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Abstract

Innate and adaptive immune cells within the microenvironment identify and eliminate cells 

displaying signs of malignant potential. Immunosurveillance effector Natural Killer (NK) cells 

and Cytotoxic T Lymphocyte (CTLs) identify malignant cells through germline receptors such as 

NKG2D and in the case of CTLs, presentation of antigen through the T cell receptor. 

Manipulation of immunosurveillance through altered tumor-identifying ligand expression or 

secretion, resistance to cytotoxicity, or compromised cytotoxic cell activity through immune 

tolerance mechanisms all contribute to failure of these systems to prevent cancer development. 

This review examines the diverse mechanisms by which alterations in the immune 

microenvironment can promote lymphomagenesis.
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Introduction

Through intrinsic cell mechanisms and the innate and adaptive immune system, the body has 

evolved a diverse array of defences protecting against errors within our own cells that may 

lead to oncogenic transformation. The immune system provides constant surveillance and 

editing out of cells it recognises as potentially malignant. Many interdependent layers and 

systems are involved in this process with the innate and adaptive immune systems working 

in concert. The most important effector cells in this process are innate Natural Killer (NK) 

cells relying on germ line receptors to recognise malignant cells and adaptive Cytotoxic T 

Lymphocytes (CTL) which use a combination of germline receptors and the V(D)J 

rearranged T cell receptor (TcR). However, the effectiveness of these cells’ antitumor effect 
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is mediated by their ability to recognise tumor and the action of other immune cells within 

the microenvironment; amplifying or suppressing the immune response and in some cases 

active contributing to lymphomagenesis.

Cytotoxic effector cells play a central role in tumor immunosurveillance

Intrinsic mechanisms highlight potentially malignant cells to the immune system

Intrinsic safety mechanisms identify cells displaying malignant characteristics to the 

immune system. These mechanisms lead to tumor-associated antigen displayed upon cell 

major histocompatibility complexes (MHC) class I molecules and expression of MHC-

related ligands allowing recognition by immune cells. These MHC-related ligands are 

poorly expressed on healthy cells but are frequently upregulated on tumor cells and play an 

important role in the immune recognition of malignancy.[1] NKG2D is a germline-encoded 

receptor which is stimulated by the upregulated MHC-related ligands and plays an important 

role, most significantly in NK-mediated immunosurveillance. It is expressed on NK cells, 

some activated CD8+ T cells, γδ T cells, NKT cells and certain CD4+ T cells. Excessive 

proliferation, mediated by control mechanisms protecting cells where proliferation is 

desirable, leads to upregulation of NKG2D ligands (NKG2D-L) and acquired sensitivity to 

NKG2D-dependent NK-mediated killing.[1, 2] Other triggers for NGK2D-L upregulation 

include oncogene-induced senescence and DNA damage repair mechanisms (reviewed [1]).

DNA damage is an important trigger for the upregulation of NKG2D ligands. When DNA 

damage occurs, protective mechanisms within the cell arrest the cell cycle and attempt to 

repair it. If the damage is irreparable the cell initiates p53-family mediated apoptotic cell 

death. [3] Cells undergoing DNA repair also generate signals highlighting that the cell has 

sustained damage; expression of ligands activating NKG2D and other receptors including 

DNAM-1, release of chemokines and release of damage-associated molecular pattern 

molecules (DAMPs).[4] (Figure 1) In Eμ-myc mouse models, inhibition of Ataxia 

Telangiectasia mutated protein kinase (ATM)-mediated DNA Damage Repair mechanisms 

has been shown to impair tumor immune control in a process that is dependent upon the 

presence of NK cells, CD4+ T lymphocytes and CD8+ CTLs.[3] DNAM-1 ligand (CD155) 

is upregulated on malignant cells in an ATM-dependent manner and inhibition of DNAM-1 

impaired tumor control. Additionally, after initial tumor regression, malignant cells showed 

increased expression of NKG2D ligands.[3] A second study examining the Eμ-myc mouse 

model found early NKG2D-L upregulation upon lymphomagenesis. A third noted that early 

tumor NKG2D-L expression in association with active NK phenotypes correlated with 

subsequent downregulation of NKG2D-L by tumor cells, implying tumor cell adaptation in 

response to NK-mediated antitumor activity. Furthermore evidence of NK exhaustion with 

loss of effector function in later disease correlated with tumor cells re-expressing NKG2D 

ligands. [5, 6]

Germline receptors assist recognition of malignant cells and play an important role in both 
innate and adaptive immunosurveillance

NKG2D and DNAM-1 are two of a number of receptors which play important roles in NK-

mediated tumor immunosurveillance; others include natural cytotoxicity receptors which 
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play a similar role to NKG2D, the SLAM family of receptors, adhesion molecules enabling 

immunological synapse formation (DNAM-1 is one of these) and inhibitory MHC-specific 

receptors. Inhibitory MHC-specific receptors are of great importance as they give NK cells 

the unique ability to identify and kill cells which have down-regulated MHC class I 

molecules – a process known as “missing self-recognition”.[1] Of note, the NKG2D 

receptor also plays an important role in CTLs where it functions as a costimulatory molecule 

facilitating tumor cell recognition. This has been demonstrated in H2-K(b)-MICA transgenic 

mice which over express NKG2D ligands leading to severe NKG2D dysfunction. 

