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Abstract
Purpose of the Review T-cells and natural killer (NK) cells share the same ontogeny, and lymphomas derived from them are
clinically diverse, occurring in nodal and extranodal sites. In addition to inherent properties of these lymphomas, their microen-
vironment also impacts on pathogenesis and response to therapy. An understanding of the milieu of T-cell and NK cell lympho-
mas has important implications on treatment.
Recent Findings Components of the microenvironment include tumour-associated macrophages (TAM), non-neoplastic T-cells
and B-cells, eosinophils, dendritic cells, endothelial cells and blood vessels. TAM typically undergoes M2 polarization, promot-
ing angiogenesis and inhibiting anti-tumour cellular immunity. In lymphomas of follicular helper T-cell derivation, increased B-
cell proliferation occurs, which may in turn enhance neoplastic T-cell growth. The expression of immune checkpoint ligands on
TAM, dendritic cells or lymphoma cells induces an immunosuppressive environment conducive to neoplastic proliferation.
Strategies against this complex cellular and immunologic microenvironment have shown promises. These include the use of
signal transduction inhibitors, monoclonal antibodies against chemokines or non-neoplastic microenvironmental cells, immuno-
modulatory drugs and immune checkpoint blockade. As T-cell and NK cell lymphomas are highly heterogeneous, clinical trials
to demonstrate efficacy of a given therapeutic approach requires careful design aiming at enriching patient populations who will
best respond.
Summary Targeting of the immunologic milieu in T-cell and NK-cell lymphomas offers exciting challenges and opportunities.
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Introduction

T-cells and natural killer (NK) cells share the same ontogeny,
with a lymphoid progenitor common to both lineages [1].
Distinct patterns of transcription factors are involved in line-
age commitment, with expression of NOTCH and RUNX
members required for T-cell development, and expression of
ID2 and E4BP4 required for NK-cell development [1].
Because of common developmental pathways, neoplastic T-

cells and NK cells share many similarities in histopathological
features, treatment approaches and outcome [2].

In the 2017 World Health Organization classification,
lymphomas derived from mature T-cells and NK cells are
grouped into 19 distinct categories (Table 1). Conceptually,
these neoplasms can be considered to be derived from the
innate and adaptive immune systems [3]. The innate immune
system provides the first line of barrier defence against in-
fections. It is generally considered not to possess memory,
and is not target-specific. T-cells expressing γδ T-cell recep-
tor (γδT-cells) and NK cells are considered part of the innate
immune system, and they reside mainly in the skin, mucosal
areas and the reticuloendothelial systems (liver, spleen).
Therefore, lymphomas derived from γδT-cells and NK cells
are mainly extranodal (skin, mucosal surface, liver, spleen).
Interestingly, they also have a propensity to affect children
and younger individuals.
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The adaptive immune system provides immunological de-
fence. It possesses memory and is target-specific. T-cells ex-
pressing the αβ T-cell receptor (αβT-cells) are considered
part of the adaptive immune system, and they reside mainly
in lymph nodes. Therefore, lymphomas deriving from αβ T-
cells are mainly nodal, with the three main types being
angioimmunoblastic T-cell lymphoma (AITL), anaplastic
large cell lymphoma (ALCL) and peripheral T-cell lympho-
ma, not otherwise specified (PTCL-NOS). These lymphomas
occur predominantly in adults, and childhood cases are
exceptional.

Geographical Variations of and Genetic
Susceptibility to T-Cell and NK Cell
Lymphomas

T-cell and NK cell lymphomas are rare as compared with B-
cell lymphomas. Some of them show unique geographic var-
iations. Extranodal NK/T-cell lymphomas have a predilection
for Asian and South American populations [4], and are invari-
ably associated with clonal episomal infection of the neoplas-
tic cells with Epstein-Barr virus (EBV). Recent studies have
shown that susceptibility to NK/T-cell lymphoma may be re-
lated to a genetic polymorphism affecting the peptide-binding

groove of HLA-DPB1, with potential impacts on antigen pre-
sentation and hence clearance of EBV [5]. Similarly, other
EBV-related T-cell lymphomas, including systemic EBV+ T-
cell lymphoma of childhood and hydroa vacciniforme-like
lymphoproliferative disorder, are also more common in these
populations. Whether the same or similar genetic polymor-
phisms may underlie the susceptibility to these lymphomas
requires further investigations.

