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Abstract
Background Classic Hodgkin lymphoma (cHL) is a lymphoid malignancy in which the microenvironment, where the neo-
plastic cells are immersed, contributes to the lymphomagenesis process. Epstein–Barr virus (EBV) presence also influences 
cHL microenvironment composition and contributes to pathogenesis. An increase in PDL1 expression in tumor cells and 
at the microenvironment was demonstrated in adult cHL. Therefore, our aim was to assess PD1/PDL1 pathway and EBV 
influence on this pathway in pediatric cHL, given that in Argentina, our group proved a higher incidence of EBV-associated 
pediatric lymphoma in children.
Methods For that purpose, EBV presence was assessed by in situ hybridization, whereas PD1 and PDL1 expressions were 
studied by immunohistochemistry. PDL1 genetic alterations were analyzed by FISH, and survival was evaluated for PD1 
and PDL1 expressions.
Results EBV presence demonstrated no influence neither on PD1 expression at the microenvironment nor on PDL1 expres-
sion at HRS tumor cells. Unexpectedly, only 38% pediatric cHL displayed PDL1 genetic alterations by FISH, and no dif-
ference was observed regarding EBV presence. However, in EBV-related cHL cases, a higher number of PDL1 + cells were 
detected at the microenvironment.
Conclusion Even though a high cytotoxic environment was previously described in EBV-related pediatric cHL, it might be 
counterbalanced by an immunoregulatory micro-environmental PDL1 + niche. This regulation may render a cytotoxic milieu 
that unsuccessfully try to eliminate EBV + Hodgkin Reed Sternberg tumor cells in pediatric patients.
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Introduction

Hodgkin lymphoma (HL) is a lymphoid malignancy that 
primarily involves lymph nodes, but possesses a distinctive 
morphological presentation with a minority of neoplastic 
cells, namely Hodgkin with their variants Reed–Sternberg 
(HRS) cells, which generally comprise less than 1% of the 
total cell population, immerse in a large majority of non-
malignant reactive immune cells [1]. Those infiltrating cells 
attracted because of HRS cells secretion of chemokines and 
cytokines, are beneficial for the tumor [2].

Evading immune response is a recognized hallmark of 
cancer [3]. Cytotoxic T cells (CTLs) are responsible for 
killing tumor and virus-infected cells, and for controlling 
persistent viral infections. Nevertheless, persistent antigenic 
stimulation leads to CD8 + T cell exhaustion, characterized 
by the induction of a hypo-proliferative state, the loss of 
the ability to produce cytokines IL2, TNFα and IFNγ, and 
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granzyme B (GrB), whereas inhibitory cytokines derived 
from regulatory T cells (Tregs), such as IL10 and transform-
ing growth factor β (TGFβ), also suppress the function of 
effector T cells [4, 5]. Exhausted T cell loses the ability 
to eliminate neoplastic cells; therefore, this process plays 
an important role in the development of cancer, includ-
ing hematologic malignancies [6]. One of the pathways of 
immune exhaustion involves the PD1 molecule and its ligand 
PDL1 [7]. PD1 is expressed by tumor-infiltrating lympho-
cytes (TILs) in the microenvironment in several hematologic 
malignancies including follicular lymphoma (FL), diffuse 
large B cell lymphoma (DLBCL), and cHL [8–10]. On the 
other hand, PDL1 could be upregulated in HRS cells, driv-
ing to the expression of PD1 in T cells at the microenvi-
ronment [11]. This microenvironment is a niche for HRS 
cells positive for PDL1, which could also be expressed by 
tumor-associated macrophages (TAM) [12]. Binding of PD1 
to its ligand PDL1 inhibits cytokine production and cell-
cycle progression in T cells, and represents an important 
checkpoint in the regulation of immune responses [13], and 
represents the key to the development of monoclonal anti-
bodies directed against these control points in the treatment 
of several tumors [7].

