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Abstract The tumor microenvironment of classical
Hodgkin lymphoma (cHL) is clearly responsible for the
maintenance of the malignant Hodgkin-Reed-Sternberg
(HRS) cells, and Epstein—Barr virus (EBV) has been shown
to play a role in this immune evasion. EBV can increase the
migration of CD4+tCD25YFOXP3" lymphocytes, named
regulatory T cells (Tregs). In this study, we assessed the
distribution and biological significance of Tregs in patients
with cHL. Tissue microarrays were constructed using
diagnostic biopsies available in 130 cHL patients and
stained with CD4, CDS§, CD25, and FOXP3 antibodies. For
the present study, only cHL patients whose histology could
be confirmed and EBV association established were stud-
ied. From the 130 cHL patients selected for this study, 56
were classified as EBV-related and 74 EBV non-related
cHL. There were no association between clinical charac-
teristics and the expression of Tregs. However, higher
levels of Tregs correlated with EBV presence on HRS cells
(p = 0.02), although it did not influence event-free survival
(EFS) and overall survival (p = 0.98 and p = 0.59,
respectively). This study demonstrates that Tregs expres-
sion correlates with EBV presence in HRS cells and has no
impact on survival of patients with cHL. Further studies
investigating the mechanisms in which EBV recruits Tregs

M. C. G. Assis - J. S. R. Oliveira - J. M. K. Silva -

P. B. Silva - A. D. Penna - E. M. Souza - O. C. G. Baiocchi (D)
Departamento de Oncologia Clinica e Experimental, Disciplina
de Hematologia e Hemoterapia, Universidade Federal de Sao
Paulo, UNIFESP, Rua Botucatu 740, Vila Clementino,

Sédo Paulo, SP 04023-060, Brazil

e-mail: baiocchi @unifesp.br

A. H. F. M. Campos - F. A. Soares

Departamento de Patologia, Hospital A.C. Camargo,
Sao Paulo, SP, Brazil

@ Springer

to the tumor microenvironment will contribute not only to
our understanding on the pathogenesis of cHL but also to
the development of new therapeutic strategies.
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Introduction

Classical Hodgkin lymphoma (cHL) is characterized by the
presence of rare neoplastic Hodgkin-Reed—Sternberg
(HRS) cells embedded in an inflammatory background of
nonmalignant cells [1, 2]. The majority of these cells are
usually T lymphocytes with variable numbers of other
cells, such as macrophages, neutrophils, eosinophils, and
plasma cells [1]. The mechanisms of how HRS cells per-
petuate in this inflammatory milieu remain controversial,
and Epstein—Barr virus (EBV) has been shown to play a
role in this immune evasion [3]. EBV can be found latently
infecting HRS cells in approximately 50 % of all cases and
can increase the migration of a subset of regulatory CD4™
T cells (Tregs) to the tumor microenvironment, character-
ized by a CD4TCD25"FOXP3" phenotype [3, 4]. Tregs
have become the focus of interest, given the critical role of
these cells in the modification of immune responses, par-
ticularly suppression of tumor-associated antigen-reactive
lymphocytes [5]. Increased Tregs in the tumor microenvi-
ronment were found to correlate with an unfavorable
prognosis in ovarian carcinoma [6] and non-small cell lung
cancer [7], whereas data regarding the importance of Tregs
on the prognosis of cHL remain controversial. Some
studies have shown that Tregs are a positive prognostic
marker in cHL [8, 9], although Schreck et al. [10] showed
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that Tregs negatively influenced the prognosis with a high
risk of relapse.

Understanding the mechanisms in which the tumor
microenvironment fosters immune privilege enabling HRS
cells to escape host anticancer immune response is crucial for
the development of new therapy strategies. We, therefore,
decided to quantify CD4"CD25 FOXP3™" regulatory T cells
in the tumor microenvironment, correlate with the presence
of EBV in HRS cells and further analyze the possible influ-
ence of these cells on the outcome of cHL patients.

