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1. B cell receptor (BCR) 

1.1 STRUCTURE AND ORGANIZATION OF THE BCR 

The human immune system has the responsibility of recognize and dispose foreign organism and their 

antigens invaders. There are two different mechanism, namely natural and adaptative immunity, by 

which these tasks are accomplished. Natural immunity is the first line of defense against pathogens 

and is an immediate, general, and non-specific complement system. Conversely, adaptive immunity 

is built up as we are exposed to disease and is based on the ability of B and T cells to respond 

specifically and selectively to challenges by different antigens [1]. In this scenario, B cells play a 

central role in the adaptive immune response and provide durable protection against pathogens by 

differentiating into plasma cells that secrete pathogen-specific antibodies. Discovered in the early 

1960s together with T cells, B cell are small (6-10 µm) with a dense nucleus and little cytoplasm and 

can be distinguished phenotypically only by analysis of cell surface markers. B-cell activation is 

triggered by antigen recognition by the B-cell receptor (BCR), resulting in B-cell proliferation and 

affinity maturation within germinal centers. Notably, B cell activation is critical for vaccine 

development and molecular understanding of the role of B cells in autoimmune diseases [2].  

The BCR is a complex composed of a membrane immunoglobulin (mIg) molecule and an associated 

Igα/Igβ (CD79α-β) heterodimer (Figure 1). Specifically, the BCR is a structure of four (in the case of 

IgD) or five (IgM) immunoglobulin domains in the heavy chain linked by a hinge and a short 

intracellular domain consisting of just three amino acids: lysine, valine, and lysine (KVK) [3]. The 

cytoplasm portion of Igα/Igβ heterodimer contains immunoreceptor tyrosine-based activation motifs 

(ITAM), whereas mIg itself does not contain any signaling motifs [4]. The BCR is a highly specialized 

recognition protein that functions as a receptor for antigens secreted by bacteria, viruses, or other 

pathogens in the acquired immune system. Structurally, it is composed of two heavy (H) and two 

light (L) chains held together by bisulfite bonds. Each chain contained a variable (V) and a constant 

(C) region. The variable regions consist of two different isotypes of immunoglobulins: mature naïve 

B cells that present IgM or IgD and memory B cells and plasma cells that express IgG, IgA, or IgE 

[5]. The V regions react with a specific antigen and allow B lymphocytes to act as effective antigen-

presenting cells in their native form. The membrane bound BCR of B lymphocytes has no immune 

activation effector function as its constant region remains embedded in the B cell membrane. The 

function of BCR is to recognize and bind antigens through the variable region exposed on the 
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Figure 1. Structure of BCR 

cell surface and transmit a signal that, by activating B lymphocytes, leads to clonal expansion and the 

production of specific antibodies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In fact, BCR is associated with a set of intracellular signaling proteins responsible for the signal 

transmission of the B lymphocyte receptor complex. The antigen-binding immunoglobulin on the cell 

surface is associated with accessory protein chains, Ig-α and Ig-β, through hydrophilic, uncharged 

interactions between their transmembrane regions. This complex is necessary for both the transport 

of the receptor to the surface and signal transmission function of the BCR. Ig-α and Ig-β are single-

chain proteins composed of an extracellular immunoglobulin-like domain connected to the 

cytoplasmic tail via a transmembrane domain. Ig-α and Ig-β are held together by a sulfide bond and 

form a heterodimer called CD79, which is associated with immunoglobulin heavy chains and makes 

it possible for them to be transported to the cell surface, thus ensuring that fully assembled B cell 

receptors are present on the cell. CD79α and CD79β possess an immunoreceptor activation motif 

based on tyrosine residues (ITAMs) in their cytoplasmic tails, which is essential for signal 

transmission capacity [6].  

1.2 SIGNATURE OF BCR DIVERSITY IN B LYMHOCYTES  

The BCR signaling pathway is activated when the membrane immunoglobulin (mIg) subunits bind a 

specific antigen, resulting in receptor aggregation, while the α/β subunits transduce signals to the cell 

interior. In this context, the complex formed by the CD79α/CD79β heterodimer is called the pre-B-
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cell receptor (pre-BCR). Pre-BCR is capable of transducing a signal into the cell that is essential for 

further B cell development and increase the number of B lymphocytes [7]. Activation of this receptor 

by the appropriate signals induces multiple binding (cross-linking) of surface immunoglobulins and 

the recruitment and activation of Src family protein tyrosine kinases: Lyn, Blk, and Fyn as well as 

the Syk and Btk tyrosine kinases. The BCR-associated kinases phosphorylate ITAM residues of the 

receptor complex. In the phosphorylated form, ITAMs recruit other molecules that are essential for 

signal transduction, including Syk [8,9] Once activated, Syk protein kinase phosphorylates other 

targets, including the BLNK bridging protein, which has multiple sites for phosphorylation and 

recruits various proteins containing Src homology 2 (SH2) domains, including enzymes and adaptor 

proteins, to form several different multi-protein signal transduction complexes [10]. Two 

phosphotyrosine-binding SH2 domains of the Syk tyrosine kinase bind to ITAMs and trigger an 

activation cascade that further activates other tyrosine kinases such as Btk, serine/threonine kinase 

such as protein kinase C, the Ras pathway, and calcium signaling pathways. Different adaptor 

proteins, like CD19 and BLNK, and signaling enzyme such and PLC2 and PI3K, are important 

mediators of the signaling cascade. Recruitment and activation of tyrosine kinases result in the 

activation of multiple downstream signaling pathways, which generates diacylglycerol and inositol 

phosphate second messengers, leading to calcium entry and activation of the NFAT factor, which is 

responsible for the induction of transcription of specific genes, resulting in cell proliferation and 

differentiation [11]. In addition, the outcome of the activation response is determined by the 

maturation state of the cell, the nature of the antigen, the extent and duration of BCR signaling and 

signals from other coreceptors of B cells, such as CD40, the IL-21 receptor and BAFF-R [12].  

Antigen binding leads to the formation of BCR microclusters containing 50-500 BCR molecules. The 

formation of BCR microclusters requires BCR-induced cytoskeletal rearrangement, because actin 

polymerization inhibitors prevent microcluster formation. However, another study showed that the 

BCR signalling pathway leads to the disassembly of actin filaments at the membrane, allowing BCR 

to flow freely in these regions to form microclusters [13].  

The complexity of BCR signaling permits many distinct outcomes, including survival, tolerance or  

apoptosis, proliferation, and differentiation into antibody-producing cells or memory B cells.  

1.3 THE BCR IN CONTROL OF TUMOR B-CELL FITNESS 

In both normal and malignant B cells, the signals emanating from surface Ig activate a complex set 

of downstream pathways, including the PI3K\AKT, the NF-kB, the me mTOR and the RAS\MAPK 

pathways [14]. Feedback mechanism, including the activation of phosphatases targeting BCR 

signaling components, and the internalization of the BCR prevent continuous signaling from the 



 

 

 B cell receptor 

6 

antigen receptor. In addition, nanocluster formation is another mechanism that limits the continuous 

activation of the BCR. In this case, the spatial organization within the plasma membrane causes IgM 

to assemble with the nanoclusters, keeping them physically separated from other similar ones 

containing critical BCR positive signaling effectors such as CD19.  

During the differentiation process of mature B-cells, any alteration, such as a genetic alteration, copy 

number variation or chromosomal aberration, can negatively interfere with terminal death and 

differentiation, leading to uncontrolled proliferation and, ultimately, the emergence of B-cell non-

Hodgkin lymphomas (B-NHL). In fact, antigen-experienced B-cells, such as GC cells and memory 

B-cells, are believed to represent the progenitor cells of several types of B-NHL, notably follicular 

lymphoma (FL), diffuse large B-cell lymphoma (DLBCL) and Burkitt's lymphoma (BL) (Figure 2) 

[15].Despite the diversity in the mechanism driving malignant B cell transformation, genetic evidence 

supports the concept that surface expression of a functional BCR is needed for both the initiation and 

the maintenance of all form of mature B-cell neoplasm (except classical Hodgkin Lymphoma), 

keeping the expression of surface BCR in the form of IgM (eg, eBL), or as isotype-switched antibody 

(eg, DLCBL and FL). Among the different types of B-cell malignancies, several different tactics are 

applied for activation of the BCR signaling, including antigen-dependent and antigen-indipendent 

activation [16]. “Chronic” exposure to microbial antigens is important in promoting clonal expansion 

of B cells expressing distinctive BCRs and growth of the neoplastic clone. Chronic activation has 

been implicated in the pathogenesis of different lymphomas, such as Helicobacter pylori in mucosa 

associated lymphoid tissue lymphoma, Chlamidya Psitaci in ocular adnexa lymphoma, Hepatits C 

virus in splenic marginal zone lymphomas [17-19]. 

On the other hand, in diffuse large B-cell lymphoma (DLBCL) and Burkitt lymphoma (BL), next-

generation sequencing (NGS) studies have revealed recurrent mutations of genes belonging to the 

BCR pathway, converging in the two different types of intrinsically deregulated downstream BCR 

signals—namely, chronic active signaling in DLBCL and tonic signaling in BL [20,21].   

In DLBCL, mutations affecting the BCR pathway are particularly enriched in cases showing the 

activated B-cell–like (ABC) molecular phenotype. In particular, mutations of CD79B and CARD11 

have been identified in about 10% of ABC DLBCL cases. These mutations are sufficient to 

intrinsically activate survival signaling in the malignant B cells and obviate the need for upstream 

BCR signaling. Most of sporadic Burkitt lymphomas (sBLs) (∼70%) harbor gain-of-function 

mutations affecting the TCF3 gene or mutations disrupting the TCF3-negative regulator ID3. The 

progressive acquisition of mutations in the TCF3/ID3 genes resulting in intrinsic activation of BCR 

signaling, thus neoplastic clone may grow independently of EBV.  Conversely, in endemic Burkitt 

Lymphoma (eBL), due to chronic Plasmodium falciparum malaria stimulation continues to reactivate 
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Figure 2. BCR activation in B-cell lymphomas 

latently EBV-infected memory B cells, the intrinsic activation of BCR is not the more relevant 

pathogenetic mechanism [22-24].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3.1 BCR activation in Burkitt Lymphoma (BL) 

In BL, different data suggested that a strong antigenic pressure could potentially be related to 

prolonged microenvironment interactions, by which virus such as Epstein Barr Virus (EBV) may 

directly trigger malignant B-cell transformation by “chronically” activating B-cell clonotypes 

expressing BCRs reacting against selected viral epitopes and thus promoting neoplastic clone growth.  

In EBV+ BL cases, viral LMP2A protein mediates viral latency by mimicking a constitutively 

activated BCR. In vivo, LMP2A provides developmental and survival signals to BCR-negative B 

cells, allowing them to survive in peripheral lymphoid organs, cooperating in reprogramming the 

function of normal B-lymphocytes and enhancing MYC-driven lymphomagenesis through the 

activation of the PI3K pathway [26, 25].  “Tonic” BCR signalling, which provides an antigen-

independent constitutive baseline signal, induces cell survival in the majority of BL. An important 

component of the tonic BCR signalling pathway is Transcription factor 3 (TCF3) which normally 

increases the expression of BCR, leading to increased PI3K signalling; BL largely depends on TCF3 

because it enhances pro-survival PI3K signalling. In some instances, TCF3 is mutated which is 

usually a gain of function. These mutations can promote the cells to become independent of EBV. 

Another potential cellular compensation through the gain of function of TCF3 mutations is the loss 

of expression of LMP2A, which is known to activate the PI3K pathway to mediate B cell survival 
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thus, a mutation that removes the need to stimulate the PI3K pathway might allow for the loss of 

expression of LMP2A. Through hierarchical clustering of both endemic and sporadic cases on TCF3 

target genes, Abate et al; found that the TCF3 pathway was more activated in EBV-negative cases, 

as indicated by the significant negative enrichment of TCF3 target genes in EBV-positive samples. It 

is possible that these mutations are found in EBV-negative BL because they lose their dependence on 

EBV and, therefore, no longer maintain EBV DNAs following the acquisition of these mutations in 

TCF3, along with other compensatory cellular mutations ( Figure 3) [27-29].  

 

 

Figure 3. "Tonic" and "chronic" activation of BCR 

1.4 CAN MICROENVIRONMENT INTERACTIONS REPLACE BCR 

FUNCTION IN PROMOTING LYMPHOMA GROWTH? 

The relationship of B cells to their microenvironment is crucial for the establishment of altered 

proliferative/apoptotic pathways, which are hallmarks of lymphoma pathogenesis. The generation of 

Ig-negative B cells during tumor progression should result in these cells lacking essential survival 

and proliferation signals provided through BCR signaling [30]. This selective pressure for BCR-

negative cells means that only those that receive sufficient compensatory signals can survive and 

possibly persist. Following genetic alterations accumulated by tumor cells before the loss of the BCR, 

compensatory signals are activated, which lead these cells to resistance to apoptotic stimuli and to 

better proliferation [31]. In a scenario like that of the tumor microenvironment, BCR-negative 

malignant B cells could also remodel the interaction with surrounding immune and stromal cells, 

possibly receiving extrinsic cell survival and proliferation signals through the activation of alternative 

signaling pathways. Clues to the nature of microenvironment-related stimuli that could be positively 
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influencing. It is still unclear how the microenvironment might positively influence the expansion of 

BCR-negative lymphoma cells [32]. Stromal adhesion and microenvironment-derived signals that 

underpin BCR-deficient malignant B cells could be related to a disruption of some chemokines. For 

example, in GC B cell-derived tumors, interference with BCR expression/function could increase 

CXCR4 expression, and thus, possibly, its signaling following binding to CXCL12 released from 

neighboring stromal cells [33,34].  
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2.   Tumor microenvironment (TME) in 
B cell lymphomas 

2.1 TME: A PHYSICAL BARRIER AROUND TUMOR CELLS 

The tumour microenvironment is a complex and continuously evolving network of various 

interactions between immune cells and non-cellular components such as immune cells, stromal cells, 

cytokines, blood vessels, and extracellular matrix components, including sclerosis, whose 

composition is guided by the neoplastic cells and which in turn, influence tumour initiation, 

progression, and drug resistance. The role of TME is a key characteristic of lymphomagenesis and 

progression, in addition to somatic mutations and inflammation, thus sustaining tumour proliferative 

signalling, resisting cell death, and evasion of growth suppressors [35,36]. In addition, tumour cells 

also use these interactions to generate immunosuppressive mechanisms that promote tumour escape 

from immune surveillance, leading to disease progression. and immune escape mechanism.  