Introduction of reactivated memory CD8 T cells expressing functional NKG2D in this 

model was associated with a substantially enhanced cytolytic antitumor response.[7]

The impact that defective NK and CTL function can have on protection against 

lymphomagenesis is seen in a number of primary immunodeficiencies, where there is an 

increased incidence of lymphomas, highlighting the important role these cells play in 

lymphoma prevention. WAS protein is involved in the signalling that controls actin 

cytoskeleton reorganisation and the establishment of immunological synapses. WAS 

deficiency leads to impaired synapse formation between CTL or NK cells and their target 

and also between T lymphocytes and antigen presenting cells. Additionally, WAS deficiency 

impairs NK cytotoxicity, chemotaxis and chemokinesis and more than 10% these patients 

develop malignancy, the predominant type being diffuse large B cell lymphoma (DLBCL).

[8] Similarly, X-linked lymphoproliferative disease 1 is a rare congenital immunodeficiency 

caused by SH2D1A loss of function mutations leading to a deficiency of SLAM-associated 

protein (SAP). In NK cells SLAM-related receptors play an important role in the killing of 

haematopoetic target cells and signal via SAP family adaptor proteins.[1, 9, 10] In the 

absence of SAP inhibitory signals impaired NK and T cell cytolytic activity leads to an 

inability to control EBV infections and the development of B cell lymphomas.[11]

Adaptations to minimise exposure to germline immunosurveillance mechanisms are seen 
in established lymphomas and infections associated with lymphomagenesis

Manipulation of NKG2D immunosurveillance systems by infective elements in the 

microenvironment may contribute to lymphoma risk. NK cells play an important role in the 

elimination of viral infections. HIV, a virus strongly implicated in lymphomagenesis, 

promotes dysregulation of NK cell activity. Secretion of HIV-1 viral protein R upregulates 

NKG2D ligands through a DNA damage response on both infected and bystander cells 

leading to increased indiscriminate NK cell activity and accelerated depletion of CD4+ cells.

[12] HIV nef meanwhile downmodulates NKG2D-L expression on infected cells and 

promotes other mechanisms of NK evasion including MHC class I downregulation.[13] HIV 

also promotes shedding of soluble NKG2D-Ls from infected cells leading to impaired NK 

activity and downregulation of NKG2D on NK cells.[14, 15] The net effect of these and 

other mechanisms of HIV-1 manipulation of NK activity is significant NK dysfunction 

(reviewed [16]). The impact that this has upon HIV lymphomagenesis is not yet fully 

evaluated.

Bypassing NK-mediated immunosurveillance appears to be an important step in 

tumorigenesis that is achieved by varying means. In an early-arising prostate cancer mouse 
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model downregulation of NKG2D-L was seen, permitting immune escape. In contrast, in 

Eu-myc mouse models aggressive NKG2D-sensitive tumors arose in NKG2D deficient mice 

but also in NKG2D WT mice where there was evidence of active NKG2D-mediated 

immunosurveillance. This suggests that a fraction of lymphoma cells escaped by employing 

an alternative mechanism of NKG2D-mediated immunosurveillance evasion or simply a 

rapid growth rate.[17] Possible mechanisms for evasion include shedding of NKG2D 

ligands or inactivation of effector cells.[18, 19] Adaptations such as the shedding of NKG2D 

ligand reduces the immunogenicity of the tumor cell and may also have distant effects 

potentially downregulating NKG2D on effector cells further abrogating the NK/CTL 

antitumor response, although the significance of this mechanism is not fully determined.[1] 

Alternatively, aggressive tumors may overwhelm NKG2D-mediated killing whilst remain 

sensitive. Further to the Eu-mycexample above, in mouse models of EBV LMP1+ 

lymphomas LMP1+ B cells were efficiently eliminated by T cells but rapid fatal 

lymphoproliferation resulted when immune surveillance was broken despite continuing to 

express NKG2D-L and remaining susceptible to its effects.[20] In these examples of 

overwhelming rapid proliferation sustained exposure of ligand to NKG2D+ cells can 

paradoxically alter NKG2D signalling induce a hyporesponsive state in immune effector 

cells hence suppressing the anti-tumor response, further tipping the balance in favour of 

lymphoma escape.[21, 22]

Many lymphomas show evidence of adaptations to minimise their vulnerability to NK and 

CTL immunosurveillance. (Figure 2) In DLBCL over 60% of cases show evidence of 

convergent mechanisms minimising NK and CTL immunogenicity. These include frequent 

co-selection of aberrant CD58 expression (a ligand for CD2 which is required for T and NK 

cell adhesion and activation) and β-2 microglobulin gene mutations leading to loss of 

expression of the HLA class 1 complex.[23] Classical Hodgkin Lymphoma provides an 

example of both NKG2D-L shedding and suppression of the effector cell. Enzymes able to 

shed NKG2D-L from cell membrane are expressed on Reed-Sternberg (RS) cells and 

mesenchymal stromal cells (MSC) and shed ligand has been detected in supernatant from 

both cell types. RS cells lacking NKG2D-L are resistant to CTL killing and sensitivity is 

partially restored with upregulation of NKG2D-L expression.[18] Additionally, investigators 

noted that after co-culture with MSCs, cytolytic activity against NKG2D-L+ cells was 

reduced apparently due to local TGF- β production leading to NKG2D downregulation upon 