Adult T-cell leukemia/lymphoma (ATLL) has a distinct
geographic distribution, coinciding with the endemicity of
infection with the human T-lymphotropic virus I (HTLV-1),
which causes the lymphoma. Studies of HLA polymorphisms
have also shown haplotype differences in HLA-A, B and DR
loci that affect the development of ATLL and other complica-
tions of HTLV-1 infection (HTLV-1-associated myelopathy/
tropical spastic paraparesis) [6].

Enteropathy-associated T-cell lymphoma (EATL) is a se-
quel of refractory celiac disease, hence affecting predominant-
ly people of North European descent. HLA is the main genetic
determinant of autoimmunity to gluten, which triggers the
intestinal inflammation. The HLA haplotypes DQ2.5, DQ2.2
and DQ8 are most commonly involved [7, 8]. Pathogenesis is
postulated to be related to inappropriate presentation of
deamidated gluten fragments on HLAD2/8 to CD4+ T-cells,
triggering the autoimmunity [9]. Prolonged stimulation by
CD4+ T-cells towards the resident intraepithelial lymphomas
(αβCD8+ T-cells, considered a special form of innate T-cells)
subsequently leads to the development of EATL.

The common theme of these T-cell lymphomas is a genetic
susceptibility related to inappropriate/abnormal antigen pre-
sentation on HLA molecules, resulting in uncontrolled expan-
sion and neoplastic transformation of T-cells. It underlines the
importance of the immunologic milieu in the pathogenesis of
T-cell lymphoma. Germline predispositions, however, are per-
haps less common and important as compared with distur-
bances in the microenvironment of T-cell lymphomas, which
play a key role in lymphomagenesis.

The Microenvironment of T-Cell Lymphomas

The microenvironment of different T-cell lymphomas varies
in the infiltrating cell types, the composition of the stromal
cells and hence the secreted chemokines and cytokines. Key
constituents of the microenvironment include macrophages,
non-neoplastic T-cells and B-cells, eosinophils, other myeloid
cells, endothelial cells and blood vessels [10•]. Properties of
the lymphomatous T-cells, including inherent genetic alter-
ations, engender the microenvironment. The components of
the microenvironment in turn interact with the lymphomatous
T-cells to enhance their survival. Thus, the lymphomatous T-
cells and their microenvironment together constitute the neo-
plastic phenotype.

Table 1 WHO classification of the T-cell and NK-cell lymphomas

Nodal presentation

• Peripheral T-cell lymphoma, NOS

• Angioimmunoblastic T-cell lymphoma

• Nodal peripheral T-cell lymphoma with T follicular helper phenotype

• Anaplastic large cell lymphoma

Extranodal presentation

• Extranodal NK/T-cell lymphoma, nasal type

• EBV-positive T-cell and NK-cell lymphoproliferative diseases of
childhood

• Enteropathy-associated T-cell lymphoma

• Monomorphic epitheliotropic intestinal T-cell lymphoma

• Hepatosplenic T-cell lymphoma

Cutaneous presentation

• Subcutaneous panniculitis-like T-cell lymphoma

• Mycosis fungoides

• Sezary syndrome

• Primary cutaneous CD30-positive T-cell lymphoproliferative disorders

• Primary cutaneous peripheral T-cell lymphomas

Leukaemic presentation

• Adult T-cell leukaemia/lymphoma

• T-cell prolymphocytic leukaemia

• T-cell large granular lymphocytic leukaemia

• Chronic lymphoproliferative disorder of NK cells

• Aggressive NK-cell leukaemia
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Tumour-Associated Macrophages