PDL1 is encoded on the short arm of chromosome 9 
(9p24.1), close to the locus of PDL2 and Jak2. It has been 
demonstrated that overexpression of the PDL1 is conse-
quence of chromosome 9p24.1 alterations (56% show copy 
gain; 5% polysomy and 36% amplification) observed in most 
cHL adult cases [12]. The interaction of PD1 with PDL1 
occurs between PD1 + TILs and PDL1 + lymphoma cells, 
but also between PD1 + TILs and PDL1 + non-malignant 
cells at the microenvironment [13]. In cHL, PDL1 + cells 
expressed by TAMs physically co-localize with HRS cells 
in a micro-environmental niche, and HRS cells are enriched 
for contacts with T cells expressing CTLA4 in a higher fre-
quency than PD1 or LAG3 [14, 15].

According to previous reports, the increase in PDL1 
expression is associated with a poor survival, so it is usu-
ally considered as a prognostic biomarker [12]. The increase 
in PDL1 expression in tumor cells as well as at the micro-
environment was associated to Epstein–Barr virus (EBV) 
presence in DLBCL [16]. In fact, EBV infection was pro-
posed as an alternative mechanism for PDL1 induction given 
that 9p24.1 amplification and EBV infection were mutually 
exclusive in a series of cHLs; furthermore, LMP1 viral latent 
protein increases PDL1 promoter activity in vitro via JAK3 
[17], enlarging to EBV-associated neoplasias the spectrum 
of tumor susceptible to PD1 blockade. However, some 
reports argue against this finding, given that the distribu-
tion of PDL1 genetic alterations in EBV + and EBV − was 
equivalent in an adult cHL series [12]. Furthermore, PDL1 
gene abnormalities were higher in EBV-positive T cell and 
NK-cell lymphomas, as well as EBV-associated DLBCL 

[18]. In contrast, only 11% of EBV + gastric carcinoma dis-
plays PDL1 amplification [19].

EBV is a gammaherpesvirus with growth-transforming 
properties in vitro on B cells, the most important target cell, 
which is why it was also linked to several B cell lympho-
mas, like Burkitt’s lymphoma, DLBCL and HL. In devel-
oped countries, EBV is detected in 30–35% of cHL cases, 
whereas this rate is significantly increased in developing 
populations, where mixed cellularity (MC) subtype is preva-
lent [20, 21]. In Argentina, the overall EBV-association rate 
is 59% in pediatric cHL, but even though MC is still the 
prevalent subtype, nodular sclerosis subtype prevalence is 
rising in the last years [22]. Nevertheless, EBV positivity is 
statistically increased in children younger than 10 years in 
our country [23]. EBV-associated cHL exhibits Latency II 
pattern, in which EBERs transcripts as well as LMP1 and 
LMP2A latent viral proteins are expressed by HRS cells. 
Even though the role of EBV in cHL pathogenesis is not 
yet entirely disclosed, latency II antigens are involved in the 
rescue of germinal center (GC) B cells with crippling muta-
tions from apoptosis to become an HRS cell [20].

In line with this, EBV presence also has influence on cHL 
microenvironment composition, to contribute to lymphom-
agenesis process. In EBV-associated cHL in adult patients, 
a higher number of cytotoxic CD8 + T cells, along with 
regulatory CD4 + T cells (Tregs) that secrete IL10, were 
demonstrated [24]. In pediatric cHL, EBV + cases exhibit a 
cytotoxic/Th1 profile, with an antitumoral M1 macrophage 
polarization pattern [25, 26]. In line with this, our group 
proved the prevalence of a cytotoxic and M1 polariza-
tion pattern in pediatric cHL from Argentina [27], which 
is apparently unable to eliminate EBV + HRS cells. This 
finding prompted us to hypothesize that there is an immune 
regulatory mechanism counteracting those antitumoral 
responses at the microenvironment. Therefore, our aim was 
to characterize PD1/PDL1 pathway in HRS cells microen-
vironment to disclose its involvement in the pathogenesis of 
pediatric EBV-associated cHL.