Therefore, TME is a dynamic and interactive entity that forms a physical barrier around tumour cells. 

A full understanding of TME biology and the interaction between lymphoma cells and TME, as well 

as the host immune system and the TME, is necessary to provide distinctive insights into therapeutic 

potential [37,38] 

2.2 TME OF B CELL LYMPHOMAS  

The TME of B-cell lymphomas is highly variable in terms of both the spatial configuration and 

composition of cells, playing an important role in the origination, invasion, and metastasis of B cell 

lymphomas. Scott and Gascoyne suggested three models that divide the wide range of TME described 

in B-cell lymphomas with a range of tumour cell content, ranging from ∼1% in Hodgkin's lymphoma 

to typically more than 90% in Burkitt's lymphoma (figure).   

The determinants of composition and spatial arrangement of the TME include the genetic aberrations 

that are harboured by the malignant cells, the degree to which these cells remain dependent on 

external stimuli for survival, proliferation and immune evasion, and the inflammatory response of the 

host. The interplay between these elements produces three main pattern of tumour microenvironments 

observed within the various lymphoma subtypes. 
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FL best represents the 're-education' model. In this case, during the course of the disease, malignant 

cells depend on cells in the microenvironment for survival and proliferation signals. In many cases, 

the composition and spatial arrangement of cells within the tumour resemble those of normal 

lymphoid tissue, with neoplastic nodules resembling reactive germinal centres with prominent 

follicular dendritic cells (FDC) and follicular T helper cells (TFH). The second patter is the 

'recruitment' model, recognizable in classical Hodgkin's lymphoma (cHL). The tumour 

microenvironment comprises an extensive supportive environment of non-malignant cells that are 

distinct from the composition of normal lymphoid tissue, surrounding the infrequent malignant 

Hodgkin Reed-Sternberg cells (HRS cells). Last, the 'effacement' model comprehends Burkitt 

lymphoma (BL), where genetic aberrations, such as MYC translocation and cooperating mutations, 

cause the microenvironment to grow and survive independently. In these lymphomas, the composition 

of microenvironment is poor, with extensive infiltration by malignant cells. The only 

microenvironment is the occasional Tingible-body macrophages. In fact, these tumors are 

characterized by a scarcity of reactive T cells (Figure 4) [39].  

 

Figure 4. TME in B cell lymphomas 
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The neoplastic cells influence the composition of the microenvironment, which consists of the 

remnants of normal lymphoid tissue, effaced, or infiltrated by malignant cells and the host 

inflammatory response. Thus, neoplastic cell impact on the TME by homing to anatomic sites that 

contain potentially supportive cells that further alter these environments by recruiting and then further 

alter these environments by recruiting cells and/or influencing their differentiation.  

Lymphoma cells acquire a homing and trafficking mechanism like non-malignant cells to locate 

tumor-promoting environments. In this scenario, chemokines and adhesion molecules are important 

in the homing of normal and malignant B-cells, and thus in the dissemination of lymphoma [40].  

Chemokines are chemoattractant cytokines that regulate the migration of specific populations of cells 

during homeostasis and when mounting an immune response; however, this tightly regulated system 

is often hijacked by lymphomas and associated cells within the microenvironment to attract 

immunosuppressive cells to the tumor. Emerging results indicate a considerable concentration of 

CCL2 in tumor tissue, suggesting that the presence of CCL2 may contribute to tumor spreading and 

pre-metastatic niche formation.  high levels of CCL2 promote polarization of TAMs to an immune-

regulatory phenotype, which is considered a consequence of tumor cell-mediated immune 

modulation. In particular, CCL2\CCR2 axis acts as potent factor for M2 polarization contributing to 

anti-inflammatory response [41].  

A pivotal chemokine, CCL22 is mainly expressed by macrophages and dendritic cells, while its 

receptor C-C motif receptor 4 (CCR4) is mainly expressed by T cells. It has been reported that NHL 

biopsy specimens also expressed significantly high levels of CCL22, suggesting a possible 

mechanism for recruitment of immunosuppressive CCR4+ Tregs to the tumours.  With regard to the 

tumour microenvironment, CCL22 polarize TAMs toward M2 macrophages. CCR4 is also known as 

a marker of regulatory T cells (Tregs) and Th2 cells. CCL22 attracts Th2 cells via CCR4 increasing 

Th2 cytokines [e.g., interleukin (IL)-4], which leads to the increased expression of CCL22 in M2-like 

macrophages [42]. High expression of the chemokine CCL17 are found in M2-polarization, being 

one up-regulated marker of an IL4-polarized M2 macrophages. Indeed, CCL17 and CCL22 are both 

ligands of the CCR4 receptor and alternatively activated M2 macrophages in response of Th2 

cytokines such as IL-4, and IL-13.
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Figure 5. Macrophages can act as key effectors in the 

cancer-immunity cycle 

2.3 COMPONENT OF TME: ROLE OF MACROPHAGES 

TME components, instead of being bystanders, are essential for initiating and maintaining carcinogenesis 

playing a pivotal role in tumour growth and metastasis. The TME can be divided into two parts: the non-

immune microenvironment, that express different biomarkers and play a variety of roles in the tumorigenesis 

and prognosis of B-cell lymphoma, and the immune microenvironment that mediate the immunosuppressive 

microenvironment and escape immunity. The nonimmune microenvironment mainly consists of stromal cells, 

including cancer-associated fibroblasts (CAFs), extracellular matrix (ECM), pericytes, mesenchymal stromal 

cells, and other secreted molecules, such as growth factors, cytokines, and chemokines. Both cellular and non-

cellular components of the TME The immune microenvironment is composed by T and B lymphocytes, 

tumour-associated macrophages (TAMs), myeloid-derived suppressor cells (MDSCs), tumour-associated 

neutrophils (TANs), and natural killer (NK) cells, dendritic cells (DCs) and others. These components mediate 

the immunosuppressive microenvironment and escape immunity [43].  

 

2.3.1 The “scavengers” of the human body 

Macrophages were discovered at the end of the 19th century by Ellie Metchnikoff, who observed 

phagocytosis and classified the phagocytes as “macrophages”. As innate differentiated immune cells, 

macrophages play a key role in tissue development, homeostasis, tissue repair, and pathological 

conditions. Macrophages act mainly as functional immune effector cells evoking an immunological 

response to link innate and adaptive immune responses that contribute to a biochemical milieu 

involving complex inflammatory events. In response to multiple biological stimuli in the TME, 

macrophages are recruited locally and differentiate in TAMs, thereby affecting tumour progression. 

TAMs are responsible for the inhibition of recruitment and activation of T cells via secreting various 

chemoattractants, including chemokines, cytokines and some complement components (Figure 5).    
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Owing to the complex tissue niche, macrophages exhibit extreme plasticity, varying their 

transcriptional landscape and function. Based on this, in the last two decades, macrophage 

polarization has become increasingly relevant for the role in lymphomagenesis, contributing 

differently to the immune microenvironment. Macrophage polarization considers the broad outlines 

of macrophage activation in inflammatory and physiological settings at a given point in time and 

space. In recent years, a model has been developed to describe the complex mechanism of 

macrophage activation as polarization towards two opposite states, M1 with proinflammatory 

properties and M2 with protumoral properties [44]. The M1/M2 nomenclature was inspired by the 

Th1 versus Th2 nomenclature. M1 macrophages have pro-inflammatory phenotypes and mainly exert 

pro-inflammatory, anti-bacterial, and antitumor functions by secreting pro-inflammatory cytokines, 

thus arise in inflammatory settings dominated by Toll-like receptor (TLR) and interferon signalling. 

M2  macrophages have anti-inflammatory phenotypes and mainly exert pro-repair, pro-tumoral and 

antiparasitic functions. M2 macrophages are found in settings dominated by Th2 response, such as 

helminth immunity, asthma, and allergy. Macrophage polarization can occur at any moment during 

the inflammatory process. The simultaneous presence of T cells producing interferon-gamma and 

interleukin – 12 (IFN-γ, IL-12) or interleukin 4 – interleukin 10 – interleukin 13 (IL-4, IL-10, IL-13) 

tilts polarization toward M1 or M2, respectively, depending on the amount of cytokine, time of 

exposure, and competition for cytokines. This leads to dramatic changes in their physiology, including 

alterations in the expression of surface proteins as co-stimulatory molecules and the production of 

cytokines and pro-inflammatory mediators that influence T-cell differentiation. A fundamental 

phenomenon in M1 / M2 polarization is the differentiation of CD4 + T cells into Th1 and Th2 effector 

cells; Th1 cells are controlled by the transcription factor T-box protein expressed in T cells (T-bet; 

also called TBX21) and Th2 cells are controlled by GATA-binding protein 3 (GATA3). M1 

macrophages are the primary source of proinflammatory cytokines, which also promote cancer 

immunosurveillance and cytotoxicity. However, these effects are counterbalanced by M2 

macrophages with anti-inflammatory and protumoral effects (Figure 6) [45,46].  

 

Figure 6. The role of Th1 lymphocytes 
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In Burkitt Lymphoma, (BL), M2-polarized macrophages are the most prominent TME components. 

Infiltrating lymphoma-associated macrophages have been described as the classical “starry sky” 

histological appearance in BL. On the one hand, TAMs play important role in phagocytosis and 

scavenging of the cytoplasm, promoting the clearance of apoptotic tumor cells and tumor progression. 

Another important role of TAMs is bind PD-L1 on CD8+ T cells inhibiting inflammatory response 

and promoting evasion from the anti-tumor immunity of neoplastic cells. It has been reported, in Raji 

cells that the expression of PD-L1 is facilitated by secretion of cytokines (IL4/IL13) and 

phosphorylation of STAT3 and STAT6. Recent data suggest that TAMs may secrete cytokines and 

express immune checkpoints to promote immune suppression. However, the precise mechanism of 

the pro-tumor effect of TAMs in BL remains poorly understood.  
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3. BURKITT LYMPHOMA  
 

In 1958 Dennis Burkitt, a surgeon working in Uganda, described for the first time a common cancer 

affecting children in equatorial Africa regions. This tumour, called Burkitt lymphoma (BL), is an 

aggressive B cell non- Hodgkin lymphoma (NHL) characterized by the rapidly proliferating tumor 

involving jaws of African children. The World Health Organization (WHO) classification describes 

three clinical variants of BL: endemic (eBL), sporadic (sBL) and immunodeficiency-associated (HIV-

BL).  

 

Figure 7 . Overview of BL clinical variants 

All these subtypes are similar in morphology, immunophenotype, and genetics, but differ in their geographic 

distribution, epidemiology, risk factors, clinical presentations, and EBV association: 

• eBL is 100% associated with the presence of EBV and affects African children (50% of all childhood 

cancer), New Guinea and large areas of South America. This subtype implies an oral presentation, 

with mandibular and jaw localization. However, the tumour also involves the kidneys.  

• sBL, which is associated with EBV presence in 10/80% of cases, is usually observed in the USA and 

Western Europa (three cases per million persons) and is more common in the pediatric population. 

The sites involved were the abdomen, including the ileum and lymphnodes.  

• Immunodeficiency-associated BL is most commonly seen in HIV- positive patients and is associated 

with the presence of EBV in 30/40% of total cases (Figure 7) [47,48].  
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However, based on recent insights into BL biology, it is recommended by the 5th edition of the WHO 

classification of hematolymphoid tumors to distinguish EBV-positive and EBV-negative BL based on 

their molecular features despite the epidemiological context and geographic location [49].  

Furthermore, the BL subtypes also differ in terms of EBV association. In particular the virus is 

detected in 100% of endemic BL cases, 10-80% of sporadic BL cases and 30-40% of 

Immunodeficiency- associated BL cases. There are still many unsolved questions as to how EBV 

contributes to BL oncogenesis and the variable association of the BL epidemiologic subtypes with 

EBV presents a challenge to our understanding of the etiology of this malignancy. One of the 

paradoxes of determining EBV.s role in BL oncogenesis is the fact that only one EBV latent protein, 

EBNA1, is consistently expressed in BL. One observation that favoured the carcinogenic role of EBV 

in BL was the discovery that EBV is an extremely potent transforming virus in culture, as it is capable 

of converting >50% of B-cells into latently infected, continuously proliferating lymphoblastoid cell 

lines (LCLs) within days [50]. The link between EBV and human cancer is, however, evolving and 

may reside in the identification of the type of latency. Indeed, EBV can present three latent gene 

expression patterns: latency I, II and III. Although EBNA-1 and EBERs (latency I) are thought to be 

the only EBV genes expressed in endemic lymphomas, with a specific role in preventing apoptosis 

and neoplastic cell survival, other recent studies have found that a smaller percentage of these tumours 

present a new form of latency (so-called 'non-canonical' latency) with a different and broader gene 

expression profile than previously thought, in which LMP1 and LMP2 are expressed in 20% of BLs. 