Materials and methods

A total 130 cases of cHL diagnosed between 1980 and 2008
were selected for this study. All cases were treated at the
University Hospital Sao Paulo and the Hospital A.C. Cam-
argo, both of which are located in the city of Sdo Paulo,
Brazil. The two selected hospitals are public hospitals and
responsible for the assistance of nearly 4 million people.
Patients were only included in this study if they had: (1)
negative HIV serology, (2) paraffin blocks available with
enough material for tissue microarray (TMA) construction,
histological reclassification, and for EBV detection, and (3)
clinical, epidemiological, and laboratorial parameters
available after a thorough chart review. All patients were
initially treated with curative intent according to the standard
of care at the time of diagnosis. However, owing to the long
study period, standards of care changed, and, consequently,
the study patients did not receive uniform treatment.
All patients received either MOPP (mechlorethamine, vin-
cristine, procarbazine, and prednisone)), MOPPABV
(mechlorethamine, vincristine, procarbazine, prednisone,
doxorubicin, bleomycin, and vinblastine), or ABVD (doxo-
rubicin, bleomycin, vinblastine, and dacarbazine) chemo-
therapy protocols and had locally extensive or advanced-
stage disease at diagnosis. Locally, extensive disease was
defined by clinical stages I-II-A/B (Ann Arbor Staging
System) with massive mediastinal adenopathy (mass > 1/3
maximum intrathoracic diameter on standing posteroante-
rior chest X-rays) and advanced disease defined as stages 11—
IV. Between 1980 and 1994, the standard protocol applied in
both Institutions was MOPP; between 1994 and 1999, the
treatment used was MOPPABYV hybrid regimen, and after
1999, ABVD has been used. The response to primary treat-
ment was classified according to the International Workshop
criteria [11].

Tissue microarray (TMA) was constructed and validated
as described elsewhere [12]. Each case was spotted in
duplicate. Briefly, the richest areas of HRS cells were
marked in the paraffin blocks. One-millimeter diameter
cylinders from two different areas were included in each
case, along with different controls, to ensure reproducibility

and homogenous staining of the slides. Immunohisto-
chemistry was performed manually, as previously described
[13], with primary antibodies to CD4, CD8, CD25, FOXP3
(BD Biosciences, San Jose, CA, USA). After staining,
images were obtained and analyzed using the Aperio
ScanScope XT Slide Scanner (Aperio Technologies, Vista,
CA, USA) and the Aperio ImageScope Software with the
Aperio Positive Pixel Count Sample Macro algorithm
(version 10.2.2.2317, Aperio Technologies, Vista, CA,
USA). A previously known positive case of cHL was used
as an external positive control. Unequivocal co-expression
of FOXP3 and CD4 and CD25 was detectable on triple-
stained slides, while expression of FOXP3 on CD4- or
CD25-negative cells was not observed. Immunohisto-
chemical scoring ranged from 1 to 4 for the antibodies
tested, with higher scores indicating a greater proportion of
positive cells. For CD4"CD25"FOXP3" quantification,
score 1 was considered negative (< 25 % of CD4TCD25"
FOXP3™" cells) and scores 2, 3, and 4 (more than 25 % of
positive cells) were considered positive. Determination of
EBV association in tumor biopsies was done by in situ
hybridization (ISH) for EBV-encoded RNA (EBER) and
immunohistochemistry (IHC) for LMP1 following previ-
ously established procedures [14].

This research was submitted to the Brazilian Research
Council and approved by the ethical review committee of
both Institutions according to the Declaration of Helsinki.