T lymphocytes.[18, 24] Other examples include Adult T-cell Leukaemia/Lymphoma 

(ATLL) where interactions with epithelial cells lead to downregulation of NKG2D-L and 

evidence of downregulation on multiple T and B cell lymphoma lines. [25, 26]

Natural Killer cells play an indispensable role in antitumor immunity through NGK2D-

mediated activity and also their ability to recognise and kill cells which are missing self-

antigen. However, early tumor development in RAG-deficient mice with no functional B, T 

or NKT cells and observations that lymphomagenesis risk in primary immunodeficiency is 

more closely related to T-cell number and dysfunction as opposed to immunodeficiency type 

demonstrates that innate antitumor activity alone is not sufficient for effective 

immunosurveillance.[8, 27, 28]
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Cytotoxic T Lymphocytes: the principal effector cell in anti-tumor 

immunosurveillance

Cytotoxic T Lymphocytes play a central role as effector cells in tumor immunosurveillance 

(reviewed [29]). CTLs primarily identify cells with malignant potential through recognition 

through the T cell receptor of antigen presented through HLA class 1 complexes and target 

cells via 2 mechanisms, TNF receptor superfamily members 6 and 10 (TRAIL and Fas/

CD95) or the perforin and granzyme pathway.[29]

Effective perforin-mediated cytotoxicity is important to CTL function. Perforin deficiency in 

mice leads to impaired control of transplanted lymphoma lines and increased rates and early 

tumorigenesis.[30] Perforin deficient mice have been noted to have a 1000-fold increased 

risk of lymphoid malignancy.[31] Severe perforin gene defects usually present early with 

aggressive haemophagocytic lymphohistiocytosis but patients with a less severe phenotype 

present later or have susceptibility to lymphoma.[32] EBV-positive Hodgkin lymphoma has 

been reported in an individual with biallelic STXBP2 mutations, a gene required for 

perforin-containing lytic granule exocytosis and in a separate study 8 of 29 patients 

diagnosed with lymphomas with features of HLH harboured mono- or biallelic mutations of 

the perforin gene.[33, 34] However, resistance to perforin-mediated cytotoxicity is not 

usually an important mechanism in lymphomagenesis and most lymphomas remain sensitive 

to its effects.[35] Adaptations to suppress CTL function play a more important role in 

immune evasion.

In contrast, evasion of CD95-mediated apoptosis frequently plays a role in 

lymphomagenesis and is achieved by a number of mechanisms. These include 

downregulation of surface receptors expression, secretion of soluble forms of CD95 and 

DcR3 (a soluble decoy receptor which binds CD95-L inhibiting CD95/CD95-L ligation) and 

cellular mechanisms. Soluble CD95 levels correlates with response to chemotherapy in 

DLBCL and DcR3 secretion is seen in DLBCL, EBV associated lymphomas and HTLV1 

associated ATLL.[36-38] Acquiring resistance to CD95-mediated apoptosis is also an 

important step towards lymphoma escape in the development of mucosa-associated 

lymphoid tissue (MALT) lymphomas and gastric DLBCL.[39]

Mechanisms of cellular resistance to CD95 ligation are also important. On CD95 ligation a 

Fas death-induced signalling complex forms triggering apoptosis. [40] Maintenance of 

cellular Fas-associated death domain-like IL-1-converting enzyme-inhibitory protein (c-

FLIP) levels inhibits this pathway and DLBCL and Hodgkin Lymphomas acquire resistance 

to CD95 ligation through elevated levels of c-FLIP.[41] Viral proteins also inhibit CD95-

mediated apoptosis by this mechanism; HTLV-1 Tax elevates c-FLIP levels, HHV-8 

(Kaposi-sarcoma associated herpesvirus) produces a viral FLICE-inhibitory protein (v-

FLIP) and EBV also manipulates c-FLIP providing mechanisms by which these viruses 

contribute to lymphomagenesis.[42-45] Other important mechanisms of CD95-mediated 

apoptosis suppression relate to B-cell receptor and CD40 signalling reflecting the normal 

survival signals received by B cells on antigen encounter with T cell support in the germinal 

centre (discussed further below).[46]
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Lymphomas adopt multiple strategies to suppress cytotoxic T lymphocyte activity

Resistance to mechanisms of CTL cytotoxic killing as described above provides some 

protection from immunosurveillance, however more frequent adaptations implicated in 

lymphomagenesis are directed towards suppression of cytotoxic cell activity through 

induction of anergy and exhausted cell phenotypes, secretion of immunosuppressive 

cytokines and manipulation of regulatory and immune tolerance mechanisms. (Figure 3)

Suppression of CTL activity: Induction of anergy

Induction of CD8+ T cell anergy leading to compromised antitumor activity plays an 

important role in established lymphomas, particularly in Hodgkin Lymphoma and Primary 

Mediastinal B cell Lymphoma (PMBCL). [47] It has also been implicated in 

lymphomagenesis and is seen in a number of microenvironments associated with increased 

rates of lymphomagenesis.