Subsequently, further investigations showed that eBLs may consist of tumour cells expressing 

variable patterns of EBV gene expression, each of which confers a different level of resistance to 

apoptosis. Thus, EBNA-1, 3A, 3B, 3C and LP-positive and EBNA-2, LMP-negative Burkitt's 

lymphoma cells were the most resistant to apoptosis, while EBNA-2-positive, LMP1-negative 

Burkitt's lymphoma cells showed reduced but 'intermediate' resistance.  Other studies have suggested 

that biopsies taken from Burkitt's lymphoma masses may express other latent proteins, including 

LMP1, LMP2A and EBNA2. In particular, LMP2 appears to play a role in the early stages of BL 

development, where the survival signal allows the expansion of cells containing a MYC translocation. 

Expanded cells increase the likelihood of acquiring a p53 mutation, leading to tumour progression. 

After p53 mutation, tumour cells become less dependent on LMP2A and immune selection may 

explain the low levels of LMP2A present in tumour biopsies. For EBV-BL subtype, a hit and run 

mechanism has been proposed where EBV plays an initiating role in oncogenesis, but viral genome 

is lost. Recent study identified “traces” of EBV infection in BL primary tumors where they detected 

EBV miRNA but not EBER. Analysis of cellular mutations in BL EBV- positive also has led to the 
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hypothesis that EBV can lost because compensatory mutations have occurred that substitute for the 

functions of EBV proteins [51,53].  

At the histological level, BL is characterized of medium-sized cells with a germinal center B- cell 

phenotype CD10+, BCL6+, BCL2-/weak, high Ki67 index (>95%) and an IG::MYC juxtaposition 

[49]. BL show histiocytes containing abundant cytoplasm dispersed among a background of 

basophilic tumour cells and a monomorphic population of rapidly proliferating B- cells with low 

cytoplasm. Normal infiltrating lymphocytes are not present while scattered phagocytic macrophages 

will give rise to the characteristic histological aspect of BL, known as the “starry sky” appearance. 

These macrophages along with mesenchymal stem cells, stromal cells, immune cells, and soluble 

factors represents the tumour microenvironment (TME). The activity of macrophages and their 

impact on the tumour immune response in BL remain unclear. However, TAMs may function as a 

potential intermediate of tumour advancement due to the secretion of chemokines, cytokines, and the 

expression of immune checkpoint-associated proteins such as Programmed Death-Ligand 1 (PD-L1). 

Interestingly, there are few cases of BL characterized by conspicuous granulomatous reactions, which 

can obscure neoplastic proliferation. The granulomatous reaction is a distinctive pattern of chronic 

inflammation characterized by nodular aggregation of inflammatory cells, predominantly activated 

macrophages, which are transformed into epithelioid cells. Macrophages in granulomas derive both 

from circulating monocytes attracted by chemotaxis, and from local, resident macrophages recruited 

by T cell-derived growth factors. CD4+ T cells accumulate in the center of epithelioid granulomas, 

whereas the majority of CD8+ T cells are found in their periphery. Usually, such cases are EBV-

positive, present in the early stage of disease, and may have spontaneous regression without therapy. 

The characterization of macrophages shows M1 polarization and pro-inflammatory response which 

can possibly explain spontaneous regression [46].  

3.1 MOLECULAR FEATURES OF BL  

All BL types are characterized by a chromosomal translocation juxtaposing MYC and the 

immunoglobulin heavy or light chain locus (IGH) [t (8;14)], bringing the MYC gene under the 

transcriptional control of an immunoglobulin locus. Overexpression leads to rapid B cell proliferation 

and apoptotic cell death. Precisely, most of the cases of Burkitt’s lymphomas presented 

the MYC translocation at band 8q24 to the Immunoglobuline heavy chain locus (IGH) (14q32) 

or, less commonly, at the lambda (22q11) or kappa (2p12) light chain loci (IGL). The reciprocal 

translocation t(8:14) occurs in approximately 80% of tumours, the remaining 20% being 

represented by t(2;8) and t(8;22). The first molecular difference in eBL and sBL was the 
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breakpoint differences in MYC traslocation. In African endemic cases, the breakpoint on 

chromosome 14 involves the heavy-chain joining region and originate from aberrant somatic 

hypermutation, whereas in sporadic forms, the translocation involves the heavy chain switch 

region. Finally, up to 10% of the cases may lack a demonstrable MYC translocation by 

Fluorescence In Situ Hybridation (FISH), otherwise evidenced using other molecular 

techniques. Translocation and deregulation involving MYC gene on chromosome 8 is highly 

characteristic but not specific for Burkitt’s lymphoma [54] . Emerging evidence suggests a dual 

mechanism of BL pathogenesis: virus-driven versus mutational, depending on EBV status. EBV-

positive and EBV-negative BL share evidence of coding mutations affecting pathways such as 

BCR and PI3K signaling, apoptosis, SWI/SNF complex and GPCR signaling. In comparison with 

EBV-negative BL, EBV-positive BL show significantly higher levels of somatic hypermutation 

particularly in noncoding sequences close to the transcription start site, harbours fewer driver 

mutations, particularly in apoptosis pathway, and show a lower frequency of mutations in the 

genes encoding the transcription factor TCF3 or its repressor ID3. With the advent of more 

comprehensive “omic” techniques were identified additional molecular pathway involved in BL 

oncogenesis. Other common pathways dysregulated in BL include mutation in ARID1A, 

SMARC4, MCL1, FBX011, DDX3X, CCND3, GNA13 [49,55,56].
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4. EPSTEIN BARR VIRUS (EBV)  
 

Fifty years ago, the idea that a virus could cause human cancer was controversial, and to date Epstein-

Barr virus (EBV) is the first human tumor virus to have been discovered. EBV (human gamma-1 

herpesvirus), is a member of Herpesviridae family, infects over 90% of adults usually without 

consequences or causing infection mononucleosis. In line with the systematic nomenclature adopted, 

the formal designation is human herpesvirus 4 (HHV-4). Serendipity event lead to the EBV discovery. 

A BL biopsy was on a delayed flight that reached the London laboratory later than expected. The 

microscopic examination showed the presence of transformed cells floating in the tumor mass and 

infected by small viral molecules. The virologist Anthony Epstein, who performed such analysis, 

claimed "Exhilarated to observe unequivocal virus particles in a cultured BL cell", and from that 

moment he established the first isolated cell line of human lymphoma. Later, EBV was classified as 

oncovirus, showing its ability to quickly convert approximately 3-10 % of lymphoblastoid cell lines 

(LCLs). The importance of this oncovirus is linked with several human cancers, including lymphoid 

and epithelial tumors. EBV is associated with about 1.5% of different types of human cancer 

worldwide, including 100% endemic Burkitt lymphoma (eBL), 30% Hodgkin's lymphoma cases 

(HL), 10% gastric carcinoma cases (GC), 5-10 % Diffuse large B cell lymphoma (DLBCL) and 1-

3% cases of follicular lymphoma (FL) [57-59].  

4.1 EBV INFECTION  

The infection is asymptomatic, and the virus establishes a life-long infection in the memory B-cell 

that represents the main reservoirs of the virus. Similarly to Herpesviridae family members, EBV is 

characterized by three-layer configuration:  the outer envelope containing viral glycoproteins for the 

host recognizing and a double lipoprotein membrane (pericapside), the inner (pseudo)icosahedral 

nucleocapsid enclosing 172 kb of double-stranded DNA and the middle pleomorphic tegument 

compartment. During primary infection, after an initial burst of replication burst of replication in the 

oropharyngeal epithelium, EBV infects the B lymphocytes of the oropharyngeal mucosa. The target 

cells of the virus are the B-lymphocytes, which present the CD21 receptor on their membrane, that 
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bind the viral glycoproteins gp350 and gp220 present on the virus surface . The viral infection can be 

explained by two models: the "germinal center" and the "direct infection" models of virus persistence 

(Figure 8).  

  The first model provides an initial infection of naive B cells that guide the expansion of EBV +.  This 

phase is known latency program III and leads to the cell proliferation of infected cells.  This latency 

is characterized by the expression of all latent genes including Epstein- Barr Nuclear Antigen 

1\2\3(EBNA1\2\3), latent membrane protein 1\2 (LMP1\2), BZLF1, BRLF1. 

Then, the infected cells will go in the germinal center (GC) and switch to a latency program II, which 

offers the signals for the survival in the GC. This type of latency is characterized by a lower number 

of viral proteins as EBNA1, LMP1 /2. LMP proteins, homologues to CD40 and 

BCR signaling respectively, are required for the cell survival and exit of EBV infected cells from the 

GC.  These cells will differentiate in memory B-cell cell and will not express viral proteins (latency 

0) to evade immune recognition. EBNA1 only will be expressed because is essential for the 

segregation of viral episome to daughter cells (latency I).  Furthermore, EBNA1 is apparently able to 

regulate key survival genes in B cells. On the other hand, LMP1 can modify cellular transcription 

through a multitude of mechanism that include the overexpression of the transcription factors, through 

DNA methyltransferases and protein arginine methyltransferases. The "direct infection" model 

suggests two different way of infection: EBV infects directly GC B cells that continue to proliferate, 

or memory B cells are directly infected by EBV and then will proliferate enter in the GC.  

 Once inside the host's cells, the viral genome can be observed in an episomal form, in which the viral 

circular DNA remains separated from the human genomic material. In particular condition, the virus 

can be virus embedded in host genome, as mainly observed by in vivo experiments. After infected the 

B lymphocytes, EBV governs the synthesis of some viral proteins, which interfere with the cellular 

 Figure 8. Two different models of EBV life cycle in B cells system 
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DNA modifying the expression of numerous target genes and leading to B lymphocytes 

immortalization.  

EBV infection presents two different strategies: lytic and latent state. The first, characteristic of most 

viral infections, consist of a viral replicative cycle (lytic state) where the infected cells will be 

disrupted and will infect other target cells. The second, a fascinating property of EBV, involves a 

latency state in which the virus does not multiply inside the cell but transmits its genome to the 

daughter cells. The switch from latency to the lytic cycle is intermediated by two viral transactivator 

proteins called BZLF1 and BRLF1, which control the expression of other viral and cellular genes 

necessary for EBV DNA synthesis. In particular, these two proteins activate a cascade of events, as 

well as the sequential expression of frequent “early” and “late” viral genes that lead to cell death and 

the release of other virions. 

During latency EBV expresses specific latency genes including EBNA-1, -2, -3A, -3B, -3C, -LP, 

LMP1 and LMP2 (two isoforms, LMP2A and LMP2B), non-coding RNAs such as EBER-1 and -2, 

BRLF1, BHRF1-miRNA and BART-miRNA. Latency gene expression program causes proliferation 

and resistance to cell death in the infected cells. On the other hand, the lytic genes include viral 

transcription factors (BZLF1), viral DNA polymerase (BALF5) with associated factors, viral 

glycoproteins such as gp350 and  gp110 and structural proteins. Based on the gene expression pattern 

we can distinguish three types of latency, each of that is associated with different EBV-related 

tumours. Type III latency is the less restrictive form, its gene expression program (growth program) 

is characterized by the expression of all of the EBNAs as well as the LMPs and can be appreciated in 

naïve B-cells of healthy carriers, in post-transplant lymphoproliferative disease (PTLD) and DLBCL. 

According to the germinal centre model after type III latency program activation, B-cells undergo 

germinal centre reaction and only three latent EBV proteins, EBNA1, LMP1, LMP2, can be found in 

centroblasts and centrocytes, this kind of gene expression profile defines the type II latency (default 

program). Type II latency expression is appreciable in Reed-Sternberg cells in HL, as well as BL, 

with additional LMPs down-regulation. 

During type II latency  LMP1 and LMP2A, being  CD40 and B-cell receptor (BCR) homologs 

respectively, provide the necessary signals for survival and post-germinal centre differentiation of the 

EBV-infected B-cells, allowing them to gain access to the memory B-cell pool, in which EBV will 

persist in latency 0. No viral proteins are expressed during latency 0 but when cell division occurs, 

EBNA1 restart to be expressed, this determines the switch to type I latency.  BZLF1 and BRLF1 are 

viral transactivator proteins that allow the switch from latency to lytic cycle. During type I latency 

the expression is limited to EBNA-1, EBER and BARTs and occurs during the homeostatic 

proliferation [60-66]. 
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4.2 MOLECULAR FEATURES ASSOCIATED TO EBV 

EBV-associated versus non-EBV-associated malignancies differ regarding their gene 

expression profiles, metabolism, signal transduction and their immune escape mechanism. It 

has been reported that EBV may induce a strong up-regulation of PD-L1 expression both 

directly on the surface on the surface of human primary monocytes, or directly on neoplastic 

cells, through its viral protein LMP-1 which interfere with downstream cellular signaling to 

induce an immune tolerant niche for EBV-related tumors. In addition, there is sufficient 

evidence that tumor cells in EBV-positive lymphomas depend on the TME for certain 

stimulatory factors. The most important pathways involved in tumor cell promotion in EBV-

associated malignancies are the NF-kB and JAK/STAT pathways [67].  

o PD-L1\PD-1 pathway and escape mechanism 

PD-L1 is an immune checkpoint gene that when translated becomes a major regulator of T cell 

function and, after engaging Programmed cell death protein 1 (PD-1), leads to an altered functional 

state of T-cells, namely T cell exhaustion. The expression of PD-L1 in B-cell lymphoma remains 

controversial, especially in BL. Indeed, PD-L1 has been reported in 80% of BL cases (8 out of 10) by 

Majzner. However, the constitutive association between EBV and BL, especially with endemic 

Burkitt lymphoma, presents questions regarding the role of the virus in modifying and actively 

shaping the TME. Indeed, EBV orchestrates a variety of complex mechanisms favouring the escape 

of lymphoma cells from anti-tumour immune responses while stimulating the creation of niches in 

which tumour cells may find support for their growth and survival. EBV may induce a strong up-

regulation of PD-L1 expression both directly on the surface of human primary monocytes and 

indirectly on neoplastic cells through its viral protein LMP-1, which interferes with downstream 

cellular signalling (i.e., JAK/STAT) to induce an immune tolerant niche for EBV- related tumours. 