Conventionally, macrophages can be dichotomized into two
types. Macrophages that produce pro-inflammatory cytokines
important for immune defence and tumour cell killing are
referred to as M1 macrophages. Alternatively, macrophages
that produce anti-inflammatory cytokines suppress immunity
against infectious agents and tumour cells, and are referred to
as M2 macrophages. M2 macrophages also promote angio-
genesis by secreting vascular endothelial growth factor
(VEGF), thereby promoting tumour progression and metasta-
sis [11]. Furthermore, M2 macrophages secrete interleukin
(IL)-10 and transforming growth factor β (TGF-β), which
upregulate the expression of programmed cell death ligand 1
(PDL1) on themselves in an autocrine fashion [11]. Ligation
of PDL1 with the inhibitory receptor PD1 expressed on effec-
tor T-cells leads to inhibition of T-cell function and hence
immunosuppression in the tumour milieu [11].

Non-Neoplastic Lymphoid Cells

Regulatory T-cells (Tregs) are subsets of CD4-positive T-cells
that suppress the immune response and maintain immune tol-
erance. They characteristically express CD25 and forkhead
box transcription factor FOXP3 [12]. Tregs suppress
immune-mediated anti-tumour activities, downregulate the in-
flammatory response in the microenvironment and reduce the
efficacy of immunotherapy and cancer vaccines [13].

Non-neoplastic B-cells may be found in T-cell lymphomas,
particularly those of follicular helper T-cell (TFH) phenotype
[14•]. These non-neoplastic B-cells may be EBV-infected. B-
cells express inducible costimulator (ICOS) ligand, which on
ligation with ICOS expressed on T-cells results in induction of
the transcriptional repressor BCL6 that is crucial for TFH dif-
ferentiation [15]. Therefore, B-cells are integral to the devel-
opment of T-cell lymphomas of the TFH phenotype.

Eosinophils

Eosinophils are found in different types of T-cell lymphomas,
including AITL and cutaneous T-cell lymphomas (CTCL),
particularly mycosis fungoides (MF). Eosinophils secrete a
variety of cytokines, including IL-4, IL-10 and IL-13 [16],
which induce alternative M2 macrophage polarization, there-
by promoting tumour progression.

Endothelial Cells and Blood Vessels

Vascular arborization and prominent proliferation of high-
endothelial venules are typical histologic features of AITL.

Increased angiogenesis is conducive to tumour progression
and metastasis. By presenting a complex system of
chemokines, vascular endothelial cells provide a docking sys-
tem for lymphoma cells, leading to their diapedesis across
blood vessels and hence systemic dissemination [17].

Properties of Neoplastic T-Cells that
Determine the Lymphoma Microenvironment

The putative cell of origin and the genetic alterations of T-
cell lymphomas play critical roles in determining the lym-
phoma microenvironment. AITL is derived putatively
from TFH cells [18]. TFH cells secrete a variety of cyto-
kines and chemokines, including CXCL13 (chemotactic
for B-cells), VEGF (endothelial cell proliferation and vas-
cular arborization), IL-5 (eosinophilic proliferation), and
IL-10 and TGF-β (suppression of other effector T-cell
function) [14•]. Expression of CXCL13 is of special in-
terest, because B-cells attracted to the vicinity express
ICOS-L, which by binding to ICOS on TFH cells provide
a positive-feedback enhancement of lymphoma growth.
Mutations of the TET2, IDH2 and DNMT3 genes are fre-
quent in AITL [18]. It has recently been shown in some
cases of AITL that B-cells harbour TET2 mutations iden-
tical to those of the neoplastic T-cells [19], suggesting a
more complex interaction of the lymphoma with its mi-
croenvironment, some components of which might even
be derived from common neoplastic progenitors.

In PTCL-NOS, expression of the T-cell transcriptional fac-
tor GATA-binding protein 3 (GATA-3) occurs in about 45% of
cases [20••]. GATA-3 regulates the production of T helper
(Th)-2 associated cytokines and IL-10, which promote alter-
native M2 macrophage polarization. PTCL with GATA-3 ex-
pression is therefore associated with a microenvironment that
promotes tumour proliferation. Accordingly, amongst PTCL-
NOS, those expressing GATA-3 have an inferior prognosis
[20••].