The programmed cell death 1 (PD-1 or CD279) receptor is involved in the suppression of 

immune responses through the induction of programmed cell death in antigen specific T 

cells and promotion of a regulatory T cell phenotype.[48] There is significant evidence 

pointing to the importance of this mechanism in established lymphoma; PDL1 expression on 

lymphoma cells induces T cell defects in chronic lymphocytic leukaemia, follicular 

lymphoma and DLBCLs.[49] In B cell non-Hodgkin lymphomas (NHL) increased PD-1 

expression and induced exhaustion in CD8+ T Lymphocytes is seen in TGF-β rich 

microenvironments.[50] Additionally, Hodgkin Reed-Sternberg cells and malignant cells in 

PMBCL modulate of the immune microenvironment through expression of PD-1 ligands.

[51, 52] There is also exciting evidence of the impact that manipulation of this pathway may 

have in the treatment of lymphoma with promising results in early trials in relapsed Hodgkin 

Lymphoma.[53] Furthermore there is early direct evidence that the PD-L1 pathway is 

importan1 at the point of lymphomagenesis.[54]

Elevated PD-1 expression is also seen in microenvironments associated with 

lymphomagenesis. Chronic viral infections such as HTLV-1 increase PD-1 expression and 

CD8+ T cell exhaustion, and PD-1 induced T cell exhaustion remains important in patients 

with ATLL suggesting that this mechanism might influence lymphomagenesis.[55] 

Similarly, in HIV infection multiple lines of evidence demonstrate upregulation of inhibitory 

molecules including PD-1 and cytotoxic T cell exhaustion.[56] EBV infection may also 

induce PD-L1 expression.[52] T cell dysfunction and compromised immunosurveillance 

may also contribute to lymphomagenesis in the elderly; studies of PD-L1/PD-1 mediated 

CD8 T cell dysfunction in CLL mouse models note aging as a confounding factor with 

distinct but significant increases in PD1+T cells and T cell dysfunction in both CLL and 

aging control mice.[57] Consistent with this elevated PD-1 expression is noted in aging and 

T cell dysfunction is identified as a factor contributing to increased rates of 

lymphomagenesis in the elderly.[58, 59]

Other important markers of an exhausted phenotype include LAG-3 and TIM-3. CD4+ T 

cells expressing LAG-3 in EBV-positive Hodgkin Lymphoma lead to selective loss of IFN-γ 

in LMP1 specific CD8+ T cell subsets, suggesting a mechanism by which EBV may 
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contribute to lymphoma survival.[60] TIM-3 is associated with CD8+ T cell dysfunction in 

advancing HIV and disease progression and similarly observed in HCV-related CD8+ T cell 

dysfunction .[61] Viral suppression of CTL function in this manner may contribute to an 

environment conducive for lymphomagenesis. TIM-3 expression is also contributes to non-

Hodgkin lymphoma microenvironments; TIM-3 expressed on lymphoma-derived epithelial 

cells in B cell lymphoma mouse models also inhibited Th1 polarisation and CD4+ Th cell 

activation promoting lymphoma progression.[62] Furthermore, TIM-3 expression was 

increased in both CD4+ and CD8+ T cells in newly diagnosed DLBCL and further increased 

with advanced disease, suggesting a relationship with the development of DLBCL.[63] 

Certain polymorphisms in the TIM-3 gene additionally appear to confer an increased risk of 

NHL, which is further amplified in HIV positive patients.[64] However, evidence detailing 

the relationship between TIM-3 and its function in T cell exhaustion is not as clear-cut as in 

PD-1 (reviewed [61]).

Suppression of CTL activity: Cytokines

TGF-β—Cytokine secretion modulates cytotoxic immunosurveillance and 

immunosuppressive cytokines such as TGF-β play an important role in mediating the CTL 

response in several lymphomas. TGF-β affects T cell suppression in established B-cell Non-

Hodgkin Lymphoma; TGF-β stimulation upregulates CD70 on effector memory T cells 

leading to an exhausted phenotype with higher PD-1 expression and preferentially induces 

FoxP3 expression in naïve T cells.[50] TGF-β also induces repression of genes encoding 

cytotoxic mediators such as perforin, granzyme B, CD95 and INF-γ.[29] There is also in 

vivo evidence that environmental T cells in Hodgkin Lymphoma are under the inhibitory 

influence of TGF-β.[65]

The suppressive environment promoted by TGF-β in lymphoma appears to be advantageous 

to the tumor cell, dampening the cytotoxic antitumor response; however, TGF-β usually 

functions as a negative regulator of lymphocytes inhibiting proliferation and initiating 

apoptotic programs.[66]In an Eμ-myc mouse model apoptotic lymphomatous cells 

stimulated macrophages to produce TGF-β which decelerated lymphoma progression; TGF-

β production appears therefore to initially suppress lymphomagenesis.[67] However, 

acquiring tumor cell resistance to its effects is frequently an important step towards escape. 