LMP-2 may also exert its tolerogenic effect by affecting crucial cell-cycle regulating pathways such 

as PI3K/Akt, which plays a critical role in PD-L1 expression [69,70].  

o The JAK/STAT pathway  

The Janus Kinases–Signal Transducer and Activator of Transcription (JAK/STAT pathway) is 

mediated via cytokine receptors. Upon binding of the cytokines (IL-6, IL-8, and IL-10) to the Class I 

cytokine receptors, dimerization occurs, and JAK proteins are phosphorylated. This leads to 

phosphorylation and dimerization of STATS, which moves to the nucleus and functions as a 

transcription factor. Many EBV-related malignancies are characterized by dysregulation of the 

Jak/STAT pathway. The EBV tegument protein BGLF2 has been identified as a potent suppressor of 
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JAK-STAT signalling. This is achieved by inhibiting two essential proteins, STAT1 and STAT2, which 

mediate the antiviral activity of interferons. BGLF2 recruits the host enzyme to remove the phosphate 

group from STAT1, thereby inactivating its activity. BGLF2 also redirects STAT2 during degradation. 

Tan et al. discovered that in EBV+ BL, the JAK/STAT pathway is constitutively activated by the 

amplification of JAK2 or, in some cases, mutations in the inhibitors PTPN1 and SOCS1 [69]. In 

addition, LMP1 interacts with JAK3 and activates STAT1 in B cells, which promotes corresponding 

transcriptional regulation in the nucleus and can provide feedback and enhance the regulation of its 

own expression (Figure 9). LMP1 enhances the transcription of AP-1 through JAK/STAT and 

promotes the expression of PD-L1 to avoid immune surveillance. LMP1 and LMP2A can activate 

HLX to inhibit apoptosis [67].  

 

Figure 9. JAK-STAT signalling pathway influences EBV oncogenesis 

 

o The NF-kB pathway  

The nuclear factor kB (NF-kB) is a critical transcription factor involved in a broad range of 

biological processes, including immune responses, cell survival, stress response and maturation 

of various cell type. NF-κB regulates the growth and survival of B cells, interlinking with 

numerous other pathways, including B cell receptor signaling, PI3K/Akt/mTOR signaling, and 

toll-like receptor signaling pathways. The BL EBV- positive signature includes increased 

expression of NF-κB and its activation depend on upstream signaling of phosphatidylinositol 3-

kinase (PI3K), which plays a key role in survival signaling. The NF-κB pathway can be divided 

into canonical and non-canonical pathways. The canonical promotes inflammation, cell 

proliferation and cell survival and involves BCR.  It has been reported that, Decoy receptor 3 

(DcR3) in Nasopharyngeal carcinoma  (NPC) tissues is upregulated in vitro by LMP1, and 

binding TNSFSF14 can enhances migration and invasion via NF-κB. The non canonical pathway 

regulates lymphoid development, has anti-inflammatory activity. In EBV-positive Gastric cancer 

(GC) the virus activates CD40 signaling and promotes survival and proliferation. Thus, signals 

derived from the TME can stimulate the non-canonical pathway [70,71].  
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5.   Immune landscape in BL 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BACKGROUND 

Over recent years, the understanding of the biology of B-cell lymphomas has advanced significantly 

with the identification of the role played by the tumour microenvironment (TME) in 

lymphomagenesis [1, 2]. The TME of B-cell lymphomas mainly contains variable numbers of 

mesenchymal stem cells, immune cells and soluble factors. The complex interplay between tumour 

cells and TME regulates tumorigenesis and provides novel targets for immunotherapies [3, 4]. In 

aggressive lymphomas, particularly in BL, due to their high proliferation rate, intensive chemotherapy 

is required to counteract proliferation and dissemination of neoplastic cells. Unfortunately, these 

burdensome treatments are not as effective in elderly and immunocompromised patients [5]. 
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Furthermore, in equatorial Africa, where BL is the most common childhood cancer, the prognosis of 

BL is still poor because the intensive therapeutic regimens often result in a severe neutropenia, with 

fatal consequences in resource poor settings [6–10]. Shortcomings of current BL therapies make the 

exploration of new therapeutic avenues a substantial and reasonable aim [7]. Therefore, a proper 

characterization of the TME in BL might be helpful to identify alternative therapeutic targets. One of 

the histological hallmarks of BL is the high content of tumour-associated macrophages (TAMs) 

involved in apoptotic tumour cell clearance that confer the so-called starry-sky appearance [11]. 

Although little is known about the functional status of macrophages and their impact on tumour 

immune response in BL, TAMs may function as potential mediator of tumour progression through 

secretion of chemokines, cytokines and expression of immune checkpoint-associated proteins as PD-

L1 [12, 13]. The expression of PD-L1 in B-cell lymphoma remains controversial, especially in BL. 

Indeed, PD-L1 has been reported in 80% of BL cases (8 out of 10) by Majzner [14]. However, this 

result was not reproduced by others [15]. Moreover, the role of the antigenic signature of Epstein 

Barr virus (EBV) in modulating the tumour microenvironment and the expression of immune-tolerant 

proteins has not been analysed in any of these studies. These different and somehow discordant results 

may be due to the diverse latency program of EBV infected cells and thus to different patterns of viral 

genes expression. The constitutive association between EBV and BL, especially with endemic Burkitt 

lymphoma raises questions regarding the role of the virus in altering and actively shaping the tumour 

microenvironment [16–20]. Indeed, EBV orchestrates a variety of complex mechanism favouring the 

escape of lymphoma cells from antitumour immune responses while promoting the creation of niches 

in which tumour cells may find support for their growth and survival [19–22]. Computational methods 

such as GEP deconvolution allow high sensitivity discrimination of cell subsets within complex 

tissues, as tumours [23]. These approaches provide quantitative/ functional information also on rare 

tumour-infiltrating elements, offering the unprecedented opportunity of reanalysing available 

genomic data and identifying the immune signature. Here, we applied the computational algorithm 

CIBERSORT to GEP datasets of 40 BL samples previously published by our group [24], including 

endemic BL (eBL), sporadic BL (sBL) and immudeficiency associated BL (idBL) cases, to draw a 

map of immune and stromal components of TME. Finally, in order to validate GEP preliminary data, 

we applied multiplex immunohistochemistry to an additional cohort of 24 cases. These results were 

further supported by Vectra analysis of additional 16 BL by immunofluorescence. Thus, a total of 80 

BL cases were included in the study. In addition, we investigated the PD-1/PD-L1 pathway activation 

status and the contribution of EBV in PD-L1 induction as alternative mechanism responsible for 

immune evasion.  
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METHODS 

CIBERSORT and gene set enrichment analyses  

A CIBERSORT-based deconvolution of GEP datasets (GSE26673) from 40 BL samples (13 eBLs, 

21 sBLs, 6 idBLs; discovery cohort), previously published [24], was carried out using a 547-gene 

signature matrix customized for characterizing tissue sample immune cell composition, according to 

CIBERSORT instructions (https:// cibersort.stanford.edu/) [23]. Briefly, normalized gene expression 

data were used to infer the relative proportions of 22 types of infiltrating immune cells while gene 

expression datasets were prepared using standard annotation files and data uploaded to the 

CIBERSORT web portal (http://cibersort.stanford.edu/), with the algorithm run using the default 

signature matrix at 1000 permutations. Gene set enrichment analysis (GSEA) was run on GSE26673.  

Multiplex immunohistochemistry  

Multiplex immunohistochemistry was performed on 24 FFPE BL cases (12 eBL, 8 sBL and 4 idBL; 

validation cohort 1) which were retrieved from the Departments of Histopathology, University 

College Hospital, London (UK); Medical Biotechnologies, University of Siena, Siena (Italy); 

University of Nairobi, Nairobi (Kenya) and Istituto Lazzaro Spallanzani, Rome (Italy). The diagnosis 

of BL was issued by expert hematopathologists following the criteria described in the revised 4th 

edition of World Health Organization classification of tumours of Haematopoietic and Lymphoid 

Tissue [25]. Single immunohistochemistry for the diagnostic antibodies, for EBV antigens and EBV 

in situ hybridization was carried out on the Bond III Autostainer (Leica, Microsystems, Newcastle 

upon Tyne, UK) by following the manufacturer’s instructions. By applying multiplex 

immunostaining (IHC), we investigated the simultaneous expression of: a) CD68 (Abcam, ab 955, 

1:150) brown, CD-163 (Abcam, Ab87099, 1:100) red and C-Maf (Abcam, Ab243901, 1: 150,) blue; 

b) PD-1 (Abcam, NAT105, 1:100) brown and CD8 (Leica Biosystem,4B1, 1:200) red and Granzyme 

B (Abcam134933, marker for T- cell activation) blue c) PD-L1 (ab238697, Abcam, 1:100) brown, 

CD-163 (Abcam, Ab87099, 1:100) red and MYC (Abcam, Ab32072, Y69 clone, 1:150) in blue;. The 

triple immunostaining was assessed as previously described [26]. The colour assignment and staining 

location are: a) PD-L1 brown/membranous; CD-163 red/membranous; C-MYC blue/nuclear b) PD-

L1, brown/membranous; CD163 red/ membranous; C-Maf blue/nuclear; c) PD-1 

brown/membranous; CD8 red/membranous and Granzyme B blue/ nuclear. Tissue sections from the 

same set of cases and without antibody/chromogens were used as negative control. The percentage 

of each cell population characterized by multiplex immunostaining was calculated by counting the 

individual cell types in 10 hpf using a 40x objective (NIKON Eclipse E400).  
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Multiplex immunofluorescence staining  

Multiplex immunofluorescence (mIF) was carried out on 16 formalin fixed paraffin embedded 

(FFPE) endemic BL cases (validation cohort 2), belonging to set of samples previously studied and 

well characterized for EBV latency program [27]. Multiplex IF was applied to simultaneously detect 

the expression of: a) CD68 (Abcam, ab 955, 1:150) and CD163 (Leica Biosystem, 10D6, 1:200); b) 

PD-L1 (Dako, clone 22C3, 1:100) and CD163 (Leica Biosystem, 10D6, 1:200); c) PD-L1 and EBV-

LMP2A (Abcam, clone 15F9, ab59028, 1:200). These double stainings use red and green or magenta 

and green chromogens. The colour assignment and staining location are: a) CD68 red/membranous; 

CD163 green/ membranous; b) PD-L1, green/membranous and CD163, pink/membranous or PD-L1, 

green/membranous and CD163, red/membranous; c) PD-L1, red; LMP2A green/ membranous. The 

staining procedure was established according to previously published work [28]. Tissue sections from 

the same set of cases and without antibody/fluorophore were used as negative control. Multiplex IF 

staining reaction and image analysis (including quantification of antibodies expression) were 

performed using the Vectra 2.0 system (PerkinElmer, Waltham, MA) and Tissue FAXSFluo slide 

scanning system (TissueGnostics, Vienna Austria) based on a Zeiss Axio Imager Z2 upright 

epifluorescence microscope. 

RESULTS 

 EBV status 

 EBV status and the viral proteins expression in all the study cases are reported in Table 1. In 

particular, in the discovery cohort EBV was positive in all of the eBL, in 6 out of 21 sBL and in 5 out 

of 6 idBL. In the validation cohort 1, all of the eBL cases (12/12) were EBV positive, of which 10 

expressed only EBNA1 by IHC while the remaining two were characterized by a non-canonical 

latency of EBV with the expression of both EBNA1 and LMP2A. Only two out of the 8 sBL cases 

were EBV positive showing a latency I expression pattern with the sole positivity of EBNA1. All of 

the idBL cases (4/4) were EBV positive and showed a latency of type I. In the validation cohort 2, all 

the eBL cases were EBV positive, with 11 out of 16 cases showing an EBV type I latency, while the 

remaining 5 cases exhibited a noncanonical EBV latency consisting of EBNA1 and LMP1 expression 

in one case and EBNA1 and LMP2A in the other 4. 
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CIBERSORT identifies M2-polarized macrophages as the most representative TME 

component in BL  

The computational algorithm CIBERSORT to GEP datasets from BL samples revealed a 

heterogeneous reactive milieu with slight differences in tumor microenvironment among the three 

BL subtypes (eBL, sBL and idBL), most likely reflecting their underlying immunological status. The 

analysis showed that macrophages with a M2 profile were the most represented population followed 

by CD8-positive T-lymphocytes and CD4 follicular T helper cells. In contrast, regulatory T-cells and 

M1 macrophages were poorly represented (Fig. 1).  

Multiplex IHC showed M2 macrophage polarization, cytotoxic T cells exhaustion and PD-L1 

expression in Burkitt lymphoma cells  

The analysis confirmed a shift towards M2 phenotype (CD68 + CD163+/c-maf +) in all BL cases of 

validation cohort 1 ranging from 60 to 80% of total TAMs (Table 2, Fig. 2a). In particular, the 

evaluation of M1 macrophages, defined by CD68+, CD163-, c-maf- cells showed very similar values 

among the series ranging from 20 to 40% of total TAMs. CD8/ PD1/ Granzyme B staining highlighted 

that the vast majority of CD8+ T cells coexpressed PD-1 ranging from 60 to 80 and 50% to 70% of 

total tumor infiltrating cytotoxic T cells for eBL and idBL respectively (insert Fig. 2a; Table 2). 

