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Tumors cannot be considered as consisting simply
of tumor cells. The intimate relationship
between the tumor microenvironment and neo-

plastic cells implies a dynamic cross-talk in which
tumor cells may give and receive instructions through a
complex system with at least three important function-
al and structural components: the extracellular matrix,
stromal cells and the immune response. In the last few
years, it has been shown that there are specific patterns
of immune response in lymphoproliferative syn-
dromes.1 These patterns are regulated by microenviron-
mental effects on tumoral cells, appear related to the
clinicopathological features of the disease and consti-
tute prognostic and follow-up indicators. They repre-
sent the rationale for new therapies based on the action
of the immune system and immunotherapies designed
to induce sustained antitumoral immunity. In addition,
indirect effects of the immune response, such as elimi-
nating bacteria or viruses from the lymphoma environ-
ment, may stop tumor  growth.

Follicular lymphoma (FL) is the prototype of indolent
lymphoma, a slow growing lymphoma arising from
follicular center B cells with a scarce tendency to invade
to non-lymphoid tissues and a protracted clinical
course. In physiological conditions, the stable forma-
tion of germinal centers requires the presence of func-
tionally specialized T cells, dendritic and stromal cell
subpopulations. FL is recognized as a disease of func-
tional B cells in which T-cell co-stimulation is essential
for the maintenance and ongoing development of B-cell
secondary follicles. Evaluation of the large amount of
genetic data concerning tumor cells of FL has focused

increasing interest on the reactive microenvironment,
whereas it seems that there are not different molecular
signatures of tumor cells for the different histological
grades of FL. In 70-90% of cases, the neoplastic B cells
are characterized by the t(14;18) (q32;p21) transloca-
tion. As a result of this genomic event, the expression
of the anti-apoptotic BCL2 gene is controlled by the
immunoglobulin (Ig) enhancer leading to an overex-
pression of the anti-apoptotic BCL-2 protein. However,
the acquisition of this genomic alteration has also been
observed in more than 50% of normal individuals sug-
gesting that there are other mechanisms involved in the
development, growth and progression of the tumor.2

Interestingly, 15% of patients with FL have objective
tumor regression in the absence of any antitumoral
therapy. Data indicate that an effective immune
response would involve both the tumor and the main
histopathological and clinicobiological features.

Tumor transformation and development of unre-
sponsiveness to standard chemotherapy or immuno-
chemotherapy regimens in the course of FL represent
the main causes of death in patients with this lym-
phoma. Anticancer immune responses may contribute
to controlling the tumor after conventional chemother-
apy. The importance of treatment as a prognostic vari-
able in FL is currently masked by the fact that pub-
lished studies include FL patients treated with marked-
ly different regimens. Due to their specific targeting of
some immune cells, chemotherapeutic agents may
influence the prognostic impact of the different
immune signatures present in FL, as suggested interest-
ingly in the study by de Jong and colleagues published
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in this issue of the journal.3 In their study, de Jong et al.
found that the tumor microenvironment, but not the
tumor cells, was the fundamental key to choosing the
most appropriate chemotherapeutic regimen.

Prominent immune components of the follicular 
lymphoma microenvironment 

The simple histological observation of the existence
of different subpopulations of immune/inflammatory
cells infiltrated in the tumor transmits the idea that the
local tumor microenvironment is an important modula-
tor of ongoing tumor-specific immune responses.
Tumor-infiltrating leukocytes may act against the tumor
through their multiple cytokines, but can also facilitate
tumor cell growth secreting growth factors, reactive
oxygen species, proteases, prostaglandins and angio-
genic growth factors. Macrophages may either exhibit
antitumor cytotoxic activity or facilitate cell tumor
growth and progression. Other cells of the myeloid lin-
eage, such as mast cells, can promote growth, vascular-
ization and dissemination of tumors.

