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Take-home messages

- The tumor microenvironment plays a critical role in the biology of B-cell malignancies.
- Composition of the tumor microenvironment can impact the clinical course.

Introduction

In the past decades, significant advances in the understanding
of the biology of various subtypes of malignant B-cell lym-
phomas have been made. Numerous studies identified, in the
malignant lymphoma cells, different genetic aberrations and
dysregulated oncogenic signaling pathways that contribute to
the molecular pathogenesis of these entities. However, addi-
tionally the importance of the non-malignant cells surrounding
the neoplastic B-cells, the so-called tumor microenvironment,
became evident. Furthermore, various studies showed that the
composition of the microenvironment can impact the clinical
course of affected patients further underscoring its impor-
tance. Thus, a better understanding of the role of the tumor
microenvironment is crucial. Within this review, we summa-
rize the current knowledge of the microenvironment for three
B-cell lymphoma subtypes.

Diffuse large B-cell lymphoma

Accounting for roughly 30-40% of all lymphoma cases, dif-
fuse large B-cell lymphoma (DLBCL) represents the most
common malignant lymphoma subtype. Gene expression
analyses identified two major molecular subtypes, termed acti-
vated B-cell like (ABC) and germinal center B-cell like (GCB)
DLBCL.1 Diverse genetic aberrations contributing to either
ABC or GCB DLBCL pathogenesis have been unraveled. It
has been shown that some of these abnormalities can also
influence patients’ response to standard of care therapy.1
However, additionally it became evident that besides genetic
features of the lymphoma cells that the microenvironment can
dictate prognosis of affected patients. Gene expression profil-
ing identified two signatures called ‘stromal-1’ and ‘stromal-
2’ that reflect expression patterns of non-malignant cells with-
in the DLBCL microenvironment.2 The ‘stromal-1’ signature

includes genes that are expressed in normal mesenchymal tis-
sues, many of which encode proteins of the extracellular
matrix as well as genes normally expressed in monocytes.
This signature was associated with favorable outcome, where-
as the so called ‘stromal-2’ signature that comprised genes
expressed in endothelial cells or genes encoding important
regulators of angiogenesis, was associated with adverse sur-
vival.2

However, the specific contribution of individual microenvi-
ronmental components on DLBCL prognosis is still not com-
pletely understood and data from various studies are even con-
tradictory (Table 1). Especially the role of tumor-associated
macrophages and regulatory T-cells (Treg) has been analyzed
recently, but could not reveal uniform results. High numbers
of macrophages as measured by CD68 staining were found to
be a favorable prognostic marker for DLBCLs treated with
immunochemotherapy.3,4 In contrast, high numbers of CD68+
cells indicated poor prognosis for patients treated without rit-
uximab.4 Furthermore, an increased ratio of CD68/CD163
double positive cells was correlated with adverse survival.3
Similarly controversial results have been obtained for the
prognostic impact of Tregs. Whereas several studies suggested
that a high number of Treg cells is correlated with favorable out-
come in DLBCL,3,5,6 one study reported a positive influence of
high Tregs on survival only in GCB DLBCLs and a negative
prognostic effect in non-GCB DLBCLs.7 Closely related to the
tumor microenvironment is also the ability of tumor cells to
evade the immune response of the host. Mechanisms support-
ing the immune evasion in DLBCL include loss of B2M and
CD58 expression to prevent recognition by circulating cyto-
toxic T-cells and natural killer (NK) cells.8 Furthermore, the
PD-1/PD-L1 pathway can promote immune evasion. In
DLBCLs an increased PD-L1 expression on tumor cells was
associated with the ABC DLBCL subtype.9 High expression
seems to be due to genetic alterations affecting the PD-L1
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locus. These alterations are more frequent in ABC DLBCLs
leading to an increased expression of PD-L1.10