ALCL with the NPM-ALK fusion gene has distinctive clin-
icopathological features. The NPM-ALK protein is a multi-
functional oncoprotein, with signal transducer and activator of
transcription 3 (STAT3) being its important downstream me-
diator. NPM-ALK induces via STAT3 the expression of IL-10
and TGF-β, and the expression of PDL1 on lymphoma cells,
[21], resulting in an immunosuppressive microenvironment.
Acting via hypoxia-inducible factor 1-alpha (HIF-1α), NPM-
ALK also induces VEGF expression and hence vascular pro-
liferation, thus increasing tumour growth and metastasis.

The most common form of cutaneous T-cell lymphoma
(CTCL) is MF, derived putatively from non-recirculating skin
resident effector memory T-cells [22]. Sezary syndrome (SS)
is another similar but distinct lymphoma, deriving putatively
from central memory T-cells [22]. MF cells have lost the

Curr Hematol Malig Rep (2018) 13:37–43 39



molecules C-C chemokine receptor 7 (CCR7) and CD62L that
are required to exit high endothelial venules, but express
CCR4 and cutaneous lymphocyte-associated antigen (CLA),
which are skin-homing molecules. This pattern of antigen
expression results in MF cells localizing to the skin. On the
other hand, SS cells express strongly CCR7 and CD62L, con-
sistent with their central memory T-cell and circulating nature.
However, expression of chemokine receptors changes with
disease state. In disseminated MF, lymphoma cells acquire
CCR7, whereas in SS with skin involvement, CCR4 is
expressed. In the skin lesions of MF and SS, lymphoma cells
may display FOXP3+ Treg, Th2 or Th17 phenotypes. With
the FOXp3+Treg phenotype, IL-10 and TCG-β are produced,
whereas with the Th2 phenotype, IL-10 and IL-13 are pro-
duced. In both states, an immunosuppressive microenviron-
ment is produced. Furthermore, the pathogenesis of CTCL is
regarded to involve prolonged antigen stimulation. Therefore,
infiltrating effector T-cells in these skin lesions might exhibit
an “exhausted” phenotype, involving the expression of im-
mune checkpoint proteins that impair their cytotoxic function
[23].

In EBV-infected lymphomas where immunogenic EBV-
associated antigens are expressed, a potential escape mecha-
nism from T-cell immunosurveillance is by expression of
PDL1, which interacts with the immune checkpoint PD1 on
effector T-cells to inhibit their function [24]. In EBV+ T-cell
lymphomas, typically NK/T-cell lymphomas, PDL1 is con-
firmed to be highly expressed [25, 26], suggesting that lym-
phoma cells induce an immunosuppressive microenvironment
beneficial to their survival.

Microenvironmental Factors Affecting
Lymphoma Survival

TAMs play a key role in the lymphoma milieu. Alternative
M2 macrophage polarization occurs to the majority of TAMs
in PTCL-NOS, AITL, MF and ATLL [27, 28]. Important pro-
lymphoma survival consequences include tissue matrix re-
modelling, angiogenesis and expression of PDL1. Similarly,
in gene expression profiling studies, PTCL with a monocytic
gene-expression signature had significantly inferior prognosis
[29], confirming TAMs to be an important element impacting
on outcome.

In most T-cell lymphomas, there is infiltration by non-
neoplastic T-cells. A relevant issue is the pathogenetic part
these non-neoplastic T-cells play. Effector T-cells interact with
TAM and dendritic cells, which act as antigen-presenting
cells. An emerging and recurring theme is that the lymphoma
microenvironment is immunosuppressive. This involves the
expression on TAMs, dendritic cells and other myeloid cells
of ligands for inhibitory receptors on effector T-cells. These
ligands include PDL1, cytotoxic T-lymphocyte-associated

antigen 4 (CTLA-4), lymphocyte-activation gene 3 (LAG-3)
and T-cell immunoglobulin and mucin domain 3 (TIM-3)
[30]. These immune checkpoint proteins are dynamically
expressed, and may be regulated by Th2 cells, M2 macro-
phages and STAT signaling [30]. Immune checkpoint axes
are particularly relevant in T-cell lymphomas with a rich
non-neoplastic cellular infiltration, such as AITL and NK/T-
cell lymphomas.

