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Splenic marginal zone lymphoma (SMZL) is an incurable indolent
small B-cell lymphoma that primarily involves the spleen and
arises in elderly patients, who have a median age of 65 years old at
diagnosis.1 Splenomegaly is the most common clinical sign and is
observed in 75% of patients. Peripheral blood infiltration of tumor
B-cells is detected in approximately 60% of cases.2 Dissemination
to the bone marrow is almost constantly found.3 The 5-year
overall survival ranges from 67.8 to 81% depending on the clinical
stage at diagnosis and treatment approach.4 Transformation to
aggressive large B-cell lymphoma occurs in ~10% of SMZL cases
by 12 years.5

Escape from immune control must be important in the long-
term natural course of indolent B-cell lymphomas. The presence of
PD-1-positive T-cells, a characteristic of tumors with an immune-
inflamed phenotype, has been reported in marginal zone
lymphomas.6 The immune-inflamed phenotype is associated with
“high” intratumor T-cell content.7 This phenotype suggests the
presence of a preexisting antitumor immune response that has
been arrested, probably by local immunosuppression in the tumor
bed. Other described immune tumor profiles are the immune-
excluded phenotype and immune-desert phenotype. The
immune-excluded phenotype is also characterized by the
presence of abundant T-cells. However, these T-cells are located
in the periphery as they are retained in the stroma that surrounds
nests of tumor cells. The immune-desert phenotype is character-
ized by a paucity of T-cells in the tumor (for a review, see
Chen et al.7).
First, we determined the cancer immune phenotype of a set of

54 SMZLs. Patient tumors exhibited a nodular or a nodular and
diffuse pattern, as described.3 A “high” intratumor T-cell level was
found in 43/54 cases (80%, Fig. 1a). Most intranodular CD3-
positive cells were CD4 positive, while some were CD8 positive
(Fig. 1a). The remaining 10 tumors exhibited immune-excluded
phenotypes, with the majority of the T-cells outside the nodules
(Fig. 1b).
The frequency of the immune-inflamed phenotype raised

the question of whether SMZLs could undergo immune escape.
We analyzed the immune escape gene signature published
by Laurent et al.8 in an Affymetrix transcriptome dataset

(HG-U133_Plus_2 array) comprising 8 SMZLs, 5 FCLs (Follicular
lymphomas) and 6 CLLs (Chronic lymphocytic leukemias). As
shown in Fig. 1c, SMZLs were characterized by the over-
expression of PD-L1, MCL1, and CD80 that closely coclustered
with STAT3. The expression of these genes in the SMZLs was
consistently increased when compared that of the FCLs or CLLs.
IDO1, IDO2, LAG3 and CTLA-4 were among the genes with
upregulated expression in the FCLs, and BTLA expression was
increased in the CLL samples together with its ligand TNFRSF14
(Supplementary Figure 1), which might suggest that these
different indolent lymphomas have different mechanisms of
immune escape. The overexpression of PD-L1 in the SMZLs was
confirmed by RT-PCR (Fig. 1d).
At the protein level, histological characterization of SMZLs

revealed an immune-inflamed phenotype with the presence of
PD-L1-positive cells in 75% of tumors (Fig. 1e). Even if statistical
significance was not reached, Kaplan-Meier overall survival
curves suggested that the presence of PD-L1-positive cells in
CD20-positive nodules might negatively influence prognosis
(Fig. 1f). Intranodular PD-L1 expression seemed to be associated
with a morphological pattern evoking the cells of the
microenvironment.
Double staining was then performed to identify the PD-L1-