Follicular lymphoma

An important role in the biology has also been established for
the tumor microenvironment in follicular lymphoma (FL).
Gene expression profiling data revealed two gene expression
signatures derived from non-malignant cells that were corre-
lated with prognosis of affected patients.11 The first signature
termed ‘immune-response 1 signature’ is enriched for genes
typically expressed in T-cells and is correlated with favorable
outcome. In contrast, the ‘immune-response 2 signature’ that
comprised genes that are expressed in macrophages and den-
dritic cells, is associated with poor prognosis.11

The prognostic impact of individual microenvironmental
components has been the focus of several studies (Table 1).
For CD8+ cytotoxic T-cells it was shown that increased num-
bers of cells with high granzyme B expression levels are cor-
related with a longer progression-free survival, whereas the
number of CD8+ cells alone did not correlate with survival.12

Another study implicated that the numbers of a CD8+ subset
with low PD-1 expression correlated with shorter survival.13

The impact of macrophages on FL survival has also been
controversial. Whereas some studies implicated high num-
bers of tumor associated macrophages to be correlated with
adverse outcome in FL patients, other analyses suggested
favorable outcome.14-16 Potentially, these divergent results
are related to patient treatments. PD-1 expression potentially
contributing to immune evasion via the PD-1/PD-L1 path-
way has also been studied, but again the prognostic implica-
tions are not fully elucidated.17,18

Classical Hodgkin lymphoma

Classical Hodgkin lymphoma (cHL) is unique with respect to
its histopathological appearance, as the malignant Hodgkin
Reed-Sternberg (HRS) cells represent only the minority of
cells that are surrounded by an extensive number of non-
malignant immune cells constituting the tumor microenviron-
ment. As for DLBCL and FL different microenvironmental
factors contribute to cHL prognosis (Table 1). Increased num-
bers of CD68+ macrophages were associated with inferior sur-
vival.19,20 In contrast, high numbers of non-malignant CD20-
positive B-cells were correlated with favorable prognosis.20,21

Similarly, increased numbers of Treg cells pointed towards a
superior outcome.20 In contrast, a low ratio of Treg to cytotoxic
T-cells/NK cells correlated with poor survival.22 The ability of
HRS cells to evade the immune response of the host seems to
be mediated through different molecular mechanisms. Besides
loss of MHCI and MHCII expression due to inactivating B2M
mutations or translocations involving the CIITA gene,23,24 HRS
cells are also characterized by high expression of PD-L1
and/or PD-L2 due to chromosomal amplifications affecting
9p24 resulting in binding to PD-1 positive T-cells and subse-
quent T-cell exhaustion most likely explaining the high effica-
cy of checkpoint inhibitors in relapsed/refractory cHL
patients.25-27

In summary, the microenvironment plays an important role in
the pathogenesis of different B-cell malignancies. However,
the exact contribution of individual components needs to be
addressed and defined more precisely in future studies.
Deciphering the exact role of the tumor microenvironment in
the biology of these entities might lead to more specific and
potentially less toxic treatment regimens. 

Table 1. Prognostic impact of microenvironmental factors in B-cell lymphoma.

Lymphoma subtype                 Microenvironmental factor      Prognostic impact

DLBCL                                     Macrophages                            High numbers of macrophages associated with favorable outcome when treated with immunochemotherapy3,4

                                                                                               High numbers of macrophages associated with adverse outcome when treated without rituximab3,4

                                               Treg cells                                    High numbers of Treg cells correlated with favorable outcome in GCB DLBCL/DLBCL3,5-7

                                                                                               High numbers of Treg cells correlated with adverse outcome in non-GCB DLBCL7

Follicular lymphoma                Cytotoxic T-cells                        High numbers of granzyme B+ cells correlated with favorable outcome12

                                                                                               Numbers of CD8+ cells with low PD-1 expression correlated with shorter survival13

                                               Macrophages                            Impact of numbers of macrophages on FL survival controversial; some studies implicated high numbers 
                                                                                               of tumor associated macrophages to be correlated with adverse outcome in FL patients, other analyses 
                                                                                               suggested favorable outcome14-16

Classical Hodgkin lymphoma   Macrophages                            Increased numbers correlated with inferior survival19,20

                                               Non-malignant B-cells               Increased numbers correlated with favorable outcome20,21
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