Interestingly, sBL cases, in which EBV was negative to a greater extent (6 out of 8 cases) showed a 

markedly lower PD1 expression on CD8 positive T cells (from 35 to 50% of total CD8+ cells; Table 

2). The vast majority of TAMs in eBL and idBL cases expressed PD-L1 ranging from 65 to 80% and 

from 55 to 75% (Fig. 2b, Table 2). Interestingly, PD-L1 expression on TAMs in sBL showed lower 

values (from 20 to 40%; Table 2). In addition, C-Myc/PD- L1/CD163 triple staining also disclosed 
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clusters of MYC/PD-L1 double positive cells in 2 eBL cases characterized by expression of LMP2A. 

PD-L1 expression in these cases was focal and heterogeneous with a degree of intensity from weak 

to strong in 10–30% of the total tumor cells, clustering with TAMs (Fig. 2b). The co-expression of 

PD-L1 and LMP2A in scattered neoplastic cells was then confirmed by double IF (insert Fig. 2b), 

identifying a possible correlation between EBV and LMP2A in PD-L1 induction. Of note, EBV negative BL 

(6 out of 24 cases) and conventional BL cases with canonical EBV type I latency characterized by the sole 

expression of EBNA1 (16 out of 24 cases) showed low or absent PD-L1 positivity ranging from 0 to 10% of 

total tumor cells. These findings indicate that PD-L1 checkpoint activation is more likely related to an unusual 

latency program of EBV rather than to the EBV presence itself. 
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Multiplex immunofluorescence confirmed the prevalence of M2 macrophages and revealed a 

heterogeneous PD-L1 expression. 

Tissue samples were studied by mIF and analyzed by VECTRA to quantify macrophages and PD-L1 

expression on 16 BL samples (validation cohort 2) stained for PD-L1, CD68 and CD163. In all the 

cases in validation cohort 2 the M2 macrophages were the most represented population ranging from 

66 to 78% of total TAMs (Fig. 3), thus confirming the CIBERSORT and mIHC results. In addition, 

the vast majority of them were positive for PD-L1 with a range of expression from 35 to 70% of total 

macrophages (Fig. 4; Table 3).  

Discussion 

Although multiple studies have investigated TME and PD-L1 expression in B-cell lymphomas, only 

limited, small studies have been conducted in BL [14–16]. In the present study, we extensively 

evaluated the TME composition, activation status and expression of inhibitory immune checkpoints 

both on the inflammatory infiltrate and neoplastic cells of BL tumors including eBL, sBL and idBL 

cases. Thus, we investigated PD-L1 expression and the contribution of EBV in fostering the activation 

of the PD1-PD-L1 axis. The influence of the microenvironment on cell proliferation and destruction 

varies greatly according to the inherent histotype of the lymphoma cell type [29–31]. In particular, 

Hodgkin lymphoma (HL) tissue often consists of relatively few monoclonal cancer cells but at least 

90% non-malignant cells (e.g., regulatory T cells), contributing to a rather unique surrounding 

immune ecosystem. On the other hand, BL seems to be largely devoid of such a supportive cellular 

environment, although the high content of Tumor-Associated Macrophages (TAMs) might play a 

distinct, specific, important role in neoplastic progression through secretion of chemokines, cytokines 

and immune checkpoint-associated proteins as PD-L1 [12, 13]. In the recent decade a model has been 
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developed to describe the complex mechanism of macrophage activation as a polarization towards 

two opposite states, namely M1 and M2, with pro-inflammatory and protumoral properties 

respectively [32–36]. TAM density in particular M2-TAMs have been associated with tumor 

progression and poor prognosis in DLBCL [37, 38]. In the present work, we identified a polarization 

towards a M2 phenotype of TAMs in all cases by applying three different approaches (CIBERSORT, 

mIHC and mIF) regardless of the subtype of BL, and thus, of EBV status. These cells, intimately 

associated with the neoplastic cells, constituted also the major source of PD- L1, which may inhibit 

the overall inflammatory response and allow the neoplastic cells to evade antitumor immunity. 

However, the lower rate of PD-L1 expression on TAMs in sBL, as compared with eBL and idBL, 

which are frequently associated with EBV, may suggest a role of the virus in inducing PDL1 

expression. PD-L1 is a major regulator of T cell function and, after engaging PD-1, leads to an altered 

functional state of Tcells, namely T cell exhaustion [39]. In this regard, we found that in eBL and 

idBL the vast majority of the CD8+ infiltrating T cells expressed PD-1 highlighting an adaptive 

immune response resistance mechanism in such cases. However, PD-L1 limits an antitumor immune 

response by signalling not only through PD-1 but also with nother receptor, namely CD80 (also 

named B7–1), expressed on the surface of activated CD8+ T cells [40–42]. The influence of the PD-

L1/PD-1 interaction on CD8+ T cell function has been extensively characterized and is known to 

limit CD8+ T cell responses by inhibiting TCR signalling, thus restricting CD8+ T cell survival, 

proliferation, and cytokine production. On the other hand, the role of the PD-L1/CD80 pathway on 

CD8+ T cell functions in BL is unknown, and thus, further studies are necessary. In addition, the role 

of PD-1 expression in Tumor Infiltrating Lymphocytes (TILs) on both lymphoid and epithelial 

malignancies is controversial [38]. PD-1 expression in CD8+ cells has been associated with the 

selective suppression of cytotoxic lymphocytes in EBV positive nasopharyngeal carcinoma [43]. On 

the other hand, the PD-1+ TILs have also been described to lack Tim-3 expression in papilloma virus 

positive cancers, and thus possibly representing activated T-cells [44]. Emerging evidence in EBV-

related malignancies indicates that the virus possesses the ability to actively shape the tumor 

microenvironment,  and favours its escape from anti-tumor immune responses through a variety of 

complex mechanisms [18]. EBV may induce a strong upregulation of PD-L1 expression both directly 

on the surface of human primary monocytes, or indirectly on neoplastic cells, through its viral proteins 

LMP-1 which interfere with downstream cellular signalling (i.e. AP1; JAK/STAT) [45, 46] to induce 

an immune tolerant niche for EBV- related tumors [47–49]. LMP-2 may also exert its tolerogenic 

effect by affecting crucial cell-cycle regulating pathways such as PI3K/Akt wich plays a critical role 

in PD-L1 expression [50–52]. Although PD-L1 expression has been largely investigated in B cell 

lymphomas, the distinction of its expression in cellular microenviroment and/or in tumour cells has 
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not been made in most studies [1–4]. Here we showed that EBV in BL might induce PD-L1 expression 

on tumor cells in a minority of cases characterized by a non-canonical latency with LMP2A positivity. 

On the other hand, it might influence PD-L1 upregulation on TAMs also in cases with canonical EBV 

latency I. However, the prevalence of M2 macrophages as primary constituent of the TME in BL is 

a constant finding in all BL subtypes and thus, macrophage polarization towards a pro-tumoral state 

seems an event related to the intrinsic characteristics of the tumor.  

Conclusions 

In conclusion, although based on a small sample size, our findings may provide insights on BL TME 

and its underlying mechanisms of immune evasion. The crosstalk between different actors including 

TAMs, PD-1/PDL1, T-cells, viral antigens and tumor cells may result in the failure of innate 

immunity in BL which results in M2 polarization.  Despite the good response to conventional therapy 

of BL, our data may provide a rationale for new immunotherapeutic strategies. 
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Background: In Burkitt lymphoma (BL) macrophages represent the main component of TME giving 

rise to the characteristic histological aspect of the “starry sky” pattern. However, in some instances, 

BL may show a granulomatous reaction and such cases are associated with a favorable prognosis and 

occasionally spontaneous regression. 

Objectives.The aim of the present work was to thoroughly characterize the immune landscape of BL 

subtypes: 7 EBV-positive BL with granulomatous reaction, 8 EBV-positive BL with the typical starry 

sky pattern, 8 EBV- negative BL with the typical starry sky pattern.  

Design\Methods: Genes expression profiling (GEP) of 23 Formalin-Fixed Paraffin- Embedded 

(FFPE) samples were performed on the NanoString nCounter using the PanCancer Immune 

ProfilingPanel consisting of 730 immune-related genes and 40 housekeeping genes.                       

Results: Based on unsupervised clustering of differentially expressed genes (DEGs) BL samples 

formed separated clusters, distinguishing EBV-positive BL with granulomatous reaction (cluster 1) 

from BL with typical starry sky, both EBV-positive and EBV-negative (cluster 2 and 3, respectively). 

We confirmed previous findings of differently enriched genes in NF-kB, JAK-STAT, BCR signaling 

pathways between EBV positive BL and EBV-negative BL. In addition, differences in immune 

response signature were identified between BL with granulomatous reaction and BL with typical 

starry sky. The TME signature in BL with starry sky pattern, both EBV- positive and EBV-negative, 
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showed an up-regulation of M2 secreted chemokines (CCL22, CCL17, CCL2, CCR4), IL4/ IL13 

pathway, M2-immune response genes (ARG1, ICOS, IDO1, LAG3, CD163, GATA3), immune  

checkpoint genes (CD274, PDCD1, PDCD1LG2, CTLA4) suggesting a M2- polarization in these 

cases. Conversely, these signatures were downregulated in BL with granulomatous reaction, resulting 

in a M1 polarization and a proinflammatory response.   

Conclusion: Due to their pivotal role, TAMs are promising targets for additional therapies in BL 

lymphoma and combining TAM-targeted therapy with conventional treatment may open up novel 

therapeutic avenues for therapy-refractory patients.  

 

INTRODUCTION 

The TME of B-cell lymphomas is highly variable in terms of spatial configuration and composition 

of cells, including inflammatory cells, blood and lymphatic vascular networks, and extracellular 

matrix [1]. Although the roles of the TME are not fully understood, increasing evidence suggests that 

the TME plays an important role in various processes, including the origin and dissemination of B 

cell lymphomas [2,3]. In aggressive lymphomas, particularly Burkitt Lymphoma (BL), owing to their 

high proliferation rate, intensive chemotherapy is the standard of care, but unfortunately these 

treatments are not as effective in elderly and immunocompromised patients [4]. Furthermore, in 

equatorial Africa, where BL is the most common childhood cancer, the prognosis of BL is still poor 

because the intensive therapeutic regimens often result in a severe neutropenia, with fatal 

consequences in resource poor settings. A full understanding of BL TME biology and the interaction 

between lymphoma cells and TME is expected to provide new strategies for targeted therapies and 

tumor prognosis prediction. 

Historically, three subtypes of BL have been recognized: endemic (eBL), sporadic (sBL), 

immunodeficiency-associated (HIV-BL). However, based on recent insights into BL biology, it is 

recommended by the 5th edition of the WHO classification of hematolymphoid tumors to distinguish 

EBV-positive and EBV-negative BL based on their molecular features despite the epidemiological 

context and geographic location [5,6].At the histological level, BL shows histiocytes containing 

abundant cytoplasm dispersed among a background of basophilic tumor cells and a monomorphic 

population of rapidly proliferating B- cells with a basophilic cytoplasm. Normal infiltrating 

lymphocytes are few, while scattered phagocytic macrophages give rise to the characteristic 

histological aspect of BL, known as the “starry sky” appearance [7]. These macrophages along with 

mesenchymal stem cells, stromal cells, immune cells, and soluble factors, represent the main 

component of TME of BL. The activity of macrophages and their impact on the tumour immune 
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response in BL remain unclear. However, TAMs may function as a potential mediators of tumor 

advancement due to the secretion of chemokines and cytokines, and the expression of immune 

checkpoint-associated proteins such as Programmed Death-Ligand 1 (PD-L1) [8,9,10]. Over the last 

two decades, macrophage polarization has become increasingly relevant for its role in 

lymphomagenesis, contributing differently to the immune microenvironment [11,12]. In recent years, 

a model has been developed to describe the complex mechanism of macrophage activation as 

polarization towards two opposite states: M1 with proinflammatory properties and M2 with pro-

tumoral properties. The M1/M2 nomenclature was inspired by Th1 versus Th2 nomenclature. M1 

macrophages are the primary source of pro-inflammatory cytokines, which also promote cancer 

immunosurveillance and cytotoxicity [13,14]. However, these effects are counterbalanced by M2 

macrophages with anti-inflammatory and pro-tumoral effects. 

Interestingly, there are few cases of BL characterized by conspicuous granulomatous reactions, which 

can obscure neoplastic proliferation. The granulomatous reaction is a distinctive pattern of chronic 

inflammation characterized by nodular aggregation of inflammatory cells, predominantly activated 

macrophages, which are transformed into epithelioid cells. Macrophages in granulomas derive both 

from circulating monocytes attracted by chemotaxis, and from local, resident macrophages recruited 

by T cell-derived growth factors. CD4+ T cells accumulate in the center of epithelioid granulomas, 

whereas the majority of CD8+ T cells are found in their periphery. Usually, such cases are EBV-

positive, present in the early stage of disease, and may have spontaneous regression without therapy 

[15-19]. Recent data using multiplex immunohistochemistry (mIHC) show that the TME of BL with 

granulomatous reaction is characterized by the prevalence of M1 macrophages and pro-inflammatory 

response, which can possibly explain the spontaneous regression of such cases [20]. In addition, the 

differences in the composition of the cellular and soluble components of the BL TME in both EBV-

positive and EBV-negative patients remain unclear. 