Therapeutic Targeting
of theMicroenvironment in T-Cell and NK-Cell
Lymphomas

Treatment outcome of T-cell and NK-cell lymphoma remains
unsatisfactory in comparison with B-cell lymphomas. While
chemotherapy targets the neoplastic cells, it does not affect the
microenvironment to a significant extent. Hence, innovative
treatment strategies targeting the lymphoma microenviron-
ment have been explored (Table 2).

Alternatively M2 polarized TAMs have been proposed as a
therapeutic target. Depletion of TAMs led to growth inhibition
of a murine model of CTCL, underscoring the importance of
these cells in lymphoma survival [31]. An important mecha-
nism of alternative M2 polarization involves IL-10 induced
JAK/STAT signalling. Suppression of JAK/STAT signalling
with the JAK inhibitor ruxolitinib suppressedM2 polarization
ex vivo [20••]. Furthermore, aberrant JAK/STAT signalling is
involved in many T-cell lymphomas [32], even in the absence
of mutations of the components of the JAK/STAT pathway
[33]. Therefore, JAK/STAT targeting is a plausible approach
in T-cell lymphoma and requires further investigations.

T-cell lymphomas derived from TFH, with AITL being the
most common, have the richest microenvironment that com-
prises many different cell types. In view of the interaction
between B-cells and TFH cells, targeting of the B-cells with
the anti-CD20 antibody rituximab had been tested in AITL
[34]. No beneficial effect was observed, suggesting the mere
targeting of B-cells to be ineffective. However, the immuno-
modulatory agent lenalidomide exerts pleiotropic effects on
the lymphoma microenvironment, including decreasing Th2
cells, reducing Tregs, suppressing angiogenesis and expan-
sion of cytotoxic T-cells [35]. Accordingly, in clinical trials
of lenalidomide in relapsed/refractory patients with T-cell
lymphomas, AITL appeared to be the most responsive [36].
Lenalidomide was also effective in some cases of relapsed/
refractory CTCL [37]. The exact mechanisms of how
lenalidomide works in these T-cell lymphomas remain to be
elucidated.

Targeting of angiogenesis with the anti-VEGF antibody
bevacizumab has been reported anecdotally to be effective in
AITL [38, 39]. However, in an unselected cohort of patients
with T-cell and NK-cell lymphomas, addition of bevacizumab
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to conventional chemotherapy failed to show additional ben-
efits [40]. Enrichment of patient populations with T-cell lym-
phomas showing prominent angiogenesis might be needed in
future trials of bevacizumab to investigate its efficacy.

Owing to the critical role CCR4 plays in CTCL, the anti-
CCR4 antibody mogamulizumab has been investigated in
CTCL and other T-cell lymphomas expressing this chemokine
receptor. Preliminary results showed favourable responses
[41, 42]. Because FOXP3+ Tregs also express CCR4, their
depletion in the lymphoma microenvironment during
mogamulizumab therapy may also explain in part the re-
sponses observed [43]. Future studies should be directed in
defining the patient populations with T-cell lymphomas who
will benefit most from mogamulizumab.

Immune Checkpoint Blockade in T-Cell
and NK-Cell Lymphomas

Immune checkpoint blockade has assumed a pole position in
cancer immunotherapy, due largely to its success in solid tu-
mours. Owing to the presence of TAMs, dendritic cells and
other myeloid cells in the T-cell lymphoma microenviron-
ment, which might express PDL1, TIM3 and LAG3 [30],
immune checkpoint blockade is an attractive strategy in these
malignancies.