positive cells within the SMZL tumor nodules. As shown in Fig. 1g,
Pax5-positive tumor B-cells were consistently PD-L1 negative. PD-
L1/CD3 double-positive T-cells were extremely rare (Fig. 1g and
not shown). Myeloperoxydase-positive granulocytes were scarce
within the nodules and were mainly located in the periphery
(Fig. 1g). These cells were consistently PD-L1 negative (Fig. 1g).
The lysozyme antigen was used as a broad marker of the
monocytic/macrophage lineage.9 Most intranodular lysozyme-
positive cells were found to express PD-L1, while peripheral
lysozyme-positive cells were PD-L1 negative (Fig. 1g). PD-L1
expression also colocalized with CD163, a marker of alternatively
activated macrophages (so-called type II tumor-associated macro-
phages) (Fig. 1g). Extranodular CD163-positive macrophages were
PD-L1 negative. Intranodular cells expressing the S-100 protein, a
broad marker of immature and mature dendritic cells,10 also
expressed PD-L1 (Fig. 1g). Similar to macrophages, S100-positive
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dendritic cells located in the periphery of nodules did not express
PD-L1. Altogether, these results clearly indicated that PD-L1
expression in SMZLs was mainly related to both intratumoral
monocytes/macrophages and dendritic cells, and T-lymphocytes
concomitantly expressed PD-1.
As reviewed by Chen and Mellman,7 the concept of tumors with

an inflamed phenotype, id est with intratumoral infiltration of T-cells
that are actively inactivated either by tumor cells or by cells
composing the tumor microenvironment such as myeloid-derived
suppressor cells or tissue-associated macrophages, has emerged

from the characterization of solid cancers. An inflamed tumor
phenotype is frequently associated with PD-L1 expression either by
tumor cells or cells in the microenvironment. This tumor phenotype
is also associated with the response to immunotherapies targeting
the PD-L1/PD-1 axis. As reviewed recently, there is presently no
standardized approach regarding cutoffs and standards for PD-L1
testing.11 Here, we used a commercial detection kit that is routinely
used in lung and colon cancers to predict the response to
immunotherapies against the PD-1/PD-L1 axis and is recognized
as one of the most consistent in the literature.11,12
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Very few studies have examined PD-L1 expression in marginal
zone lymphomas. With an antibody different from ours, Andorsky
et al. examined PD-L1 expression by flow cytometry in only three
cases of marginal zone lymphoma13 and did not find any PD-L1
expression on B-cells. With another antibody, Panjwani et al.
looked at PD-L1 expression on a large variety of both T and B-cell
lymphomas by immunohistochemistry.14 However, their dataset
included only five cases of SMZL and no PD-L1-positive cases.
Nothing was said regarding the cells in the microenvironment in
these two studies.13,14

With this large dataset of 54 SMZL tumors, we confirmed that
Pax5-positive SMZL tumor B-cells were PD-L1 negative. However,
PD-L1-positive cells were present in SMZL tumor nodules. The
presence of PD-L1 positive cells was associated with an inflamed
phenotype with intratumoral infiltration of T-cells, which were
predominantly CD4-positive cells. The expression of PD-L1 in SMZL
was highly associated with the presence of PD-1-positive cells, which
suggests that the PD-L1/PD-1 axis is effective in SMZL. Most in situ
lysozyme-positive cells expressed PD-L1. This broad monocytic/
macrophage differentiation marker can be found in immature
granulocytes.9 However, here, myeloperoxidase and PD-L1 labeling
never colocalized. Thus, PD-L1 and lysozyme colocalization in tumor
nodules was related to the intratumoral monocytic/macrophage
compartment. The presence of either PD-L1/CD163 or PD-L1/S-100
double-positive cells indicated that both type II tumor-associated
macrophages and dendritic cells expressed PD-L1. Notably,
lysozyme-, CD163- or S-100-positive cells located in the tumor
nodule periphery were consistently PD-L1 negative. This suggests
that these tumor-associated cells were instructed to express PD-L1.
In conclusion, our results show that SMZL exhibits an inflamed

phenotype with an immune escape gene signature involving
the expression of PD-L1. The presence of PD-L1-positive
cells was associated with numerous PD-1-positive lymphocytes
and tended to be associated with shorter overall survival.
The expression of PD-L1 in tumor nodules was due to
tumor-associated lysozyme-positive monocytes/macrophages
and S-100-positive dendritic cells. These cells were very likely
to be instructed to express PD-L1 by the tumor since they did
not express this marker when located in the periphery. Such an
inflamed phenotype is thus very likely to be associated with

tumor immune escape, as demonstrated for numerous solid
cancers such as melanoma and lung cancers.
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