-
come. Besides, no statistically significant difference in CD68
expression was reported regarding IPI score and Ann Arbor
staging in the literature [10, 38, 41], and these findings are
consistent with those observed in our cohort. On the other
hand, the assessment of TAMs based on CD163, which is
considered more specific for M2 phenotype, showed more
consistent results. The study by Nam et al. [10] reported that
increased CD163-positive cells and higher CD163/CD68
ratio significantly affected clinical outcomes in R-CHOP-
treated patients and that the ratio was a strong predictor of
short survival. Two studies [43, 44] reported that double
staining for CD163 and CD68 (M2 macrophages) was also
associated with poor prognosis in these patients. Wang
et al. [18] reported the same adverse effect on prognosis
in patients with high CD163-positive cells in the tumor
microenvironment. The unfavorable clinical and biological
characteristics associated with increased M2 macrophages
in DLBCL were also reported [43, 45] and are concordant
with our findings. Our data also showed that EBV-negative
DLBCL group has a significant negative association between
relative expression of miR-155 and CD163/CD68 ratio: the
higher expression of mir-155, the lower CD163/CD68 ratio.
A possible explanation for this finding involves the inositol
phosphatase SHIP1 which is downregulated by miR-155
[46]. This protein can negatively modulate the PI3-kinase/
Akt (PI3K/AKkt) signaling pathway [47, 48]. With increased
cytoplasmic concentration of miR-155, PI3K/Akt pathway is
indirectly upregulated by the decrease in SHIP1 concentra-
tion, stimulating the release of pro-inflammatory cytokines
and macrophagic activation [49]. NF-xB is a key transcrip-
tion factor in M1 macrophage polarization during the early
stages of carcinogenesis by upregulating the expression of
pro-inflammatory cytokines including TNF-a, IL-1p, IL-6,
and IL-12, resulting in cytotoxic and inflammatory functions
[50, 51] (Fig. 6). Zonari et al. [9] showed that insufficiency
of miR-155 in macrophages resulted in an impaired clas-
sical activation for M1 phenotype and a tendency for dif-
ferentiation into M2 phenotype, classically associated with
Th2 lymphocytes, which secretory cytokine pattern does
not exhibit significant antitumor activity. In our study, we
evaluated different levels of miR-155 expression and the
CD163/CD68 ratio in patients with DLBCL and found an
association between overexpression of this miRNA with
a lower CD163/CD68 ratio in the EBV-negative DLBCL,
which corroborates their findings, despite the low negative
correlation, which we believe is due to interference of other
variables on macrophage polarization, since there is no mir-
155 level described in the literature that can be considered
as the cutoff from which macrophage polarization would be
strongly affected.
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Fig.6 Macrophage polarization and miR-155 expression. miR-155
targets the inositol phosphatase SHIPI: this protein can negatively
modulate the PI3K/Akt signaling pathway. a Overexpression of
miR-155 indirectly upregulates PI3K/Akt pathway by the decrease
in SHIP1 concentration, stimulating the release of pro-inflammatory
cytokines and macrophagic activation, inducing M1 phenotype polar-
ization. b Decreased levels of miR-155 suppress the secretion of pro-
inflammatory cytokines and are associated with impaired macrophage
classical activation and a tendency to differentiate to M2 phenotype.
¢ EBV may also affect macrophage polarization towards M2 pheno-

@ Springer

Monocyte IL-10

EBV Infection

2 (c)

Tumor-promoting Activity

VEGF
TGF-B

Angiogenesis
Anti-inflammatory |
type by inducing B cells to secrete immunosuppressive cytokines (IL-
10, TGF-p) in the tumor microenvironment. RTK receptor tyrosine-
kinase, SHIP1 Src homology 2-containing inositol 5’ phosphatase-1,
PTEN phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase, PI3K/
Akt phosphatidylinositol-3-kinase/Akt, PIP2 phosphatidylinositol
(4,5)-bisphosphate, PIP3 phosphatidylinositol (3,4,5)-trisphosphate,
PDGF platelet-derived growth factor, VEGF vascular endothelial

growth factor, TGF-f transforming growth factor-p, TNF-a tumor
necrosis factor a



Cancer Immunology, Immunotherapy (2019) 68:269-282

279

On the other hand, among EBV + DLBCLe patients,
we found an opposite relation to that identified in EBV-
negative DLBCL. The results suggest higher infiltration
by M2 macrophages among patients with miR-155 overex-
pression (RE>1.5) when compared to those with normal/
under expression of this microRNA. Although a low posi-
tive correlation between CD163/CD68 ratio and miR-155
expression was found, it was not significant after outlier
exclusion. We believe that the increased M2 macrophage
infiltration in this group is probably due to the presence of
EBV. EBV directly affects macrophage polarization towards
the M2 phenotype by inducing infected B cells to secrete
immunosuppressive cytokines, including IL-10 and TGF-f3
in the tumor microenvironment [35, 52]. Besides, although it
does not encode a miRNA with homology to miR-155 itself,
EBYV infection is notorious for miR-155 cellular overexpres-
sion [53-55]. The mechanism by which this phenomenon is
installed is related to the expression of viral latent membrane
protein-1 (LMP-1) and its positive regulation of the NF-xB
pathway, which activates the expression of this miRNA at
the transcription level [55].