In the germinal centre autocrine TGF-β production controls B cell proliferation whereas in 

Burkitt's cell lines it functions as an autocrine growth factor.[45, 68] In EBV positive 

Hodgkin lymphoma downregulation of TGF-β target genes contributes to resistance to 

apoptosis.[69]MYC-transformation also confers an aberrant response to TGF-β proapoptotic 

signals.[70] Furthermore there is evidence that both EBNA1 and EBNA2 in latent of EBV 

infection confer resistance to TGF-β mediated apoptosis.[45, 71, 72] A TGF-β-rich 

microenvironment therefore may suppress lymphomagenesis until the point that a 

mechanism of resistance to apoptotic signals is acquired whereupon it becomes 

advantageous.

IL-10—IL-10 similarly has a complex relationship with lymphomagenesis. Variations in 

IL-10 and TNF loci have been associated with an increased risk of B cell lymphoma.[73] 

Additionally, patients with IL-10 or IL-10 receptor (IL-10R) deficiency developed B-cell 
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non-Hodgkin lymphoma at an early age. IL-10 or IL-10R deficiency leads to severe early-

onset inflammatory bowel disease however the lymphomas, observed in 5 cases, were 

similar in nature and occurred at sites distant to intestinal inflammation. It was noted that 

they were DLBCL-like of germinal centre origin and associated with low intratumoral T-cell 

infiltration and T cells were deficient in the cytotoxic effector Granzyme B implying that 

impaired immunosurveillance was a likely factor in the development of these lymphomas.

[74]

IL-10 plays multiple roles within the immune system. Within the lymphoid compartment 

IL-10 enhances B cell proliferation, survival, differentiation and MHC-II expression and 

isotype switching. It induces proliferation and cytotoxicity in thymocytes and CD8+ T cells 

and induces cytotoxic effector molecules and IFN-γ in CD8+ T cells and CD8-derived IFN-

γ upregulates tumor MHC-II expression. These T-cell effects lead to improved tumor 

immunosurveillance. Other functions of IL-10 are anti-inflammatory, suppressing IL-12 and 

IL-23 production and by this mechanism reducing Th1 CD4+ lymphocyte production of 

IFN-γ and TNFα and Th17 CD4+ lymphocyte production of IL-17; effects that might impair 

the antitumor response .[75]

High levels of IL-10 production are seen in HIV-associated Burkitt's Lymphoma and IL-10 

antisense oligonucleotides inhibit tumor growth.[68] IL-10 is secreted in mantle cell 

lymphoma microenvironments, by Reed-Sternberg cells in Hodgkin Lymphoma and by both 

tumor cells and associated macrophages in Burkitt's lymphoma.[76-78] This may be 

advantageous as it promotes local immunosuppression by modulation of T cell response and 

macrophage engulfment of apoptotic tumor cells in a non-immunogenic manner.[78] This is 

not the case for all lymphomas however and lower concentrations of IL-10 are seen in the 

follicular lymphoma microenvironment where other means of local immunosuppression are 

more prominent.[79, 80] Evidence of IL-10 effects in early lymphomagenesis is less 

comprehensive. However, elevated IL-10 levels are seen in mouse models of hepatitis C 

virus-related lymphomagenesis and increased responsiveness to IL-10 and upregulation of 

IL-10R in tumor cells is seen in EBV lymphomagenesis and murine models of Myc-induced 

lymphomagenesis respectively.[81-83] Additionally polymorphisms leading to lower IL-10 

levels in HIV patients are associated with a lower risk of non-Hodgkin lymphoma.[84]

In light of the above despite the lymphomagenesis risk with a complete deficiency of IL-10, 

the immunosuppressive effects of locally elevated IL-10 levels appear generally conducive 

to lymphomagenesis.

Suppression of CTL activity: Indoleamine 2,3-dioxygenase (IDO)

A further, increasingly recognised mechanism of Cytotoxic T cell and Natural Killer activity 

suppression is via expression of Indoleamine 2,3-dioxygenase (IDO), an enzyme which 

through degradation of tryptophan limits inflammatory responses and reduces effector T cell 

proliferation and NKG2D expression.[85, 86] IDO is an important immunosuppressive 

microenvironmental factor in a number of lymphomas including DLBCL, Hodgkin 

Lymphoma and ATLL.[87-89] In EBV-associated Hodgkin lymphoma IDO is expressed by 

Reed Sternberg cells and microenvironmental dendritic cells.[89, 90] Increased IDO 

expression is also seen in lymphomagenic microenvironments; Helicobacter pylori infection 
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increases IDO expression and numbers of CD4+CD25+ T regulatory cells and EBV induces 

IDO expression on microenvironmental macrophages.[91, 92]

CD4+ T helper cells augment immunosurveillance but can be manipulated 

by lymphoma cells into supporting and protecting the tumor

Microenvironmental CD4+ T helper cells play multiple roles in lymphomagenesis, both 

contributing to immunosurveillance and detracting from it by providing support and survival 

signals to malignant cells and contributing to immune tolerance as T regulatory cells.

CD4+ T helper cells provide essential survival signals to lymphoma cells

CD4+ T cells can actively support lymphomagenesis by providing survival signals to 

malignant cells. Extrinsic support by CD4+ T cells of antigen-stimulated germinal centre B 

cells amplifies the immune response stimulating proliferation, immunoglobulin switching, 

antibody production and rescue from apoptosis. In addition to stimulation and amplification, 

this interaction provides a safety mechanism ensuring autoreactive or cells carrying 

mutations with malignant potential do not survive. However, there are frequent examples of 

T cells being co-opted into providing anti-apoptotic signals; assisting with lymphomagenesis 

and subsequent proliferation.