Methods

Patients and samples

Formalin-fixed paraffin-embedded tissue biopsies (FFPE) 
of 80 patients were analyzed, taking into account the avail-
ability of sufficient material from the archives of the Pathol-
ogy Division of the Ricardo Gutiérrez Children’s Hospital, 
Buenos Aires, Argentina. The age range was 2–18 years 
(median: 9.5 years). This series enlarges the data published 
previously [27]. Institutional guidelines regarding human 
experimentation were followed, and they were in accordance 
to the Helsinki Declaration of 1975. The Ethical Committee 
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of the institution approved the study, and all the patients’ 
guardians gave informed consent for the study. Diagnosis 
was made from biopsies taken from the primary tumor and 
cases were classified by the pathologist (E.D.M) by immu-
nohistochemical staining according to the updated World 
Health Organization (WHO) scheme for lymphomas [28]. 
From each case, representative tumor areas rich in HRS 
selected by pathologists of the service were selected.

EBERs in situ hybridization (ISH)

In situ hybridization for EBERS was performed in FFPE 
tissue sections using labeled oligonucleotides with fluores-
cein isothiocyanate (FITC) as probes (DAKO) according 
to the manufacturer’s instructions. An anti-FITC monoclo-
nal antibody labeled with alkaline phosphatase was used 
to detect hybridized sites. An EBV-positive post-transplant 
lymphoproliferative disorder was used as a positive control.

Immunohistochemistry (IHC)

On the FFPE biopsies (3–4  µm), immunohistochemis-
try was performed with the panel of antibodies for: PD1: 
CD279 (clone NAT 105, dil: 1/50, Abcam), PDL1: CD 
274 (clone 4E54, Abcam), IL10 (Ab34843, Abcam), TGFβ 
(Ab9758, Abcam). Antigenic recovery was performed using 
Tris–EDTA buffer pH = 9.0 for the detection of PDL1 and 
TGFβ, and for PD1 and IL10 with sodium citrate buffer 
pH = 6.0. After incubation with the primary antibody, immu-
nodetection was performed using the Vectastain-ABC-Per-
oxidase kit, using diaminobenzidine (DAB) as a chromogen. 
As a positive control for each marker, a tonsil tissue was 
selected, observing a brown pattern in membrane and cyto-
plasm in positive cells. The analysis of cell populations was 
performed by light field microscopy (Carl Zeiss, Scope.A1). 
The results were expressed as positive cells per area unit 
(cells + /mm2).

Immunostaining was used to assess viral LMP1 expres-
sion in tumor cells on EBV + (by EBERs ISH) tissue sam-
ples, using monoclonal antibodies CS1-4 (Dako). Antigenic 
recovery was performed with sodium citrate buffer pH = 6.0. 
IHC detection of primary antibody was carried out using a 
universal streptavidin–biotin-complex peroxidase detection 
system (UltraTek HRP Anti-Polyvalent Lab Pack, ScyTek) 
according to the manufacturer’s instructions. An EBV-pos-
itive post-transplant lymphoproliferative disorder was used 
as a positive control.

Fluorescent in situ hybridization (FISH)

In a subgroup of 37 patients FISH for the PDL1 gene was 
performed, based on the quality of FFPE samples. FFPE 
biopsies were hydrated with xilol and ethanol, pretreated 