In a small unselected cohort of 23 patients with relapsed/
refractory T-cell lymphomas, blockade of PD1 with the anti-
PD1 antibody nivolumab only resulted in an overall response
rate (ORR) of 17%, without the achievement of complete

response (CR) [44]. It is unknown if PDL1 was expressed in
all these cases, either on the lymphoma cells or cells in the
lymphoma microenvironment. Therefore, although the results
were only very modest, further enrichment of patients with
PDL1-expressing T-cell lymphomas, either on the neoplastic
cells or in the microenvironment, is needed.

The success of this approach of patient enrichment was
illustrated in a recent study of patients with relapsed/
refractory NK/T-cell lymphomas. Because these lymphomas
are EBV+, PDL1 is upregulated on the lymphoma cells [24,
25]. In seven patients who had failed multiple lines of therapy
including allogeneic haematopoietic stem cell transplantation,
treatment with the anti-PD1 antibody pembrolizumab resulted
in an ORR of 100%, and a CR rate of 71% after a median
follow up of 6 months [47]. Immunohistochemistry study
showed strong PDL1 staining in four patients, three of whom
achieved CR, suggesting PDL1 to be an important predictive
biomarker of response. Blockade of PD1 with nivolumab ap-
peared also effective anecdotally in NK/T-cell lymphomas
[45]. These results show that patient selection is of paramount
importance in demonstrating therapeutic efficacy of immune
checkpoint blockade in T-cell and NK-cell lymphomas.

The success of immune checkpoint targeting relies on
blockade of PD1 on effector T-cells, in order to elicit an
anti-lymphoma effect. However, PD1 may also be expressed
on the neoplastic T-cells, especially those of TFH derivation.
Recently, PD1 has been observed to be a haploinsufficient
suppressor of T-cell lymphomagenesis in a murine T-cell lym-
phoma model [46]. Therefore, the effect of PD1 blockade
might have unexpected results in T-cell lymphomas, which

Table 2 Therapeutic targeting of the lymphoma milieu in T-cell and NK cell lymphomas

Components in
microenvironment

Targets Therapeutic agentsa Expected outcomes

Tumour-associated macrophages

JAK/STAT signalling JAK inhibitors: ruxolitinib Suppression of M2 polarization

Immune checkpoint ligands (PDL1, TIM3,
LAG3)

Specific anti-ligand antibodies Immune checkpoint blockade

Non-neoplastic B-cells

CD20 Anti-CD20 antibodies:
rituximab, obinutuzumab

Depletion of B-cells and their stimulation of
follicular helper T-cells

Non-neoplastic T-cells

T regulatory cells (Treg) Immunomodulatory drugs:
lenalidomide

Antibodies: mogamulizumab
(anti-CCR4)

Suppression of Tregs, restoration of
anti-lymphoma immunity

“Exhausted” effector T-cells expressing
immune checkpoint receptors

Anti-PD1 antibodies:
pembrolizumab, nivolumab

Restoration of effector T-cell function against
tumour-associated antigens

Vascular endothelial cells

Vascular endothelial growth factor (VEGF) Anti-VEGF antibodies

Immunomodulatory drugs:
lenalidomide

Suppression of angiogenesis

a Examples of drugs include only those that are in clinical use
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are highly heterogeneous, and more experimental and clinical
investigations are needed.

Conclusions and Future Directions

Significant advances have been made in defining the genomic
alterations in T-cell lymphomas, and how these changes result
in oncogenesis. However, how the microenvironment impacts
on T-cell lymphomagenesis is relatively less understood. The
definition of HLA-related genetic susceptibility to certain
types of T-cell and NK cell lymphomas offers the chance of
prevention if approach strategies can be formulated. The avail-
ability of novel drugs that target both the cellular and cytokine
milieu should provide impetus for detailed research in these
areas. It is, moreover, imperative that clinical studies be me-
ticulously designed with selection of appropriate patients, so
that therapeutic benefits can be demonstrated.
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