Germinal centre (GC) B cells are dependent upon survival signals from their 

microenvironment. Unusually for B cells they have a pre-formed Fas death-induced 

signalling complex requiring constant inhibition by cFLIP to escape apoptosis. cFLIP is 

rapidly degraded so constant production triggered by external support provides a mechanism 

which ensures that a cell will die if external help is not provided.[40] This is of particular 

importance within the germinal centre as B cells undergo somatic hypermutation of 

immunoglobulin loci and class switch recombination to generate high-affinity antibody and 

hence are at particularly high risk of acquiring a lymphomagenic mutation. This process is 

mediated by the enzyme activation-induced deaminase (AID).[93] AID targets ssDNA at 

sites where transcription is stalled and can damage the genome outside the immunoglobulin 

loci resulting in mutations that may predispose to lymphoma.[94-96]

Survival signals are received through B-cell receptor (BcR) stimulation by foreign or 

autoantigen but these alone are insufficient to escape apoptosis, in fact activation of the BcR 

in the absence of T-cell help in GC B cells has a pro-apoptotic effect.[45] CD40 ligation by 

CD40L is one of the principle mechanisms by which T-cells promote B cell survival, and 

this mechanism also suppresses CD95-mediated apoptotic pathways by maintenance of 

cFLIP.[40, 45]

Many GC origin lymphomas retain the need for ongoing survival signals from the 

microenvironment. In Follicular Lymphoma anti-apoptotic molecules such as Bcl-2 are 

upregulated and in EBV-associated lymphomas (such as in EBV-associated cHL) LMP1 and 

LMP2 mimic CD40 and BcR signalling and suppress TGF-β and CD95 signalling pathways.

[45, 97] These mechanisms reduce the dependence of the cell on extrinsic support increasing 

the probability of survival. However, in both FL and EBV-associated cHL these 

mechanisms and others are complemented by extrinsic support from environmental T cells 
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via CD40/CD40L ligation, an interaction that both FL and cHL Reed-Sternberg cells remain 

dependent upon.[98, 99] Within the normal germinal centre T-cell support is obtained 

through the presentation of antigen by the B cell on MHC class II molecules stimulating the 

activated CD4+ T cell's TcR with costimulation via CD40/CD40L and other costimulatory 

molecules. Both Follicular Lymphoma and Hodgkin Lymphoma cells show evidence of 

downregulation of MHC class II molecules; despite this both malignancies are able to elicit 

T cell support.[51, 100] Of note, gene expression profiles in Follicular lymphoma-associated 

T cells, which contain significant populations of T follicular helper (TFH) and T follicular 

regulatory cells, demonstrated that FL-associated TFH cells overexpressed CD40L and IL-4 

when compared to healthy lymph node TFH cells.[101]

The majority of lymphomas originate from follicular B cells which generate high-affinity 

antibody by a T-cell dependent mechanism within the germinal centre. However, not all B 

cells depend upon this interaction; marginal zone B cells are among a population of B cells 

capable of generating an antibody response in the absence of T cell help and marginal zone-

like cells have been shown to undergo T cell independent somatic hypermutation.[102, 103] 

However, examinations of ectopic lymphoid structure in salivary glands of patients with 

Sjögrens Syndrome who are at risk of MALT-type lymphoma revealed germinal centre-like 

structures supporting the possibility of T-cell dependent reactions.[104] Gastric MALT 

lymphoma cells express somatically mutated immunoglobulin. [105] Data suggests that 

MALT lymphoma proliferation is still highly dependent upon the presence of T cells. 

Interestingly this dependence appears to be independent of CD40-CD40L interactions.[106] 

Gastric MALT lymphomas occur in an altered microenvironment created by the buffering of 

stomach acid by Helicobacter pylori and the infiltration of lymphocytes into an environment 

where they could not usually survive. [107] In a process driven by molecular mimicry on the 

part of H.pylori polyreactive neoplastic B-cells are dependent upon autoantigenic 

stimulation from the gastric mucosa, a process fuelled by APRIL (a proliferation induced 

ligand) production by microenvironmental macrophages.[108-110] B-cells are thought to 

receive cognate help from cross-reactive Hp-specific T-cells. Furthermore, Hp-specific T 

helper clones derived from MALT lymphomas have been shown to increase their B-cell help 

in a dose-dependent manner in response to H. pylori exposure whereas cytotoxic T-cell 

control of proliferating B-cells is impaired. This contrasts to chronic gastritis where T helper 

assistance is attenuated at higher doses and B cell proliferation is controlled by cytotoxic T-

cells.[111]

CD4+ T helper cells can promote the anti-tumor response

The above paragraphs highlight examples of CD4+ T cells providing survival signals and 

supporting lymphomagenesis, however, activated CD4+ T cells also play an important role 

in the antitumor response, augmenting immunosurveillance. After recognition of tumor 

antigen presented on MHC class 2 molecules CD4+ T cells improve Dendritic Cell (DC) 

capacity to induce a cytotoxic T lymphocyte (CTL) response, stimulate clonal expansion of 

activated CTLs through IL-2 secretion and enhance macrophage and Natural Killer 

immunosurveillance through production of IFN-γ. [29] Evidence of the selective pressure 

this exerts on tumor cells is seen in convergent evolution of different lymphomas. MHC 

class II molecule expression is downregulated across different lymphomas by differing 
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mechanisms. In classical Hodgkin Lymphoma (cHL) and Primary Mediastinal B Cell 