with heat and pepsin for 15 min, and then incubated with 
specific probes that hybridize with the PDL1 gene in the 
9p24.1 region of double-color design, labeled with red fluo-
rochrome, and control probe in the pericentromeric region 
of chromosome 9 (CEP 9) labeled with green fluorochrome 
(Lexel Laboratories). Prior to the addition of the probe, the 
tissues were treated with a solution of pepsin (0.005% pep-
sin) at 37 ℃. Subsequently, two washes were performed with 
PBS1X for 5 min and dried at room temperature. Then, a 
dehydration step was carried out with ethanol solution in 
increasing order of ethanol concentration (70%, 90% and 
100% for 3 min). The slides were hybridized according to 
the manufacturer’s instructions. DAPI was used for nuclear 
staining. Approximately 50 HRS cells per case were ana-
lyzed. Taking into account the ratio of PDL1/CEP9 sig-
nals, three conditions were defined: amplification (PDL1/
CEP9 ≥ 3:1), PDL1 copy gain (PDL1/CEP9 > 1:1 but < 3:1) 
and polysomy of chromosome 9 (PDL1/CEP9 1: 1 but 
with > two copies of each probe).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 
5 (GraphPad Software Inc, San Diego California USA). 
Categorical variables were analyzed using Fisher’s exact 
test or Chi-Square test when necessary. Mann–Whitney test 
was used to compare the means between groups in relation 
to EBV presence. Correlations between data were deter-
mined using Spearman or Pearson rank correlation index, 
when appropriate. All tests were two-tailed, and p < 0.05 
was considered statistically significant. The follow-up time 
was defined as the length of time from the date of diagnosis 
to either last follow-up date or when a given event occurs. 
Event-free survival (EFS) was measured from the date of 
diagnosis and first treatment to either date of disease pro-
gression or discontinuation of treatment for any reason or 
censoring date when patient’s loss of contact or withdrawal 
from the study. For survival analyses related to reactive 
microenvironment expression, two groups were consid-
ered: the group of patients with expression values above the 
50th percentile (median) versus the group below this point. 
Kaplan–Meier curves based on the abovementioned median 
thresholds were generated and statistical significance of each 
marker was determined using the log-rank test.

Results

Concerning histological characterization, as expected for 
a developing population, MC subtype was proved in 56% 
of cases (39/69 with histological subtype data), whereas 
nodular sclerosis subtype was characterized in 39% 
(27/69). The remaining cases were lymphocyte depletion, 
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lymphocyte-rich or not known (n = 11) (Suppl Table 1). EBV 
expression was proved in 69% of patients (55/80) by means 
of EBERs ISH, and LMP1 expression by IHC was observed 
in all 55 EBER-positive cases (Fig. 1a, b). As previously 
described in our previous work [23], represented in part by 
this series, both MC subtype and age under 10 years old 
were statistically associated to EBV + cases (p < 0.05, Fish-
er’s exact test). Based on those results, two analysis patterns 
were used for evaluation of PD1/PDL1 pathway parameters: 
EBV + and EBV − cases, as well as patients younger and 
older than 10 years old.

Upregulation of PD1 expression on tumor-infiltrat-
ing lymphocytes in different types of cancers leads to an 
exhausted phenotype [5]. Furthermore, this upregulation 
was characterized in models of chronic viral infection [11]. 
Therefore, PD1 cell count was compared in EBV-associated 
versus EBV-non-associated pediatric cHL, but no differ-
ence was observed in PD1 + cell count between EBV + and 
EBV − cases (p > 0.05, Mann–Whitney test) (Fig. 1c). In 
addition, PD1 expression was compared between children 
younger and older than 10 years old, since we observed age 
differences in pediatric cHL cases [27]. However, no signifi-
cant differences were found in PD1 + cell numbers between 
both age groups (p > 0.05, Mann–Whitney test) (Fig. 2). 
IL10 and TGFβ are inhibitory cytokines that suppress the 