Therefore, the aim of this study was to further investigate the immune landscape of BL subtypes (7 

EBV-positive BL with granulomatous reaction, 8 EBV-positive BL with the typical starry sky pattern, 

8 BL EBV with the typical starry sky pattern) by applying NanoString technologies, focusing on the 

immune gene categories using a large panel of immune-related genes. 
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MATERIALS AND METHODS 

Case Selection 

Formalin- fixed paraffin-embedded (FFPE) BL samples was retrieved from the Department of 

Medical Biotechnologies (University of Siena, Siena, Italy) and University of Nairobi. The diagnosis 

of BL was issued by expert haematopathologists following the essential criteria reported in the 5Th 

Edition of the WHO classification of lymphoid tumors.  Diagnostic immunohistochemistry was 

performed on the Ventana BenchUltra (Roche diagnostic, Monza-Italia), according to the 

manufacturer’s instructions using a large panel of antibodies reported in Table .....To assess the 

presence of EBV, in situ hybridisation for EBV-encoded small RNAs (EBERs) was performed on all 

5 μm FFPE cases by an automated staining system (Ventana BenchMark ULTRA, Roche diagnostic, 

Monza-Italy), as previously described [10]. All steps were performed inside the instrument, from 

deparaffinization to counterstaining with appropriate positive and negative controls included in each 

staining run. A control slide prepared from a paraffin-embedded tissue block containing EBV-positive 

metastatic nasopharyngeal carcinoma in a lymph node accompanied each hybridization run. The 

EBER-ISH-stained sections were scanned and analysed by Hamamatsu NanoZoomer-XR digital 

whole slide scanner. 

Fluorescence in situ hybridization for MYC rearrangement and translocationt: (8;14) were performed 

for each cases, respectivelyusing a break-apart probe (BAP) (Vysis MYC Dual Colour Break Apart 

Rearrangements Probe; Abbott, Wiesbaden, Germany) and a dual fusion probe (MYC-IgH, 

ZytoVision GmbH, Bremerhaven, Germany); Bcl6 and Bcl2 rearrangement were performed for each 

cases, using a break-apart probe (BAP) (VysisBcl2\Bcl6 Dual Colour Break Apart Rearrangements 

Probe; Abbott, Wiesbaden, Germany) according to the manufacturer’s instructions. In addition, we 

used FISH to evaluate the gain of 11q alterations (ZytoLight SPEC 11q gain\loss Triple Color Probe). 

For each specimen, a 4- µm-thick tissue section embedded in paraffin was cut. Briefly, the slides were 

incubated in heat pretreatment solution, washed, digested, dehydrated, and hybridised with probes. 

At least 100 intact nonoverlapping nuclei were analysed manually on a Leica DM 600B (Leica 

Microsystems, Heerbrugg Switzerland) fluorescence microscope equipped with 40 ,6-diamidino-2-

phenylindole, Spectrum Green and Spectrum Orange filters. 

 

Immune-related gene expression profiling using the NanoString platform. 

 Digital multiplexed gene expression profiling (GEP) of 730 immune-related genes and 40 

housekeeping genes, was performed using the nCounter PanCancer Immune Profiling Panel 

(Nanostring technologies, Seattle,WA,USA) on primary diagnostic FFPE tumor tissue [21]. Total 
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RNA from 23 FFPE 10 µm-thick sections from each diagnostic samples was isolated usingRNeasy 

FFPE kit (Qiagen, Hilden, Germany). The protocol included deparaffinization, proteinase K 

digestion, extraction, elution or hydration procedures, and DNase treatment to obtain DNase free 

RNA. The RNA concentration was measured using the Qubit® RNA HS Assay Kit following the 

manufacturer’s instructions.  

Pathway and statistical analysis 

Gene expression data were normalized using DESeq2 package in R and hierarchical clustering, 

principal component analysis (PCA) and exploration of differentially expressed genes (DEGs) were 

performed. Graphs were plotted using ggplot2 and pheatmap packages in R. Gene set enrichment 

analysis (GSEA) was conducted using GSEA software v4.0.3. The reference data file annotated with 

immunological functions for 770 genes in the nCounter® PanCancer Immune Profiling Panel was 

downloaded from the NanoString Technologies website (https://www.nanostring.com/products/gene-

expression-panels/gene-expression-panels-overview/hallmarks-cancer-gene-expression-panel-

collection/pancancer-immune-profiling-panel?jumpto=SUPPORT). These reference data, which are 

annotated with the immunological function and biological process categories from the Gene Ontology 

Consortium, were then processed to gene sets in the gene matrix file format (.gmt) for GSEA. 

Pathway scores were based on the first principal component of the expression data in each sample, 

based on the expression levels for the gene sets related to the specific pathway.  

The two histotypes were compared using the Mann-Whitney nonparametric rank test, instead of the 

unpaired t-test, because the data could not be assumed to be normally distributed: the Shapiro-Wilk, 

Kolmogorov-Smirnov and Anderson-Darling normality tests, applied to the sample data, all yielded 

p-values < 0.05.Statistical calculations were performed using the freeware software Jamovi, version 

2.2, with a statistical significance level of 95% for inferential analyses [22,23] 

 

Multiplex immunohistochemistrystanining to validate immune landscape of BL. 

Multiplex immunohistochemistry (mIHC) was performed on 23 FFPE BL cases. The antibody panels 

used for mIHC consisted of one different triple stains: CD68, CD163, c-Maf. The triple staining was 

performed with an automated staining system (DISCOVERY ULTRA ICH/ISH research platform; 

Roche Diagnostics, Indianopolis, USA) for open procedures, according to the manufacturer’s 

protocols [22]. The CD163 +/ CD68+/c-Maf +, CD163+/CD68-/c-Maf + and CD163-/CD68+/c-Maf- 

cells were evaluated manually and independently by experienced pathologist by counting the 

individual cell types in 10 high-power fields under a X 40 objective 172 (NOME MICROSCOPIO), 

and taking into account either nuclear and surface stains, reported as percentages for each cell type in 

https://www.nanostring.com/products/gene-expression-panels/gene-expression-panels-overview/hallmarks-cancer-gene-expression-panel-collection/pancancer-immune-profiling-panel?jumpto=SUPPORT
https://www.nanostring.com/products/gene-expression-panels/gene-expression-panels-overview/hallmarks-cancer-gene-expression-panel-collection/pancancer-immune-profiling-panel?jumpto=SUPPORT
https://www.nanostring.com/products/gene-expression-panels/gene-expression-panels-overview/hallmarks-cancer-gene-expression-panel-collection/pancancer-immune-profiling-panel?jumpto=SUPPORT
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scores rounded up to the nearest 5%. Only CD163 +/ CD68+/c-Maf + and CD163+/CD68-/c-Maf + 

cells were considered to be M2 macrophages; CD163-/CD68+/c-Maf- cells were considered to be 

M1 macrophages. The interobserver reproducibility of each cell count was assessed according to the 

coefficient of variation as a percentage (CV%), which is the ratio of the standard deviation to the 

mean of the three percentage observations. For each variable, percentage agreement across the four 

cases analysed was then expressed as the mean of 100 – CV% and its 95% confidence interval, 

estimated with the bias‐corrected and accelerated bootstrap technique. 

Tissue sections from the same set of cases and without antibody/chromogens were used as negative 

controls. Three tonsils, three reactive lymph nodes and three cases of conventional BL with the typical 

starry sky pattern were used as positive controls. 

 

RESULTS 

Patient information 

The study cohort includes 23 Formalin-Fixed Paraffin-Embedded (FFPE) samples retrieved by the 

Department of Medical Biotechnologies (University of Siena, Italy), and University of Nairobi. 

Specifically, we analyzed three groups of BLs composed of 8 EBV- negative BL with starry sky 

pattern, 8 EBV- positive BL with starry sky pattern and 7 EBV-positive BL with granulomatous 

reaction. Among the latter, five out of seven cases were characterized by a diffuse granulomatous 

reaction that partially obscured the neoplastic proliferation and two out of seven cases were 

characterized by a partial granulomatous reaction. The diagnosis of BL was issued by expert 

haematopathologists. All the cases had typical morphology and immunophenotype features of BL 

(CD20+, CD10+, BCL6+, LOM2-, BCL2-, Myc<80% and Ki67>95%,) and harbored only MYC 

translocation demonstrated by using break-apart or fusion fluorescence in situ hybridization (FISH) 

probes. All clinicopathological characteristics are summarized in table 1.  

The case cohort comprised 10 women and 13 males, with ages ranging from 5 to 70 years. The 

anatomical localization included the gastrointestinal tract, oral mucosa, bone marrow, lymph nodes, 

and abdominal mass. The cases with granulomatous reaction were stage I/II and three out of the seven 

cases showed spontaneous regression. The remaining 4 were characterized by a good outcome and 

remained relapse-free in a follow-up of 5 years. On the other hand, cases with typical starry sky, EBV 

positive or EBV negative, were mainly stage III or IV, with bulky disease, significantly different from 

cases with granulomatous reaction (p<0.001) (Fig.1).                                                         
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Figure 1. Statistical calculation for stage difference  

Table 1. Clinical pathological characteristic of BL samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Principal component analysis and heatmap graph identify three groups among BL cases. 

Principal component analysis (PCA) and heatmap graph suggest that BL with granulomatous reaction 

(cluster 1) and BL with “starry sky” pattern, EBV- positive (cluster 2) and EBV-negative(cluster 3), 

exhibit different immune-related gene expression profiles. Yet, EBV-positive and EBV- negative BL 

with “starry sky” pattern (cluster2 and 3, respectively) show similarities but also differences in Gene 

Expression Profile (GEP) (Figure 1 A-B). Cluster 1 is composed of the five BL with a diffuse 

granulomatous reaction; cluster 2 is composed of 5 EBV-positive BL with typical “starry sky” and 

cluster 3 in addition to EBV-negative BL with typical “starry sky” also includes two cases of BL with 

a partial granulomatous reaction and three cases of EBV positive BL with typical starry sky.  
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Figure 6. PCA and Heatmap graph showed three clusters of BL”:  BL EBV positive with granulomatous reaction (Cluster 1), BL EBV 

positive with the typical starry sky pattern (cluster 2), BL EBV negative with the typical starry sky pattern (cluster 3) 

Figure 7. Differences between EBV-positive and EBV- negative. Heatmap graphs show differences 

in NFkB pathway (A), JAK-STAT pathway (B), BCR signalling. 

 

 

 

 

 

 

 

 

 

 

 

Some features could be linked exclusively to the presence of EBV. Indeed, by comparing Cluster 1 

and 2 with Cluster 3, our results showed differentially enriched genes between EBV-positive BL and 

EBV- negative BL in the NF-kB, JAK-STAT, and BCR signaling pathways (Figure 3- A, B, C, 

respectively). However, the GEP of BL samples revealed also a high degree of heterogeneity in the 

functional categories of immune response, showing that BL with granulomatous reaction has a unique 

immune landscape characterized by down regulation of immune related genes (Table 2) 
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Table 2. Graphic representation of the number of genes differentially expressed. GEP identify differences  in 

terms of immune-related genes among the 3 different groups (EBV Granulo vs EBV+, EBV Granulo vs EBV-, 

EBV + vs EBV-) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEP and GSEA of immune related genes among BL cases show differences in terms of 

cytokines, chemokines, macrophage polarization and immune checkpoint molecules. 

BL with granulomatous reaction has a unique immune landscape characterized by down regulation 

of genes related to M2 polarization and immune check point. In particular, GEP and GSEA of 

immune-related genes in BL with starry sky pattern, both EBV positive and EBV negative, (Clusters 

2 and 3) showed an upregulation of IL4-IL13 pathway, M2- secreted chemokinesandM2-immune 

response genes. Specifically, clusters 2 and 3 were enriched in IL4/13 pathway showing an up-

regulation of CD36 and IL13RA2 (Figure 4-A). In addition, cluster 2 and 3 are characterized of an 

over-expression of CCL17, CCL22, CCL2, and CCR4, which are M2- chemokines highly expressed 

on T cells polarized towards Th2 responses and contributes to M2-macrophage polarization typically 

associated with Th2 responses, suggesting a M2-polarization in these cases (Figure 4-B). In fact, 

Cluster 2 and 3 also showed up-regulation in M2- immune response genes (ARG1, ICOS, IDO1, 

LAG3, GATA3, CD163, TIM3/HAVCR2) in comparison with cluster 3 (Figure 4-C).  

Furthermore, our results demonstrated the upregulation of several immune checkpoint molecules 

(CD274, PDCD1, PDCD1LG2, and CTLA4) in clusters 2 and 3 as compared to cluster 1, facilitating 

the escape of tumor cells from the T cell-mediated immune response (Figure 4-D). 

On the other hand, cluster 1 was characterized by the downregulation of all of the above-mentioned 

genes(ARG1, ICOS, IDO1, LAG3, CD163, GATA3,CD36, IL13RA2, CCL17, CCL22, CCL2,CCR4, 

TIM3/HAVCR2, CD274,PDCD1, PDCD1LG2, and CTLA4), which were upregulated in clusters 2 
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Figure 8. Immune different between BL with granulomatous reaction and BL with typical starry sky. GEP 

show difference in terms of IL4-IL13 pathways (A) and M2-chemokines (B). In addition, GSEA show 

differences in M2-immune response signature (C) and immune checkpoint signaling (D) 

and 3. Of interest, we could also demonstrate the upregulation of IRF3 and IFNG1 in cluster 1, which 

contributes to the induction of M1 polarization.  
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Multiplex immunofluorescence showed enhanced M1-polarization in BL with granoulomatousreaction. 