Lymphoma (PMBCL) this is achieved via disruption of the MHC II transactivator (CIITA), 

in immune privileged sites such as the testes or central nervous system (CNS) it is caused by 

protein level homozygous deletion and in Activated B-Cell Type DLBCL (ABC-DLBCL) it 

is achieved through partial differentiation to the plasma cell stage.[112-114]

Suppression of CTL activity: Regulatory T cells and immune tolerance mechanisms are 
manipulated to allow tumor growth

CD4+ T regulatory cells are an important subset of primarily CD4+ T helper cells which 

play a vital role in suppressing autoreactive cells and maintain peripheral immune tolerance. 

However, their importance in cancer medicine is increasingly recognised and adaptations to 

manipulate immune tolerance mechanisms are prominent features of lymphomas, frequently 

developing in the early stages of lymphomagenesis.[115]

Tolerance mechanisms have evolved to control self-reactive T-cells generated during the 

normal immune response. Naive T-cells, confined to haematopoetic and lymphoid tissue are 

activated by antigen presented by professional antigen presenting dendritic cells. High-

affinity autoreactive T-cells are eliminated in the thymus, however, this process is 

incomplete and some functional low-affinity autoreactive T-cells and high-affinity cells 

reactive to rare antigen not represented in the thymus escape. (reviewed [116]). Peripheral 

inactivation is achieved by tolerizing DCs or by the action of regulatory T cells. DCs that 

encounter antigen associated with pathogen-associated molecular patterns (PAMPs) 

upregulate costimulatory molecules enabling them to fully activate CTLs in concert with 

activated CD4+ T cells. Self-reactive CD4+ and CTLs that escape central tolerance exist in 

the periphery and under certain conditions can be activated by DCs. Immunogenic tumor 

cell death, releasing factors such as HMGB1 and calreticulin (damage-associated molecular 

patterns or DAMPs) especially in association with necrotic tissue can also prime dendritic 

cells. DCs not primed with PAMPs or DAMPs and in the presence of immunosuppressive 

mediators such as TGF-β can display self-antigen but due to lack of expression of 

costimulatory molecules such as B7 family receptors and CD40 this interaction promotes T 

cell anergy and apoptosis.[29] A second mechanism of peripheral tolerance is mediated by T 

regulatory (TReg) cells which prevent auto-reactive T cell activation, expansion and function 

through multiple mechanisms depriving responder T cells of activating signals and through 

inactivation of responder APCs and T cells (reviewed [117]). Although TReg cells are 

activated by specific antigen via the TcR their action leads to local immunosuppression 

independent of effector cell antigen specificity.

Regulatory T cells play a significant role in early lymphoma immune escape. TReg depletion 

in early tumor progression in a B cell lymphoma mouse model led to 70% disease free 

survival whereas no effect was seen with depletion in mice with established disease.[118] 

Additionally CTLA-4 gene polymorphisms affect patient susceptibility to developing gastric 

MALT lymphoma suggesting a link between TReg function and lymphomagenesis risk. 

[119] Of note CTLA-4 is also found on CD8+ CTLs and variations in levels affect both Treg 

function and CTL immunosurveillance providing another possible explanation for this 

finding.[120] As expected, increased numbers of intratumoral TReg cells in B cell non-
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Hodgkin lymphoma are associated with decreased proliferation, cytotoxic granule 

production and cytotoxicity of CD8+ T cells demonstrating the impact this cell's presence 

has on immunosurveillance.[121] Among a series of mechanisms, malignant B cells in NHL 

promote T cell differentiation towards a TReg phenotype and suppress effector TH cells 

through TGF-β secretion. Additionally, they promote a TReg rich microenvironment through 

the secretion Treg attracting cytokines including CCL17 and CCL22.[50, 106] NHL tumor 

IDO expression, which attenuates local CTL effector function also correlates with TReg 

numbers and increases TReg infiltration and differentiation.[122] Increased infiltration of 

TReg is seen in multiple lymphomas including gastric MALT lymphoma and Follicular 

lymphoma.[106, 123] In gastric MALT lymphoma the presence of intratumoral TReg cells 

creates a highly suppressive microenvironment and depletion of these cells blocks tumor 

growth as efficiently as depletion of all CD4+ T cells.[106]

Antigen Presenting Cells play an increasingly recognised role in promoting 

a tumorigenic environment

A further category of cells that may play an important role in promoting an 

immunosuppressive microenvironment are myeloid-derived suppressor cells (MDSCs) 

(reviewed [124]). Data exploring the extent of their role in lymphomagenesis is limited but 

mouse lymphoma MDSCs secrete cytokines and chemokines promoting TReg recruitment 

and an immunosuppressive environment.[125] MDSCs may play an important role in the 

induction of tumor tolerance functioning as tolerogenic antigen presenting cells presenting 

to tumor-specific TRes cells.[126] Populations of this cell subset are inversely proportional 

to NK cell numbers in NHL and increase with NK cell depletion suggesting that they may 

be regulated by NK cells, a hypothesis supported by the observation that MDSCs express 