function of effector T cells [4]. To confirm if those cytokines 
could drive T cells into an exhausted phenotype, PD1 
expression was correlated with each of them in a subset of 
43 pediatric cHL patients. Median IL10 and TGFβ-positive 
cell counts in relation to EBV presence and age groups are 
detailed in supplementary Table 2, while survival analysis 
with both cytokine expression is presented in supplementary 
Fig. 1. Neither IL10 nor TGFβ is statistically associated with 
survival (p > 0.05, log-rank test). In the whole series, nei-
ther IL10 nor TGFβ displayed a significant correlation with 
PD1 + cell numbers (p > 0.05, Spearman correlation test). 
However, in EBV + cases, PD1 + cells showed a signifi-
cant positive correlation with the IL10 + ones (r = 0.4257, 
p = 0.0239, Spearman correlation test). In line with this, in 
patients younger than 10 years old, most EBV-associated 
cases, a statistical positive correlation was demonstrated 
between IL10 + and PD1 + cells (r = 0.5866, p = 0.0065, 
Spearman correlation test). In contrast, TGFβ + cells only 
revealed a positive correlation with the PD1 + ones in 
EBV − cases (r = 0.8434, p = 0.0085, Spearman correlation 
test).

PDL1, as the ligand of PD1, can be expressed in malig-
nant HRS and in non-malignant cells at the microenvi-
ronment, as described for DLBCL, to evade host immune 
response. It was described that EBV presence may influence 

Fig. 1  Representative staining undertaken on sections from cHL 
biopsies. Nuclear localization of the EBERs in neoplastic cells by 
ISH (a). Membranous and cytoplasmic localization of LMP1 in neo-
plastic cells by IHC (b). Membranous and cytoplasmic staining of 

PD1 in the microenvironment by IHC (c). Membranous and cytoplas-
mic localization of PDL1 in neoplastic cells (d) and in the microen-
vironment (d and e). Amplification of PDL1 gene in the nucleus of 
tumor cells by FISH (f)
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its expression [16]. PDL1 presence in HRS cells by means 
of IHC was observed in 44% (35/80) pediatric cHL cases 
(Fig.  1d), 77% (27/35) were EBV + cases, while in the 
remaining 45 cases in which PDL1 expression was not 
observed, EBV positivity was proved in 69% (31) of cases, 
without statistical differences (p > 0.05, Fisher’s exact test). 
In line with this, when PDL1 + HRS cells were counted, no 
differences were found between EBV-associated and non-
associated cases (p > 0.05, Mann–Whitney test).

The influence of EBV presence in PDL1 genetic altera-
tions in tumor cells is still under discussion. To disclose viral 
influence on a pediatric population with increased EBV-
associated cHL prevalence, 9p24.1 genetic alterations were 
studied in a subgroup of 37 patients with good-quality sam-
ples by means of FISH. Amplification of PDL1 gene (PDL1/
CEP9 ≥ 3) in HRS cells was observed in 8% (3/37) of cases, 
PDL1 copy gain (PDL1/CEP9 > 1:1 but < 3:1) was proved 
in 16% (6/37) of cases, whereas in 14% (5/37) of cases, HRS 
cells showed cells with PDL1 amplification and cells with 
PDL1 copy gain (Fig. 1f). In the remaining 62% (23/37) 
of cases, no 9p24.1 genetic alterations were observed. 
Sixty-five percent (24/37) of cases were EBV + (10 cases 
with PDL1 rearrangement), while the remaining cases were 
EBV − (5 cases with PDL1 rearrangement). Neither PDL1 
amplification nor copy gain was statistically associated to 
EBV presence (p > 0.05, Fisher’s exact test). Furthermore, 
when PDL1 + mean cell count was compared between cases 
with and without genetic alterations, no statistical differ-
ences were demonstrated (p > 0.05, Mann–Whitney test).

Microenvironment plays a key role in the pathogen-
esis of cHL, and PDL1 plays an important role, given that 
PDL1 + cells co-localize with HRS cells in a micro-environ-
mental niche [14]. In pediatric cHL, age and EBV presence 
influence microenvironment composition [25, 27]. There-
fore, specific PDL1 expression at the microenvironment in 
our series was analyzed in relation to EBV-positive and age 
(Fig. 1e). No differences in the mean of PDL1 cell count 
were proved when comparing patients younger vs. older than 
10 years old (p > 0.05, Mann–Whitney test). Remarkably, in 

EBV + cases, PDL1 + cell count was statistically higher than 
in the EBV − ones (p = 0.042, Mann–Whitney test) (Fig. 2).