Statistical analysis

Statistical analysis including data description was done
using the Statistical Package of Social Sciences 16.0 soft-
ware (Chicago, IL, USA). Clinical variables evaluated in
the study were age, gender, presence of systemic symptoms
(B symptoms), bulky disease, Eastern Cooperative Oncol-
ogy Group performance status, clinical stage, International
Prognostic Score (IPS), and treatment response. Differ-
ences in baseline patients and disease characteristics,
including Tregs quantification, between EBV-positive and
EBV-negative cHL cases were compared using either Chi-
square test, Fisher exact test, or Mann—Whitney test. The
association between EBV status and Tregs quantification
was analyzed using logistic regression with results
expressed as odds ratios (ORs) and 95 % confidence
intervals (CIs). All Ps are based on two-tailed distributions.
Results were considered significant for values of p < 0.05.
Actuarial survival curves were compiled using the Kaplan—
Meier method, and log-rank tests were used to compare
curves. Overall survival (OS) was calculated from the date
of diagnosis to the date of death or the last follow-up.
Event-free survival (EFS) was calculated from the start of
the treatment to the date of progression, death, or last
follow-up.
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Results

This study included 130 patients with cHL diagnosed
between 1980 and 2006. The median age was 30 years
(ranging from 07 to 92) and 67 patients were male
(51.5 %). According to W.H.O. classification, nodular
sclerosis (NS) histologic subtype was found in 86 patients
(66.1 %). The majority of patients presented with advanced
disease (stages III and IV) at diagnosis (n = 79; 60.8 %)
and with systemic B symptoms (n = 76; 58.4 %). The
median follow-up was 96 months (ranging from 02 to
300 months).

From the 130 cHL patients selected for this study, 56
(43 %) were classified as EBV-related and 74 (57 %) EBV
non-related cHL. The patient’s clinical and epidemiologi-
cal characteristics according to EBV status are summarized
in Table 1. Mixed cellularity subtype was more common in
the EBV-related group (p = 0.001). The expression of
CD4", CD25", and FOXP3' cells alone or together
(CD4TCD251TFOXP3") was more common in the EBV-
related cHL group (p = 0.02). Response to treatment,
either complete response (CR) or partial response (PR), and
relapse rate were independent of Tregs quantification and
EBV status. (p = 0.65, p = 0.12, respectively). When
stratified according to the chemotherapy protocol used or
disease stage (localized or advanced), we still did not find
any difference.

Increased expression of CD4"CD25"FOXP3™" in the
tumor microenvironment did not influence event-free
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Fig. 1 a Event-free survival and b Overall survival curves according

to CD4CD25Foxp3 positivity in 130 patients with classical
Hodgkin lymphoma. CD4CD25Foxp3 (+) indicates more than
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Table 1 Baseline characteristics of the 130 Brazilian patients with
classical Hodgkin lymphoma

EBV(4+)HL? EBV(—)HL®

Number of patients (n, % total) 56 (43) 74 (57)
Histological subtype (n, % total)

Nodular sclerosis 32 (25) 54 (41)

Mixed cellularity 24 (63) 20 (37)

Lymphocyte depletion - -

Lymphocyte rich - -

Age (median, years) 29 30
Range 07-92 10-71

Gender (Male, % total) 36 (28) 31 (24)
Stage (n, % total)

Locally extensive disease® 18 (14) 33 (25)

Advanced disease? 38 (39) 41 (31)

B symptoms® (n, % total) 39 (30) 37 (28)

 Epstein—Barr-related Hodgkin’s lymphoma
° Epstein-Barr non-related Hodgkin’s lymphoma

¢ Clinical stages I-II-A/B (Ann Arbor Staging System) with massive
mediastinal adenopathy (mass more than 1/3 maximum intrathoracic
diameter on standing posteroanterior chest X-rays)

9 Clinical stages III-IV

¢ Fever [i.e., temperature > 38 °C (> 100.4 °F)] for 3 consecutive
days, weight loss exceeding 10 % of body weight in 6 months, and
night sweats

survival (EFS) and overall survival (OS) (p = 0.98 and
p = 0.59, respectively) in this group of patients (Fig. 1).
For further analysis, we stratified our patients into two
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Fig. 2 a Event-free survival and b Overall survival curves according
to CD4CD25Foxp3 positivity in 74 patients with Epstein—Barr virus
non-related classical Hodgkin lymphoma (cHL). ¢ Event-free survival
and d Overall survival curves according to CD4CD25Foxp3 positivity
in 56 patients with Epstein—Barr virus-related classical Hodgkin

groups according to EBV status and CD4TCD25"FOXP3*
(Tregs) quantification: EBV(—)Tregs(—) and EBV(—)
Tregs(+); EBV(4)Tregs(—) and EBV(+4)Tregs(+) and we
still did not find any difference on EFS and OS (p = 0.92
and p = 0.95, respectively) for the EBV-negative group
and for the EBV-positive group (p = 0.11 and p = 0.08,
respectively) (Fig. 2). Also, when we considered negative
score 1 and 2 (< 50 % of CD4TCD25"FOXP3™ of positive
cells) and positive score 3 and 4 (more than 50 % of
positive cells), we still did not find any impact on EFS and