There are positive relationships between most of the
cell types present in the reactive microenvironment of
FL.4 The level of CD4+ T lymphocytes appears to be cor-
related with the level of CD8+ T lymphocytes, forkhead
box protein 3 (FOXP3+) regulatory T cells, and CD57+

cells. The number of infiltrated CD8+ T lymphocytes
has been correlated with the number of CD57+ cells,
CD68+ macrophages, and CD123+ plasmacytoid cells.
The quantity of TIA-1+ cells was correlated with the
principal infiltrated cells with cytotoxic activity, such as
CD8+ T lymphocytes, CD68+ macrophages, and
CD123+ plasmacytoid cells (Figure 1). These positive
relationships between the different immune subpopula-

tions underline a positive balance between specific
(CD4+ and CD8+ T lymphocytes) and non-specific
(CD57+ and CD68+ cells) immunity, showing that the
entire immune response constitutes a coordinated and
global mechanism in each tumor and each patient.

In FL, previous original data from gene expression
profiling analyses have been confirmed by immunohis-
tochemical and flow cytometry studies, showing the in
loco presence of the main components of the anti-tumor
immune response in FL, such as specific CD4+ T-helper
lymphocytes5-7 and cytotoxic cells including CD8+ T
lymphocytes4,8 and CD68+ macrophages.9,10 Others stud-
ies have also highlighted the presence of specific CD57+

T-helper cells,4,5 signal transducer and activator of tran-
scription 1 (STAT-1)-positive tumor-associated macro-
phages10 and FOXP3+ regulatory T cells.6,7 A high level of
CD4+ T lymphocytes was significantly associated with
overall survival in some cases,6 but others studies found
no effect.7 The number of CD8+ T lymphocytes was
found to be associated with overall survival and dis-
ease-free survival4,8 but with discrepancies between the
studies. FOXP3+ expression pattern has been suggested
to be associated with poor survival,11 but also with a
favorable outcome.6,7 The presence of CD68+ lym-
phoma-associated macrophages was associated with an
adverse overall survival and/or progression-free survival
in a selected group of FL patients.9,11 A subset of these
macrophages expressing STAT-1 was further character-
ized as being predominantly associated with poor sur-
vival.10 Despite some contradictory results, the histolog-
ical distribution and the level of these immune response
cells appear to be significantly associated with the out-
come of FL patients.

The explanation of some of the contradictions proba-

Figure 1. Positive relationship between spe-
cific and non-specific cell-mediated immunity
in FL. The broken arrow (|→) indicates an
association with an inhibitory effect, while
single-headed arrows (←) show a positive
correlation, and double-headed arrows (↔)
show a positive mutual correlation (reprinted
with the permission of the Journal of Clinical
Oncology).4
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bly lies in the differences in the methodological
approaches used as well as the cell populations and
their location relative to the malignant follicle.
However, the different therapies used in various
cohorts of FL patients in these studies may also have
had different impacts on cells within the tumor
microenvironment so that all these studies will need to
be revisited in the current era of therapy.12,13 The study
by de Jong and colleagues supports this idea and shows
that the specific microenvironment in FL is so impor-
tant that in determines different responses to the differ-
ent chemotherapeutic agents received by the patients.

Regulatory and dysfunctional immune patterns 
in follicular lymphoma 

Although an immune response in the tumor may pre-
vent tumor outgrowth, cancer cells can escape both
innate and adaptive immune responses by selection of
non-immunogenic tumor cell variants (immuno-edit-
ing) or by active suppression of the immune response
(immuno-suppression).

Dysfunctional immune profiles observed in the tumor
microenvironment of FL have been described to be relat-
ed to the presence of some specific subsets of immune
cells. Indeed, there is an increasing body of evidence
pointing towards a subset of CD57+ T cells as being an
indicator of general immune dysfunction. CD57,
expressed on a subset of T cells known as natural killer
(NK) cells, is a marker of one of the major effector cell
populations in cellular cytotoxicity achieved through
cytotoxic T-lymphocytes. In FL, CD57+ cells could
diminish specific T-cell responses and, therefore, lead to
more aggressive tumor behavior.4