In adult cHL, PDL1 expression and genetic alterations 
were associated with survival [12]. In our series, the PD1 
and PDL1 median cell numbers at the microenvironment 
were used as cutoff value for the survival analysis, whereas 
concerning PDL1 expression in HRS cells, positive versus 
negative cases were applied as cutoff. Unexpectedly, neither 
PD1 nor PDL1 expressions in HRS cells or at the micro-
environment were associated to survival in pediatric cHL 
patients (p > 0.05, log-rank test) (Fig. 3).

Discussion

In the last years, the PD1–PDL1 pathway has been exten-
sively studied as a target for immunotherapy approaches, 
since blocking this interaction triggers antitumor responses 
and better outcome. PD1 is upregulated on T cells upon acti-
vation and it remains highly expressed on exhausted T cells, 
reason why is expressed on tumor-infiltrating lymphocytes. 
Meanwhile, PDL1 is upregulated on tumor cells, as well 
as in macrophages and dendritic cells at the tumor micro-
environment [29], for such reason, it is evaluated in both 
scenarios [16]. This pathway was studied in several types 
of adult lymphomas.

In DLBCL, PDL1 expression in tumor cells was associ-
ated with shorter survival [16, 30, 31], whereas no signifi-
cant differences were observed in PDL1 expression at the 
microenvironment when cases with PDL1 + expression were 
compared versus the PDL1- ones [16]. Wang et al. reported 
only a 10% of DLBCL cases with PDL1 gene alterations, 
and, surprisingly, the cases with 9p24.1 amplification had a 
trend of better event-free survival [32]. In adult cHL, ampli-
fication and copy gain of 9p24.1 PDL1 gene was proved in 
36% and 56% of cases, and it was associated with shorter 
survival [12]. Regarding PDL1 expression at the microenvi-
ronment, higher PDL1 expression was proved around HRS 
cells, in micro-environmental niche [14]. Only one group 

Fig. 2  Comparison of mean cell 
count of immune cell markers 
PD1, PDL1in HRS cells, and 
PDL1 at the microenviron-
ment between EBV + (n = 55) 
and EBV − (n = 25) cases (a) 
and between children younger 
or equal (n = 41), and older 
(n = 30) than 10 years (b). 
Black bars indicate EBV + cases 
and ≤ 10 years, and grey bars 
indicate EBV − and > 10 years. 
Error bars indicate SD. The 
p-value is from the Mann 
Whitney test
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studied PD1/PDL1 in cHL by means of IHC, who found a 
low PD1 expression in < 20% of cases, whereas PDL1 in 
HRS tumor cells was observed in all cases [33]. Conversely, 
in our series, PDL1 expression in HRS cells was proved only 
in 44% of cases. Furthermore, amplification, copy gain and 
both were observed in 8%, 16% and 14% of cases, respec-
tively, indicating that PDL1 expression and genetic altera-
tion did not play a key role in lymphomagenesis in the cHL 
cases analyzed. In line with this, PDL1 expression was not 
associated with event-free survival, while outcome could not 
be analyzed in relation to PDL1 genetic alterations given that 
this analysis only included 37 cases.

A tolerogenic environment characterized by PD1 expres-
sion was proved in DLBCL [34], in particular in GC-type 
[16]. In line with this, PD1 levels are increased in tumor-
infiltrating T cells in cHL compared to healthy volunteers, 
even in peripheral blood [35]. The increased PD1 + in 
tumor-infiltrating lymphocytes was consistently associated 
with poor prognosis in cHL patients treated with conven-
tional therapies [10]. Conversely, no effect of PD1 + cells on 
tumor-infiltrating lymphocytes was observed on survival in 
our pediatric cHL when the median number of PD1 + cells 
was used as the cutoff for survival analysis. Our group pre-
viously demonstrated that EBV was statistically associated 
with children younger than 10 years old in several types 
of lymphomas [23], that also include pediatric cHL previ-
ously studied that integrate part of this analysis [22, 27], 