Assigning macrophages to an alternative activation state
(M2) solely based on CD163 expression may be reduction-
ist. Our first attempt was to identify both markers in the tis-
sue using immunofluorescence. However, we detected that
paraffin-embedded tissue has auto-fluorescence and false
positives would be generated. After 1 year trying to solve
this problem without success, we moved to conventional
immunohistochemistry. In fact, if our CD163/CD68 ratio
was a good source of information, it could be used in clinical
practice with more reproducibility than more sophisticated
techniques.

To our knowledge, this is the first study that compared
the differences in M2 macrophage population between
EBV +and EBV-negative DLBCL patients without immuno-
suppression. Similar findings were reported by Morscio et al.
[34] but in immunosuppressed patients who developed post-
transplant lymphoproliferative disease (PTLD) and also in
cell culture by Sato et al. [35]. Moreover, we believe that this
is the first study that showed, in EBV-negative DLBCL, an
association between miR-155 overexpression and lower M2
polarization in real patients, that is consistent with the find-
ings in disease models reported in the literature [S6-58]. One
limitation of this study relies on the associations between
macrophage polarization and miR-155 expression. We did
not individualize expression of miR-155 among the cells
in tumor microenvironment using in situ hybridization or
even laser microdissection. Therefore, we cannot assume if
miR-155 is most likely coming from tumor cells or reactive
cells. Another point to be addressed in EBV + DLBCLe is
the CD163/CD68 ratio above 1 in some patients using stain-
ing area to evaluate the quantity of antigen expression (and
not positive cell count, as it is usually done in other studies).

We found stronger background interference in CD68 staining
in EBV + group; thus, we had to apply a higher threshold to
avoid considering background as positive cell staining. Also,
CD163 was highly expressed in EBV + DLBCLe. For both
reasons, the CD163/CD68 ratio is above 1 in some patients
in this group. Despite this limitation, we believe that the
ratio still reflects a strong deviation towards M2 polarized
macrophages in the EBV + group. Besides, a study from Bar-
ros et al [13] evaluated immunohistochemistry signature for
identifying M1 and M2 macrophages in different disease
models and reported a higher number of CD163-labeled
cells than CD68-positive cells, showing no perfect overlap
between CD163 and CD68. Last, after the conclusion of this
work, a revision of the WHO classification of hematological
malignancies [59] was published in 2016 and has replaced
the provisional entity EBV + DLBCL of the elderly by the
EBV + DLBCL not otherwise specified (NOS), once it may
occur in younger patients as well. Therefore, we believe that
our results could be extrapolated to the younger group.

Therapeutic strategies approaching to modulate the
expression of miR-155 or prevent and reprogram immuno-
regulatory and pro-tumor macrophage polarization could
be evaluated as adjuvants in the EBV + DLBCLe therapy,
since this entity has a rich infiltration of this macrophage
phenotype in its tumor microenvironment compared to simi-
lar EBV-negative patients; in addition, recent evidence sug-
gests that survival of transformed B lymphocytes infected by
EBV depends directly on the presence of M2 macrophages
[35]. Use of bisphosphonates, such as zoledronic acid, have
proven to reverse the TAM polarization to M1 phenotype
[60, 61]. A new drug (IPI-549) that selectively inhibits PI3-
kinase-gamma (PI3K-y) is being tested [62]. Preclinical
studies have demonstrated that IPI-549 shifts the polari-
zation of immuno-regulatory and pro-tumor macrophages
(M2) to the antitumor phenotype (M1) in the tumor microen-
vironment, in addition to increasing the number and activity
of T lymphocytes that attack the tumor and produce pro-
inflammatory cytokines [63, 64].

Conclusions

This is a study of macrophage infiltration and miR-155
expression in diffuse large B-cell lymphomas (DLBCL)
patients over 50 years old and without immunosuppres-
sion, comparing a cohort of 65 patients with EBV-negative
DLBCL to 28 patients with EBV +DLBCLe. We found
a variable, yet substantial infiltration of DLBCL with
CD68 + macrophages whereby CD163 + macrophages
dominated in EBV + DLBCLe. Moreover, the degree of
infiltration by CD163 + macrophages appeared to corre-
late with advanced stage in both cohorts, consistent with
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previously reported data. Higher miR-155 expression was
associated with a lower CD163/CD68 ratio in EBV-negative
DLBCL, while the opposite was found in EBV + DLBCL.
Stimulation of T cells to tumors at old age is difficult as
a result of age-related deficiencies in the immune system;
therefore, targeting the polarization towards protumoral
macrophages in these elderly EBV + DLBCLe and modu-
lating miR-155 expression might be a new approach to treat
EBV +DLBCLe.
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