The population of “naturally occurring” FOXP3+

CD4+CD25+ regulatory T cells seems to be able to
reduce tumor-driven immune suppression with clinical
benefit for these patients.7 The favorable clinical impact
of a high number of these regulatory T cells may be due
to a direct inhibitory effect on neoplastic B cells and/or
an indirect effect on the reactive immune subpopula-
tions. The function of these cells could differ fundamen-
tally between lymphoid malignancies and epithelial car-
cinomas.14 Autologous FOXP3+ regulatory T cells
derived from the lymph nodes of patients with FL may
induce hyporesponsiveness of CD8+ T effector cells
present in FL tumors. These FL tumor B cells can stimu-
late T-cell receptors of CD4+ T cells present in the
microenvironment and induce these conventional T
cells to express FOXP3 and to acquire regulatory func-
tion.15 So, in FL, not only does the immune system affect
the tumor cells but the tumor cells may also affect the
immune system, promoting immune escape.

Dysfunctional immune profiles in the tumor
microenvironment of FL can also lead to reprogrammed
immune cells such as tumor-associated macrophages.
The dual nature of the polarized M1 and M2
macrophages implies differences that may be exhibited
as either antitumor cytotoxic activity or facilitated
tumor growth and progression.16 The evaluation of spe-
cific subsets of activated tumor-associated
macrophages (STAT-1-positive) demonstrated an
adverse impact of these cells on the global survival of
FL patients.10 These tumor-associated macrophages
have been considered as prototypic M2 polarized
macrophages reprogrammed to induce in situ immune
suppression of host defenses, through T-cell deletion in
the tumor site dependent on STAT-1 signaling.
Recently, the adverse prognostic effect of tumor-associ-

Figure 2. Representation of the two immune patterns observed in FL patients significantly associated with their clinicobiological fea-
tures. The immunosurveillance pattern (predominantly T lymphocytes and macrophages) is associated with grade 3 FL and an indolent
clinical behavior. The immune-escape pattern (predominantly CD57+ T cells) is associated with low-grade FL and with an aggressive clin-
ical behavior (reprinted with the permission of the Journal of Clinical Oncology).4
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ated macrophages in FL patients was demonstrated to
be circumvented by the addition of rituximab to treat-
ment.12,13 Finally, follicular dendritic cells are able to
avoid the spontaneous apoptosis of FL tumoral B cells
preventing the activation of different caspases.17

Implications of microenvironmental patterns in the
clinicobiological behavior of follicular lymphoma 

As demonstrated in various studies, the clinicobiolog-
ical course of FL is influenced by interactions between
the tumor cells and the functional composition of the
immune microenvironment.

Patients with a very low number of regulatory T cells
had a high-risk Follicular Lymphoma International
Prognostic Index (FLIPI) score and also more frequently
had refractory disease (failure of first-line treatment).7 In
a large and representative cohort of FL patients, signifi-
cant differences were found in host immune response
between patients whose disease was indolent and those
whose lymphoma had an aggressive clinical course.4 The
group of FL patients with indolent disease had an
immunosurveillance pattern of immune response with
more infiltrated T lymphocytes and macrophages in the
microenvironment of the tumor, a low performance sta-
tus, absence of B symptoms, absence of bone marrow
involvement, low number of nodal sites (≤4), low Ann
Arbor stage and low-risk FLIPI score (Figure 2). The inva-
sive potential of FL also appeared to be related to the
number of certain components of the immune infiltrate
such as CD68+ macrophages and CD57+ cells.4 Although
the histological grade was not significantly associated
with the FL patients’ survival, this study revealed a sta-
tistically significant lesser infiltration of CD68+

macrophages but also a greater infiltration of CD57+

cells in patients with low-grade (1-2) FL as compared to
in patients with grade 3 FL. The apparently paradoxical
observation that patients with low-grade FL have more
extensive tumor cell trafficking among FL follicles during
clonal expansion18,19 appears in agreement with these
results, since patients with grade 1 and 2 FL show a sig-
nificantly higher percentage of B symptoms and bone
marrow involvement than those with grade 3.4

Considering the results obtained in these different
immunohistochemical studies, the host response in FL
could be represented by two immune patterns signifi-
cantly associated with the clinicobiological features: an
immunosurveillance pattern associated with an indolent
clinical behavior and an immune escape pattern associ-
ated with an aggressive clinical behavior. In these pat-
terns, the non-specific inflammatory infiltrate seems to
be mainly involved in the control of growth and expan-
sion of tumor cells whereas the specific immune infil-
trate seems to be principally involved in the host
immune response against the tumor and the main clini-
cal features. Both systems seem to be directly associated
with the capacity to disseminate tumoral cells.