Multiplex immunofluorescence confirmed significant heterogeneity presence of macrophage phenotypes. To 

further characterize the immune cell TME in BL, we performed mIF focusing on the distinct macrophage 

phenotypes that showed comparable characteristics with GEP analysis. Overall, in all BL with 

granulomatous reaction, mIHC showed a prevalence of M1 macrophages defined as CD68+/CD163-/C-Maf 

– cells accounting for 80-95% of the total macrophages (Figure 5-A,B). Most of the macrophages in BL with 

a typical starry sky were M2, defined as CD68+\CD163+\C-Maf + (Figure 5-C) 

 

 

 

 

 

 

 

 

DISCUSSION 

The lymphoma microenvironment is increasingly being recognized as a dynamic and interactive 

supporting network, including immune cells, stromal cells, cytokines, blood vessels, and extracellular 

matrix components, whose composition is guided by neoplastic cells, which influences tumor 

initiation, progression, resistance to cell death, evasion of growth suppressors, and drug resistance 

[24]. Although multiple studies have investigated TME expression in B-cell lymphomas, only a 

limited number of studies have been conducted on BL. Recent data using mIHC show that the TME 

of BL with granulomatous reaction is characterized by the prevalence ofM1 macrophages and pro-

inflammatory response, which could possibly explain the spontaneous regression in some cases [9]. 

In this study we further characterize the immune landscape of BL subtypes by GEP with Nanostring 

technologies focusing on the immune gene categories using a 730 immune-related genes panel. 

GEP analysis of immune gene categories could separate the BL into three clusters. Cluster 1 

comprised the five cases of EBV-positive BL with diffuse granulomatous reaction and clusters 2 and 

3 BL with typical starry sky pattern both EBV-positive and EBV-negative, respectively. However, 

some overlap was observed. In particular, cluster 3 included also the two cases of BL with a partial 

granulomatous and three cases of BL-EBV positive with starry sky.  

Figure 9. Confirmation by multiplex immunohistochemistry. A high number of M1 (CD68+/CD163–/c‐Maf–) 

macrophages (blue arrows) were seen in the granulomas surrounding the clusters of Burkitt cells in case 1 (A) and 

case 2 (B); Predominant macrophage M2 population (CD68+/CD163+/c‐Maf+) macrophages (red arrows) 
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Some features could be linked exclusively to EBV presence by comparing the TME of EBV-positive 

BL (Cluster 1 and 2) and EBV-negative (Cluster 3). Indeed, our results confirm previous findings for 

up-regulation of the NF-kB and JAK-STAT pathways in EBV-positive BL, while a “tonic” activation 

of BCR signaling was more enriched in EBV-negative BL [25,26]. In particular, we could confirm 

the up-regulation of NF-kB pathways in EBV-positive BL (Cluster 1 and 2) in comparison with BL 

EBV- negative (Cluster 3). On the other hand, we found up-regulation of NF-kB Inhibitor Alpha 

(NFKBIA) in BL EBV-negative. The NF-kB pathway is known to play an essential role in tumor 

progression and can be divided into canonical and non-canonical pathways. In particular, it seems 

that the TNF family (BAFF, RANK) and CD40L activate the non-canonical NF-κB pathway, 

influencing B cell biology, proliferation, and maturation [27,28,29].  

Our results showed the up-regulation of the JAK-STAT signaling pathway (STAT4, IL12RB2, 

IL22RA1, IL21, IL21R, IL23R, and IL24) in EBV-positive BL (cluster 1 and cluster 2) in comparison 

with BL EBV-negative (cluster 3), confirming the hypothesis that EBV induces oncogenesis through 

the JAK-STAT pathway. The JAK-STAT pathway is stimulated by cytokine receptors and is involved 

in cell proliferation, survival, invasion, and inflammation [30]. In particular, IL21 is a pleiotropic 

cytokine that exerts diverse regulatory effects on tumor cells, depending on the type of cell, stage 

differentiation, stimuli, and EBV status. Recently, it was reported that IL-21 is correlated with the 

presence of EBV and may also induce a tumor-promoting microenvironment [31]. Finally, we could 

confirm a different pattern of activation of the BCR between EBV-positive (cluster 1 and 2) and EBV-

negative cases (cluster 3). Indeed, all genes involved in the TCF3\ID3 pathway (LYN, SYK, BLNK) 

were downregulated in clusters 1 and 2 in comparison with cluster 3, confirming that the TCF3\ID3 

signature is more enriched in BL EBV negative than BL EBV positive [32,33] 

Although some features are related exclusively to EBV presence, clustering analysis focusing on the 

immune gene categories, revealed that BL with a granulomatous reaction has a unique immune 

landscape significantly different from BL with starry sky both EBV- negative and EBV- positive. 

In fact, the immune cell composition overlaps between EBV-positive BL and EBV-negative BLwith 

starry sky, showing an up-regulation of IL4/IL13 pathway (CD36, IL13RA2), M2-secreted 

chemokines (CCL17, CCL22, CCL2, CCR4), M2-immune response genes (ARG1, ICOS, IDO1, 

LAG3, GATA3, CD163,TIM3/HAVCR2), suggesting a M2- polarization in these cases [34].  

Specifically, the anti-inflammatory cytokines IL-4 and IL-13 are two closely related cytokines that 

play both overlapping and distinct roles in type M2- polarization. CD36 is a macrophage scavenger 

receptor activated by IL13, and IL13RA2 is a subunit of the interleukin 13 receptor complex [35,36].  

Regarding M2-secreted chemokines, it has been established that CCR4 is highly expressed on T cells 

polarized towards Th2 responses. CCL17, CCL2, and CCL22 signaling contributes to M2-
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macrophage polarization typically associated with Th2 responses. CCL17 and CCL2 induce 

migration of T reg cells via interaction with the CCR4. Thus, the attraction of immunosuppressive 

cells through chemokine production is one of the pro-tumoral characteristics of the M2 type 

[37,38,39]. Finally, the enzyme ARG1 is regulated by the IL13 and IL4 pathways and activates an 

M2-polarized immune response [40]. High expression of the enzyme IDO1 has been found to be 

associated with M2- macrophages, in correlation with high immune infiltration, tumor mutational 

burden (TMB), and expression of immune checkpoints. ICOS has significant homology to the co-

stimulatory molecule CD28 and the immune-attenuator CTLA-4. Indeed, ICOS is often tied to M2- 

macrophages and is characterized by an anti-inflammatory polarization that promotes immune 

tolerance.HAVCR2 is a transmembrane protein expressed on the diverse cell types of the immune 

system and can regulate different immune type. Although TIM-3 was initially identified as a 

membrane marker specific for M1, today we know that it is expressed in M2 macrophage, promoting 

immunological tolerance [40]. Finally, CD163 is a specific marker of M2 macrophage [42]. In 

addition, BL with starry sky showed an over-expression of immune checkpoint genes (CD274, 

PDCD1, PDCD1LG2, CTLA4) which favor the immune escape of tumor [43]. PD-L1 (CD274) is 

part of a complex system of immune checkpoint molecules that, by binding to PD-1 (PDCD1) on T 

cells, attenuates antitumor immunity, facilitating the escape of tumor cells from the T cell-mediated 

immune response [43-46]. CTLA4 expression is noted in a variety of B-cell lymphomas and drives 

immune escape strategies [47-50]. High levels of PD-L2 (PDCD1LG2) expression are correlated with 

T cell exhaustion and immune tolerance [51,52].  

Conversely, BL with diffuse granulomatous reaction (Cluster 1) is characterized by the down-

regulation of all above mentioned genes (CCL17, CCL22, CCL2, CCR4, CD36, IL13RA2, ARG1, 

ICOS, IDO1, LAG3, GATA3, CD163, TIM3/ HAVCR2, CD274, PDCD1, PDCD1LG2, CTLA4). 

Furthermore, our results showed the up-regulation of M1- signature genes (IRF3, INFG1) in BL with 

granulomatous reaction [53].IRF3 is constitutively expressed in various cell types, and it resides in 

an inactive form in the cytoplasm. After stimulation, IRF3 is phosphorylated on specific serine 

residues, resulting in translocation of IRF3 into the nucleus, where it induces the transcription of type 

I IFN genes upon binding to conserved sequences known as IFN-stimulated response elements [54]. 

IFNG1 contributes to the induction of hallmark M1-associated gene expression, suggesting a pro-

inflammatory response in these cases [55].  In fact, it is of particular interest that BL with a diffuse 

granulomatous reaction in our series typically occurs at an early stage of the disease, stage I or II, 

with three out of five cases showing spontaneous regression. In contrast, BLs with a starry sky pattern, 

both EBV-positive and EBV-negative, were significantly characterized by advanced stage III or IV 

and bulky disease. Based on our results, we can identify two biological settings with two different 
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clinical behavior. An early stage of disease where M1 polarized macrophages prevail and the immune 

response may be able to control the neoplastic growth. Indeed, in the advanced stage of diseases, 

characterized by the starry sky pattern, M2 macrophages dominated and may be responsible of a pro-

tumor immune response resulting in disease progression and dissemination. We can hypothesize that 

in EBV positive BL with starry sky the virus itself may triggers T-cell exhaustion and immune 

evasion, while in EBV-negative BL with starry sky other mechanisms of immune tolerance may be 

at play. Possibly, the overexpression of TIGIT/PVR axis is one of the immune pathways exploited by 

EBV-negative BL with starry sky to evade immune surveillance [56,57]. In fact, it has been reported 

that activation of the TIGIT/PVR pathway in macrophages switch towards anti-inflammatory M2 

profiles, suggesting an analogous role of the PD-1/PD-L1 axis in tumor immunosuppression.  

Due to their pivotal role, TAMs are promising targets for additional therapies in BL lymphoma and 

combining TAM-targeted therapy with conventional treatment may open up novel therapeutic 

avenues for therapy-refractory patients.  
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Background. High grade B-cell lymphomas with a morphology similar to Burkitt lymphoma (BL) 

or showing an intermediate or blastoid appearance, but lacking IG-MYC translocation and carrying  

a peculiar pattern of an 11q aberration have been described as a new provisional entity called “Burkitt-

like lymphoma with 11q aberration” (BLL,11q) in the revised 4th edition of the WHO Classification 

of Tumours of Haematopoietic and Lymphoid Tissues. Such cases also show additional 

characteristics of BL as diffuse lymphomatous infiltrate sometimes with a starry sky pattern  and a 

cohesive growth.  In particular, a recent paper aiming to describe  the morphology of BLL11q, 

reported that the starry sky macrophages  with enhanced number of phagocytized apoptotic bodies 

were a striking characteristic of this lymphoma type. The functional status of macrophages may  

impact on tumour immune response,  and recent studies have reported differences in tumor 

microenvironment (TME) and in particular macrophage polarization in different subtypes of BL.  

Objectives. Here we aim to compare the TME in BLL11q, BL EBV-negative and DLBCL EBV-

negative. 

Design/Methods. Genes expression profiling (GEP) of 770 immune-related genes in Formalin-Fixed 

Paraffin-Embedded (FFPE) samples was performed using the NanoString nCounter PanCancer 

Immune Profiling Panel. 

Results. Based on principal component analysis (PCA), three clusters were identified with some 

overlap among the cases.  However, hierarchical clustering could better show that BL and BLL11q 

grouped together as compared to DLBCL. Yet, some differences were also found between BL and 

BLL11q.  
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Differential expression analysis and Gene Set Enrichment analysis (GSEA) revealed a degree of 

heterogeneity in several immune cell categories. With an adjusted p-value threshold of 0.05, BLL11q 

showed only 18 significantly differentially expressed genes (DEGs) in comparison with BL, while 

DLBCL vs BL11q and DLBCL vs BL reported 32 and 151 DEGs, respectively.  

The immune gene profiling of DLBCL, BLL11q and BL cases were also analyzed by cell-type 

profiling revealing a higher infiltration of T-cell CD8 exhausted in DLBCL vs BLL11q and BL.  

Conclusion. In conclusion, the TME in BLL11q differs from that of DLBCL and BL. Our findings 

further support that BLL11q does represent a distinct lymphoma category.  

 

 

                                                   Figure 1. PCA and heatmap identify differences between DLBCL and BL 
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“BCR EXPRESSION IN BURKITT LYMPHOMA: NEW INSIGHT IN MUTATIONAL 
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Background: BCR activation is an important step in lymphomagenesis. In different subtype of BL 

there is a combined mechanism of tonic and extrinsic BCR signaling activation. In eBL BCR 

activation can be related to the chronic Plasmodium falciparum stimulation which can reactivate 

latently EBV-infected memory B cells. Yet, whether coincidental infections with additional 

pathogens may occur in eBL remains to be addressed. On the other hand, in sBL the progressive 

acquisition of mutations in the TCF3/ID3 genes results in intrinsic tonic activation of BCR signaling. 

Therefore, neoplastic cells may grow in an EBV (and/or other antigen) independent way. Usually in 

Burkitt lymphomas surface IgM represents functional BCR. However high number of IgA transcript 

have recently reported.1 This extend previous studies showing recurrent MYC translocation 

breakpoints in IGHA in BL suggesting that the cell of origin of BL is a germinal center experienced 

B-cell primed to switch to and to express IgA. Furthermore, IgM/D/G/A-negative cases have also 

been reported [1]. Interestingly, heterozygous NRAS and KRAS gain of function mutations have been 

identified in one sample of such cases, suggesting that BL cells acquiring RAS mutations may lose 

the selective pressure to express a functional BCR. The aim of the present study is: a) to determines 

the expression of BCR by immunohistochemistry in a large series of BL b) to investigate the possible 

constitutive activation of the MAPK pathway through RAS mutations and c) to better understand the 

genetic landscape of these cases. 