Overall Survival (months)

lymphoma. EBV(—) indicates EBV non-related cHL; EBV(+4)
indicates EBV-related cHL; CD4CD25Foxp3 (+4) indicates more
than 25 % CD4CD25Foxp3 + lymphocytes in the tumor microenvi-
ronment, and CD4CD25Foxp3 (—) indicates less that 25 %
CD4CD25Foxp3 + lymphocytes

OS (p = 0.09 and p = 0.12, respectively). Additionally,
stratified survival analysis according to IPS-risk group and
stage did not identify any impact of Tregs quantification on
EFS and OS (data not shown).

Discussion

This study demonstrates that increased Tregs in the tumor
microenvironment of cHL patients correlates with EBV
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presence in HRS cells and has no impact on survival of
patients with cHL. The key features of the impaired
immune response in cHL remain poorly understood, and
recent studies suggest that the cellular composition of the
tumor microenvironment, particularly the quantity of
tumor-infiltrating Tregs, is crucial for the immune evasion
of HRS cells [15, 16]. Understanding how Tregs are
recruited to cHL tumor tissues is being addressed in recent
studies, and EBV may play an important role in creating
this anergic environment [3, 4]. Additionally, in cHL, an
increased number of Tregs is associated with loss of EBV-
specific immunity, whereas depletion of Tregs from
peripheral blood mononuclear cells (PBMCs) enhances
EBV-specific immunity [15]. In our study, the presence of
EBYV in HRS cells correlated with increased Tregs quan-
tification in the tumor microenvironment. The recruitment
of Tregs to tumors is poorly understood and might involve
several chemokines. It has recently been shown that EBV
up-regulates the expression of CCL20 in cHL cells leading
to an increased chemotaxis of Tregs, enabling the escape of
EBV-infected HRS cells from virus-specific cytotoxic
response [3].

We also showed that an increased number of Tregs in
the tumor microenvironment does not correlate with
treatment response nor survival. Our results are different
from those recently reported by Kelley et al. [17], Alvaro
et al. [9] and Tzankov et al. [8] showing that Tregs are a
positive prognostic marker in cHL. Probably, our results
reflect the reality of the Brazilian population, highlighting
the importance of studying different populations from
different countries. Also, our study may differ from theirs
regarding patient selection and treatment used. It is well
known that the incidence of EBV-related cHL in devel-
oping countries is different from that in developed ones, as
well as the severity of the disease at presentation. In our
study, the majority of cases had advanced disease at
diagnosis (60.8 %) and presented with B symptoms
(58.4 %). Therefore, our results emphasize the importance
of studying the Brazilian population and also bring to our
attention the need for greater efforts regarding public
health policies in our country, allowing earlier diagnosis in
order to achieve better therapeutic results. We know that
retrospective studies are prone to pitfalls, but we believe
that our rigorous selection and review of cases make our
data reliable and unique for the Brazilian population. This
study covered a 28-year period in two public hospitals in
Sdo Paulo city, and we acknowledge the fact that this long
period could have influenced our results. Noteworthy,
clinical outcome of cHL has not changed much since early
70 s, as well as the prevalence of EBV-related cHL in our
midst.

Further studies investigating the mechanisms in which
EBYV recruits Tregs to the tumor microenvironment and its
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impact on the clinical evolution of cHL will contribute not
only to our understanding on the pathogenesis of cHL but
also to the development of therapeutic strategies designed
to manipulate Treg activity.
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