Prognostic implications of the follicular lymphoma
microenvironment 

The outcome in FL can be explained by the different
immune patterns of the host microenvironment, which
suppress or stimulate FL tumor cells. The significant pos-

itive relationship between the different immune cell
subpopulations4 implies that FL is an immunologically
functional disease. Specific patterns including a dense,
reactive infiltrate of T cells, regulatory T cells and
macrophages predict a favorable outcome whereas pat-
terns formed from CD57+ NK cells and activated
macrophages are associated with the opposite outcome.

This pattern could be indicative of some functional
alterations, so not only the quantitative but also the
qualitative and functional aspects of these cells must be
considered. The immune switch between macrophages
and a T-cell-dominant response could be the signal pre-
dictive of outcome in FL patients.20 Thus, an emerging
focus of attention is the relationship between the anti-
cancer immune response and therapeutic success. The
results obtained by de Jong and colleagues demonstrate
that the therapeutic management can have an impact on
prognosis in FL depending on the specific treatment pro-
tocols chosen according to the type of tumor microenvi-
ronment. This study represents an important step for-
ward in the understanding of the contribution of antitu-
mor immune responses to the therapeutic management
of FL. Furthermore, if these findings are confirmed, the
knowledge of specific markers would not only have
prognostic significance but would also predict the suc-
cess or lack of response to some treatments. In addition,
these findings probably explain the very conflicting
results in the scientific literature on immunohistochemi-
cal markers and their prognostic values.

Chemotherapeutic regimens and the tumor
microenvironment in follicular lymphoma 

The immune system can have a protective role
(tumor-inhibiting) but also a tumor-promoting role in
which therapy can make the difference. The efficacy of
the immune system in combatting tumors does not
depend only on the presence or absence of an immune
reaction since some non-protective immune reactions
not only result in the absence of protection, but may also
exacerbate tumor growth. Subtle changes in the balance
can be amplifies, so that a minimal stimulus in the initial
phase of the response can induce very different results.21

In the search for new modalities of cancer treatment,
the induction of a potent and specific immune response
by the innate and/or acquired immune system has been
described as a logical and reasonable strategy for con-
trolling tumor evolution. Various, different approaches
to induce such a response in FL have been evaluated in
clinical trials. These strategies included providing anti-
gen to the immune system of FL patient by vaccination,
providing co-stimulatory signals on tumor cells, induc-
ing cell death through cytototoxic drugs, sustaining
immune effectors with NK cells, NK T cells or dendritic
cell adjuvant, and improving the efficiency of cross-
priming.22 Data from pre-clinical and early clinical vacci-
nation studies provided insight into the mechanisms of
interactions between effectors and tumor cells, raising
some optimism regarding the treatment of FL.23

Successful anti-idiotypic or DNA/viral vaccines immuni-
ty requires the function of both the humoral and cellular
arms of the immune response. The wide range of other
treatments able to produce tumor regression in FL
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includes cytokines such as interferon-α; monoclonal
antibodies directed against cell surface molecules such
as Ig and CD20; and targeted therapies that interfere
with cell functions such as antisense RNA to BCL-2 and
the proteosome inhibitor bortezomib.

Currently, both passive and active immunotherapies
are being tested, either individually or, more frequently,
in combination with standard or high-dose chemother-
apy. The need to re-evaluate the immunosuppressive
side effects of massive chemotherapy and the modula-
tion of the prognostic impact of potential prognostic
markers by chemotherapy is now well-established.
Prospective trials evaluating local immune responses
would be very important to determine whether the
anticancer immune response dictates long-term thera-
peutic success. 