Materials and Methods: We performed an immunohistochemistry analysis to detect 

IgA/IgM/IgD/IgG expression in 72 Formalin-Fixed Paraffin-Embedded (FFPE) BL samples. We 

performed qPCR for RAS hotspot mutations and an NGS analysis (Illumina platform) with a capture-

base custom panel covering 83 genes known to be involved in lymphomagenesis. 
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Results: 56/72 cases expressed surface IgM but we also found 9/72 expressing IgA. Interestingly, 

7/72 lacked BCR expression, being negative for all surface immunoglobulins. BL expressing surface 

IgA were localized in the oral and gastrointestinal mucosa, in line with the observation that BL 

frequently presents in sites of the human body particularly important for IgA production. 

We founded KRAS somatic mutations in the classic hotspots of the gene by qPCR in 2/5 cases lacking 

expression of BCR. No NRAS single nucleotide variants were identified in our cohort. NGS analysis, 

in addition to the typical BL’s mutations (ID3,GNA13,CCND3,MYC) showed recurrent mutations 

in genes not usually affected in classic BL like TET2, EZH2, HIST1H1C, HIST1H1B, PRDM1 and 

PIM1. Interestingly, the cases with KRAS gain of function were those with a high mutational burden, 

carrying more than 5 mutation and, moreover, the only two cases of our cohort showing MYC gene 

mutation. EBV infection as detected in 1/2 KRAS mutated samples. 

Conclusion: In this study, we confirmed the presence of RAS mutations in IgM/D/G/A-negative 

Burkitt lymphoma supporting the previous hypothesis2 that the constitutive RAS/MAPK activation 

can bypass the requirement for a functional BCR/PI3Kδ axis to sustain lymphoma fitness. 

Furthermore, we had demonstrated that mutation in genes related to epigenetic mechanism and 

histone remodeling seems to be more frequently involved in such cases.  

References: 1. Varano G, Raffel S, Sormani M, Zanardi F, et al. The B-cell receptor controls fitness 

of MYC-driven lymphoma cells via GSK3β inhibition. Nature. 2017 Jun 8;546(7657):302-306. 
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Background. Burkitt lymphoma (BL) is an aggressive germinal center-derived B-cell non-Hodgkin lymphoma 

and the most frequent tumor of children and adolescents but infrequent in adults. Epstein-Barr-Virus (EBV) is 

found in so called “endemic” BL mostly affecting children in central Africa. In so called “sporadic” BL EBV is 

detected more frequently in adult compared to pediatric patients. Expression of the transcription factor SRY-

related HMG-box gene 11 (SOX11) is confined to precursor cell neoplasms, mantle cell lymphoma (MCL) and 

BL. In BL, SOX11 expression is more frequent in pediatric than in adult sporadic BL cases. The pathogenic role 

of SOX11 has been studied in MCL. However, the contribution of SOX11 to BL pathogenesis remains 

unknown.  

Objectives design/methods. To elucidate the role of SOX11 in BL pathogenesis, we ectopically overexpressed 

SOX11 in SOX11-, and knocked out SOX11 (SOX11 KO) in a SOX11-positive BL cell lines and developed 

integrative omics analyses, to elucidate different mechanisms leading to oncogenic transformation in sporadic 

BLs. 

To understand the role of SOX11in different clinical presentations of BL, we analyzed the association of SOX11 

and SOX11-downstream target with different clinical information, such as age, EBV infection, MYC break and 

mutational status, diagnosis and response to therapy, in a large series of BL patients.  

Results. RNA sequencing upon SOX11 knockout or ectopic overexpression in BL cell lines showed changes in 

genes associated with cell motility and cancer stemness-related. However, viability of BL cells was largely 

unaffected.  

In a large cohort of clinical specimen SOX11 expression is limited to Epstein Barr Virus negative (EBV-) 

sporadic BL (sBL) cases. In fact, SOX11 and EBV by EBER in situ hybridization were virtually exclusive. The 

mechanism underlying the MYC: IGH fusions in BL is due to classes switch recombination in 100% of the 

mailto:vamador@clinic.cat
mailto:wklapper@path.uni-kiel.de
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EBV-\SOX11+ sBL cases, while somatic hypermutation as the pathogenic mechanism of MYC-traslocations 

was confirmed to SOX11- cases (50%). Moreover, SOX11 was associated with mutations in ID3, CCND3, 

TP53 and apoptotic-related genes.  

Conclusion. We propose a model in which SOX11 expression and EBV-association reflect a molecular 

dichotomy of BL. The association of either SOX11 or EBV with the pathogenic mechanism of MYC-

translocations but little effect of knock-out in cell lined suggests that both EBV and SOX11, play a major role in 

early pathogenesis but may be less relevant in a fully developed BL. Our data support the concept that virus-

associated pathogenesis rather than historical subtypes (“endemic”, “sporadic”) determines the biology of BL. 
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6. Conclusions  

The lymphoma microenvironment is increasingly being recognized as a dynamic and interactive 

supporting network, including immune cells, stromal cells, cytokines, blood vessels, and extracellular 

matrix components, whose composition is guided by neoplastic cells, which influences tumor 

initiation, progression, resistance to cell death, evasion of growth suppressors, and drug resistance 

[72]. Although multiple studies have investigated TME expression in B-cell lymphomas, only a 

limited number of studies have been conducted on BL. In our work we identified a polarization 

towards M2 phenotype of TAMs in all cases by applying three different approaches (CIBERSORT, 

mIHC and mIF) regardless of the subtype of BL, and thus, of EBV status. These cells, intimately 

associated with the neoplastic cells, constituted also the major source of PD- L1, which may inhibit 

the overall inflammatory response and allow the neoplastic cells to evade antitumor immunity. 

However, the lower rate of PD-L1 expression on TAMs in sBL, as compared with eBL and idBL, 

which are frequently associated with EBV, may suggest a role of the virus in inducing PDL1 

expression. Infact, we found that the majority of the CD8+ infiltrating T cells expressed PD-1 

highlighting ad adaptive immune response resistance mechanism, supporting the idea that EBV in 

BL might induce PD-L1 expression on tumor cells. We concluded that the prevalence of M2 

macrophages are the primary constituent of the TME in BL, leading to a pro-tumoral state in these 

cases.  

 Recent data using mIHC show that the TME of BL with granulomatous reaction is characterized by 

the prevalence of M1 macrophages and pro-inflammatory response, which could possibly explain the 

spontaneous regression in some cases [46]. Based on that, we decided to further characterize the 

immune landscape of BL subtypes by GEP with Nanostring technologies focusing on the immune 

gene categories using a 730 immune-related genes panel. 

GEP analysis of immune gene categories could separate the BL into three clusters. Cluster 1 

comprised the five cases of EBV-positive BL with diffuse granulomatous reaction and clusters 2 and 

3 BL with typical starry sky pattern both EBV-positive and EBV-negative, respectively. However, 

some overlap was observed. In particular, cluster 3 included also the two cases of BL with a partial 

granulomatous and three cases of BL-EBV positive with starry sky.  

Some features could be linked exclusively to EBV presence by comparing the TME of EBV-positive 

BL and EBV-negative. Indeed, our results confirm previous findings for up-regulation of the NF-kB 

and JAK-STAT pathways in EBV-positive BL, while a “tonic” activation of BCR signaling was more 
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enriched in EBV-negative BL [29].  Although some features are related exclusively to EBV presence, 

clustering analysis focusing on the immune gene categories, revealed that BL with a granulomatous 

reaction has a unique immune landscape significantly different from BL with starry sky both EBV- 

negative and EBV- positive. 

In fact, the immune cell composition overlaps between EBV-positive BL and EBV-negative BL  with 

starry sky, showing an up-regulation of IL4/IL13 pathway (CD36, IL13RA2), M2-secreted 

chemokines (CCL17, CCL22, CCL2, CCR4), M2-immune response genes (ARG1, ICOS, IDO1, 

LAG3, GATA3, CD163,TIM3/HAVCR2), suggesting a M2- polarization in these cases [72-77].  

In addition, as previously demonstrated, BL with starry sky showed an over-expression of immune 

checkpoint genes (CD274, PDCD1, PDCD1LG2, CTLA4) which favor the immune escape of tumor 

PD-L1 (CD274) is part of a complex system of immune checkpoint molecules that, by binding to PD-

1 (PDCD1) on T cells, attenuates antitumor immunity, facilitating the escape of tumor cells from the 

T cell-mediated immune response. Conversely, BL with diffuse granulomatous reaction is 

characterized by the down-regulation of all above mentioned genes (CCL17, CCL22, CCL2, CCR4, 

CD36, IL13RA2, ARG1, ICOS, IDO1, LAG3, GATA3, CD163, TIM3/ HAVCR2, CD274, PDCD1, 

PDCD1LG2, CTLA4) [78-86]. Furthermore, our results showed the up-regulation of M1- signature 

genes (IRF3, INFG1) in BL with granulomatous reaction [87,88].  In fact, it is of particular interest 

that BL with a diffuse granulomatous reaction in our series typically occurs at an early stage of the 

disease, stage I or II, with three out of five cases showing spontaneous regression. In contrast, BLs 

with a starry sky pattern, both EBV-positive and EBV-negative, were significantly characterized by 

advanced stage III or IV and bulky disease. Based on our results, we can identify two biological 

settings with two different clinical behavior. An early stage of disease where M1 polarized 

macrophages prevail and the immune response may be able to control the neoplastic growth. Indeed, 

in the advanced stage of diseases, characterized by the starry sky pattern, M2 macrophages dominated 

and may be responsible of a pro-tumor immune response resulting in disease progression and 

dissemination. We can hypothesize that in EBV positive BL with starry sky the virus itself may 

triggers T-cell exhaustion and immune evasion, while in EBV-negative BL with starry sky other 

mechanisms of immune tolerance may be at play. Possibly, the overexpression of TIGIT/PVR axis is 

one of the immune pathways exploited by EBV-negative BL with starry sky to evade immune 

surveillance. In fact, it has been reported that activation of the TIGIT/PVR pathway in macrophages 

switch towards anti-inflammatory M2 profiles, suggesting an analogous role of the PD-1/PD-L1 axis 

in tumor immunosuppression [88-91]. Due to their pivotal role, TAMs are promising targets for 

additional therapies in BL lymphoma and combining TAM-targeted therapy with conventional 

treatment may open up novel therapeutic avenues for therapy-refractory patients.  
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Finally, the relationship of B cells to their microenvironment is crucial for the establishment of altered 

proliferative/apoptotic pathways, which are hallmarks of lymphoma pathogenesis. The generation of 

Ig-negative B cells during tumor progression should result in these cells lacking essential survival 

and proliferation signals provided through BCR signaling. This selective pressure for BCR-negative 

cells means that only those that receive sufficient compensatory signals can survive and possibly 

persist. Following genetic alterations accumulated by tumor cells before the loss of the BCR, 

compensatory signals are activated, which lead these cells to resistance to apoptotic stimuli and to 

better proliferation [31,32]. In a scenario like that neoplastic cells may grow in an EBV (and/or other 

antigen) independent way. Usually in Burkitt lymphomas surface IgM represents functional BCR. 

However high number of IgA transcript have recently reported. This extend previous studies showing 

recurrent MYC translocation breakpoints in IGHA in BL suggesting that the cell of origin of BL is a 

germinal center experienced B-cell primed to switch to and to express IgA. Furthermore, IgM/D/G/A-

negative cases have also been reported Interestingly, heterozygous NRAS and KRAS gain of function 

mutations have been identified in one sample of such cases, suggesting that BL cells acquiring RAS 

mutations may lose the selective pressure to express a functional BCR [92]. Based on that, we decided 

to 

performed an immunohistochemistry analysis to detect IgA/IgM/IgD/IgG expression in 72 Formalin-

Fixed Paraffin-Embedded (FFPE) BL samples. Additionally, we performed qPCR/ddPCR for RAS 

hotspot mutations and an NGS analysis (Illumina platform) with a capture-base custom panel 

covering 83 genes known to be involved in lymphomagenesis. Our results showed that 56/72 cases 

expressed surface IgM but we also found 9/72 expressing IgA. Interestingly, 7/72 lacked BCR 

expression, being negative for all surface immunoglobulins. BL expressing surface IgA were 

localized in the oral and gastrointestinal mucosa, in line with the observation that BL frequently 

presents in sites of the human body particularly important for IgA production. 

We founded KRAS somatic mutations in the classic hotspots of the gene by qPCR/ddPCR in 2/5 

cases lacking expression of BCR. No NRAS single nucleotide variants were identified in our cohort. 

NGS analysis, in addition to the typical BL’s mutations (ID3,GNA13,CCND3,MYC) showed 

recurrent mutations in genes not usually affected in classic BL like TET2, EZH2, HIST1H1C, 

HIST1H1B, PRDM1 and PIM1. Interestingly, the cases with KRAS gain of function were those with 

a high mutational burden, carrying more than 5 mutation and, moreover, the only two cases of our 

cohort showing MYC gene mutation. EBV infection as detected in 1/2 KRAS mutated samples. 

In this study, we confirmed the presence of RAS mutations in IgM/D/G/A-negative Burkitt 

lymphoma supporting the previous hypothesis that the constitutive RAS/MAPK activation can bypass 

the requirement for a functional BCR/PI3Kδ axis to sustain lymphoma fitness. Furthermore, we had 
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demonstrated that mutation in genes related to epigenetic mechanism and histone remodeling seems 

to be more frequently involved in such cases.  
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