NKG2D ligands and activate NK cells to produce high amounts of IFN-γ.[127, 128]

Other antigen presenting cells such as dendritic cells play an important but less well defined 

role in lymphomagenesis. Dendritic cells (DCs) appear to foster local T-cell tolerance and 

the formation of an inflammatory milieu. Deletion of DCs delays progression of lymphoma 

in an Eμ-Myc model.[129] This mechanism is dependent upon DC expression of the C/EBPβ 

transcription factor which controlled lymphoma-associated cytokine expression and led to 

lymphoma-educated DCs suppressing T cell responses.[129] Further evidence of a potential 

role for DC-lymphocyte interactions is the strong predisposition to germinal-centre B type 

lymphomagenesis in mice deficient in CD137, a costimulatory receptor involved in DC and 

germinal centre B cell crosstalk.[130] Furthermore, in established T-cell 

lymphoproliferations monocyte-derived cells were actively recruited to the tumor 

microenvironment where they were unable to mature into DCs due to tumor IL-10 secretion 

and protected tumor cells from serum starvation or doxorubicin induced cell death.[131]

Conclusions

This review has examined some of the diverse mechanisms by which immune cells within 

the microenvironment identify or fail to identify and destroy potentially lymphomagenic 

cells and how malignant cells can recruit assistance from non-malignant immune cells 

allowing them to subvert this process. Furthermore it touches upon some of the mechanisms 
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by which pathogens and other processes can alter interactions in the immune 

microenvironment and in doing so inhibit immune control and promote lymphomagenesis. 

These mechanisms are compounded by the further inhibitory effects of established 

lymphoma cells on the tumor microenvironment, transforming the affected lymph node from 

an area promoting lymphoma cell eradication to one conducive to lymphoma growth. The 

impact of the tumor microenvironment upon lymphoma growth is highlighted by the clinical 

success of novel agents such as anti-PD1 or anti-PDL1 antibodies, which by targeting both 

tumor and surrounding immune cells and interrupting the tolerogenic mechanisms hijacked 

by the lymphoma can help bring the malignancy back under immune control.
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Figure 1. Activation of immunosurveillance in response to DNA damage repair mechanisms
1. DNA damage triggers upregulation of MHC-like NKG2D ligands and release of damage-

associated molecular patterns (DAMPs). 2. NKG2D and other receptors on Natural Killer 

cells and Cytotoxic T Lymphocytes assisted by adhesion interactions such as CD2-CD58 

lead to NK-mediated killing of the tumor cell. 3. Tumor cell downregulation of MHC class 1 

molecules to minimise immunogenicity is identified by inhibitory MHC-specific receptors 

allowing identification of “missing self” and giving NK cells the ability to identify and kill 

cells not expressing MHC class 1. 4. DAMPs activate dendritic cells stimulating them to 

present antigen and costimulatory molecules. 5. Dendritic cells activate CD8+ and CD4+ T 

cells initiating an orchestrated adaptive immune response.
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Figure 2. Lymphoma evasion mechanisms undermine the immunosurveillance response
1. NKG2D ligand shedding overwhelms NK cells leading to downregulated NKG2D and a 

hypofunctional phenotype and reduced CD58 expression may impair ability for missing self 

recognition. 2. Downregulation of MHC Class 1 molecules reduce Cytotoxic T Lymphocyte 

ability to identify tumor cells. 3. If DAMPs are not present, dendritic cells present antigen 

without costimulatory molecules promoting immune tolerance and regulatory T phenotypes. 

4. Indoleamine 2,3-dioxygenase (IDO) expression on tumor and tolerogenic dendritic cells 

impairs CTL activity 5. TGFβ secretion and myeloid-derived suppressor cell (MDSC) 

activity further skews towards tolerogenic phenotypes.

Taylor and Gribben Page 21

Semin Cancer Biol. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Overview of mechanisms by which lymphoma cells promote exhausted effector cell 
phenotypes and evade the anti-tumor response
1. Downregulation of NKG2D ligands and MHC class 1 molecules reduces of lymphoma 

cells by NK cells and Cytotoxic T lymphocytes. 2. Secretion of NKG2D ligand reduces cell 

expression and promotes anergy in NK cells through hyperstimulation. 3. Secreted 

Indoleamine 2,3-dioxygenase (IDO) degrades tryptophan limiting CTL cytotoxic activity. 4. 

PD-L1 expression promotes exhausion in CTLs. 5. TGFβ promotes exhausted CTL 

phenotype and CD4+ T cell differentiation to T Regulatory cells. 6. CCL17 and CCL22 

secretion attracts more T regulatory cells promoting a tolorogenic microenvironment. 7. 

Myeloid-derived suppressor cells increase Treg activity by presenting tumor associated 

antigen in a tolorogenic manner. 8. Treg anti-inflammatory activity further suppresses CTL 

function. 9. IL-10 secretion suppresses Th1 responses which would promote the anti-tumor 

response. 10. CD4+ T helper cells are co-opted into providing support to the lymphoma cell 

increasing its resistance to immune surveillance.
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