In this issue of the Journal, de Jong and colleagues
present the results of an immunohistochemical study in
which they aimed to evaluate the prognostic signifi-
cance of the tumor microenvironment in 61 FL patients,
comparing those treated with fludarabine to those treat-
ed with cyclophosphamide, vincristine and prednisone
(CVP). FL has a widely variable clinical course and the
prognostic role of immunohistochemical markers of the
microenviroment is highly conflicting. De Jong and col-
leagues found that identical immune patterns had differ-
ent prognostic significances depending on the
chemotherapy regimen received by the patients: FL
with a complete, dense microenvironment with many
macrophages, FOXP3+ regulatory T cells and CD23+ fol-
licular dendritic cells had a more favorable outcome
after CVP treatment, while the same microenvironmen-
tal characteristics were associated with a poor outcome
after treatment with fludarabine. The authors highlight-
ed the direct action of some chemotherapeutic drugs on
immune cells to explain these differences.

Although the great majority of anticancer drugs are
directed only against tumor cells, many have additional
effects on the immune system which may contribute to
their therapeutic efficacy. Some agents, such as
cyclophosphamide and fludarabine, can at least partial-
ly deplete or transiently inactivate tumor-protective reg-
ulatory T cells.22 Moreover, metronomic cyclophos-
phamide has been demonstrated to restore the prolifer-
ative capacity of effector T cells as well as the cytotoxi-
city of NK cells.24 Some anticancer therapeutic agents,
such as anthracyclines (e.g. doxorubicin), can also stress
tumor cells in such a way that these cells become
immunogenic and sensitive to lysis.25 On the other
hand, data from a large cohort of patients treated
homogenously with cyclophosphamide, doxorubicin,
vincristine, and prednisone (CHOP) indicated that  the
addition of rituximab (R-CHOP) to this chemotherapy
regimen reverses the negative prognostic effect of a high
content of tumor-associated macrophages.12,13

The impact of conventional chemotherapy could also
differ depending on the precise moment of the adminis-
tration during the evolution of the tumor. Therapy
applied during the tumor escape phase not only affects
the tumor but also modulates the intrinsic relationship
between tumor cells and the immune system, inhibiting
suppressive mechanisms of tumor-induced tolerance,

boosting T and/or B cells, or stressings tumor cells in
such a way that they become immunogenic and sensi-
tive to lysis.22 The simple reduction of tumor mass by
chemotherapy may also reduce the tumor’s immuno-
suppressive properties, reversing tumor-induced
immune tolerance and restoring the antibody- and cell-
mediated immune responses.26 Furthermore, by enforc-
ing the selection of chemotherapy-resistant tumor cells
and by causing additional mutations, therapy can
induce the expression of new tumor antigens.

Conclusions
The characteristics of the microenvironment in FL

determine the responses to different chemotherapeutic
regimens. The same patterns of immune response
appear to be related to different outcomes in FL patients
treated with CVP or fludarabine. Interestingly, these
immune cells (macrophages and regulatory T cells) are
specific targets of chemotherapeutic drugs such as
cyclophosphamide and fludarabine. Chemotherapy can
interact with the immune system via a direct effect on
immune effectors or regulatory mechanisms or indirect-
ly, by causing lymphopenia. The subsequent homeosta-
tic proliferation of immune effectors may reset the rela-
tionship between the tumor and the immune system to
an active anticancer response. In these conditions, alter-
ations of immune system function may be implicated in
the etiology, the response to treatment and the evolu-
tion of FL.

Considering chemotherapy as an example of
immunotherapy and the possible influence of treatment
on the predictive value of the immune microenviron-
ment strengthen and confirm the rationale of clinical tri-
als evaluating and possibly increasing the contribution
of antitumor immune responses to the chemotherapeu-
tic management of FL. It is not the molecular anomalies
but the specific patterns of immune response that have
predictive values, as showed by genetic and immuno-
histochemical data. While immunosurveillance patterns
have been related to the main clinicobiological features
of FL, immune escape patterns would be principally
involved in the control of growth and expansion of
tumor cells. Results of several lines of investigations
have highlighted that FL is an immunologically func-
tional disease in which an active interaction between
tumor cells and the functional composition of the
microenvironment determines the clinical behavior,
prognosis and response to specific treatment protocols.

Dr. Tomás Álvaro was supported by grant from the
Ministerio de Sanidad y Consumo, Spain (FIS 05/0474).
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