then providing the bases for EBV and age groups evaluation. 
EBV presence was associated with increased cytotoxic effec-
tor cells at the microenvironment in DLBCL, in coexistence 
with the PD1 + tolerogenic milieu [34], whereas this cyto-
toxic profile was proved in cHL in children younger than 
10 years in cHL [27]. The immunomodulatory role of IL10 
in EBV-associated lymphomas, as well as in EBV carriers, 
was previously demonstrated, suggesting a viral-induced 
balance between cytotoxic and immunosuppressive fea-
tures [34, 36]. Moreover, IL10 upregulation by LMP1 viral 
protein was demonstrated in vitro [37]. In addition, HRS 
and Tregs cells in the microenvironment secrete soluble fac-
tors, such as IL10 and TGFβ, to induce an immunoregula-
tory milieu, which includes enhanced PD1 signaling [38]. 
Cooperation between IL10 and PD1 was also demonstrated 
in vitro, given that both IL10 and PD1 blockade enhance the 
activity of CD8 + T cell in melanoma patients [39]. There-
fore, the significant correlation observed between PD1 + and 
IL10 + cells may reflect a cooperative immunoregulatory 
role in EBV + cases and in children younger than 10 years 
old, possibly to counteract viral-induced cytotoxicity. In 
contrast, in EBV − cases, since IL10 is not induced by EBV 
presence, TGFβ may cooperate with PD1 to achieve immune 
modulation at the microenvironment.

EBV presence, through LMP1 protein, induces PDL1 
expression, suggesting an alternative mechanism for 
PDL1 induction in cHLs with diploid 9p24.1 [17], while 

Fig. 3  Event-free survival (EFS) analysis to PDL1 + HRS cells (a), PDL1 + cells at microenvironment (cut off 50th percentile) (b) and 
PD1 + cells at the microenvironment (cut off 50th percentile) (c)
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a counter-regulatory role for EBV miR-BHRF1-2-5p 
in  vitro was proved to balance PDL1 surface protein 
expression [40]. PDL1 expression was associated with 
EBV expressing latency II or III patterns in post-trans-
plant lymphoproliferative disorder (PTLD) [41], and a 
high frequency of PDL1 genetic aberrations was observed 
in several types of EBV-associated lymphomas [18]. In 
our series, even though LMP1 expression was proved in 
all pediatric EBV + cHL, no increase in genetic aberra-
tions was observed in EBV-associated cases. Furthermore, 
concerning PDL1 expression, neither PDL1 positivity nor 
mean cell count in PDL1 + HRS cells were observed when 
EBV + cases were compared with EBV − ones. This find-
ing might reveal that, unlike adult lymphomas [18, 41], 
EBV presence as well as the expression of its major onco-
genic protein, LMP1, has no effect on PDL1 gene or pro-
tein expression in pediatric cHL. When PDL1 expression 
was discriminated between tumor and microenvironment 
immune cells, PDL1 + cells from both were significantly 
associated with EBV presence in adult DLBCL [16]. In our 
series, PDL1 expression was increased in EBV-associated 
pediatric cHL cases exclusively at the microenvironment. 
The presence of regionally localized PDL1 + macrophages 
that form a micro-environmental niche for HRS cells in 
adult cHL was suggested [14]. Therefore, our results may 
indicate that this PDL1 + niche in pediatric cHL could be 
observed only in the context of EBV-associated cases, in 
a population with high incidence of pediatric EBV infec-
tion [23].

In summary, our results reveal that, even though a high 
cytotoxic environment was described in EBV-related 
pediatric cHL [25, 27], it might be counterbalanced by an 
immunoregulatory cooperation between of PD1 and IL10, 
along with a micro-environmental PDL1 + niche. This 
regulation may render a cytotoxic microenvironment that 
unsuccessfully try to eliminate EBV + HRS tumor cells in 
pediatric patients.
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