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Editorial

B-cell lymphoma is a potentially life-threatening malignant disease. In 2018, the American
Cancer Society estimates that approximately 83,180 people will be diagnosed with B-cell
lymphoma, and 20,960 people will die from the disease [1]. Low grade B-cell lymphomas
are slow-growing and often responsive to treatment; therefore, patients with low grade B-cell
lymphoma can usually live for several years after their diagnosis. Conversely, high grade B-
cell lymphomas are aggressive, fast growing, and require an intensive treatment plan. The
specific treatment regimen varies depending on the type of lymphoma and severity of each
individual case, but traditional methods, such as chemotherapy, surgery and radiation
therapy have several drawbacks that necessitate further exploration of other, more tolerable
methods. Recently, immunotherapy has been successfully used alone or in combination with
chemotherapy, radiation and surgery to treat some lymphoma patients [2]. However, many
late stage lymphoma tumors escape immune recognition by mechanisms that remain
unknown. Our recent study suggests that B-cell lymphomas secrete inhibitory molecules that
disrupt immune recognition of tumors [3]. We and others have also shown that aggressive B-
cell tumors express or secrete factors that may be linked with poor prognosis for lymphoma
patients. Because demographics in the US forecast a large, sustained increase in this group
of malignancies in the near future, further understanding of the mechanisms by which these
tumors escape immune surveillance is greatly warranted. This editorial outlines the possible
link between B-cell lymphoma and neuronal enolase, a multifunctional enzyme known to
exhibit pro-inflammatory or inhibitory activities, in an attempt to further excavate tumor
evasion mechanisms in B-cell lymphoma.
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B-cell lymphomas are mainly sub-classified into two types: (a) Hodgkin’s Lymphoma (HL)
and (b) Non-Hodgkin’s Lymphoma (NHL). While HL causes serious malignancy in children
and adults, NHL is the 6th most common cause of cancer death in both men and women in
the United States, accounting for approximately 90% of all lymphoma cases and 4% of all
cancer cases in the US [4]. NHL primarily affects B-cells (80-85% of all NHL) though it
can also be derived from T cells or NK cells. Although the incidence and mortality of most
cancers are decreasing, the incidence and mortality of NHL is increasing [5]. Common types
of NHL include Diffuse Large B-Cell Lymphoma (DLBCL), Burkitt Lymphoma (BL),
Follicular Lymphoma (FL), and Mantle B-Cell Lymphoma (MCL). DLBCL represents 30—
40% of all adult NHL, making it the most common form [6]. Other categories of
malignancies affecting B-cells include Chronic Lymphocytic Leukemia (CLL) and Small
Lymphocytic Lymphoma (SLL). About 19,000 people are diagnosed with CLL/SLL in the
United States each year. About 5-10% of patients with CLL undergo a “Richter’s
transformation” in which they develop DLBCL during the course of illness [7]. BL, a high
grade B cell malignancy, accounts for 3-4% of all lymphomas in adults in western countries
although it occurs most frequently in children in areas with holo- and hyperendemic malaria
and with less frequency in all other parts of the world [8]. The endemic form, typically
presenting as tumors of the jaw in children, is strongly associated with Epstein-Barr Virus
(EBV) and may also be associated with malaria. BL malignancies are rapidly growing, with
a 24 h doubling time, and while treatments can be highly effective in children and adults
(survival rates exceeding 70%), they are often much less effective for the elderly and
immunocompromised [9-11]. These populations typically develop more severe treatment-
associated toxicities from the aggressive treatment [12-14]. FL is the most common type of
low grade NHL, is caused by the collection of abnormal B-cells in lymph nodes as follicles,
and can often be managed with rituximab and chemotherapy. MCL is a rare but aggressive
form of NHL that arises from the outer rim (mantle) of lymphoid cells. Although rituximab,
an anti-CD20 monoclonal antibody, has been successfully used in conjunction with
chemotherapy to treat several different types of lymphoma, the efficacy of its use in
immunocompromised patients is controversial [15]. The aggressiveness of lymphoma
subtypes and drawbacks to intensive chemotherapy treatment regimens highlight the
importance of pursuing alternative immunotherapies for B-cell lymphomas founded on an
improved understanding of the disease pathology.

In a normal immune response, HLA class | pathways activate CD8+ T cells to directly kill
tumor cells. However, the CD8+ T cells do not survive long after killing the cells. In order to
enhance tumor response efficacy, the CD8+ T cell survival and proliferation is supported by
HLA class Il activated CD4+ helper T cells [16,17]. In B-cell Lymphoma, HLA class 1
molecules, which typically activate CD8+ cytotoxic T cells (CTL) to directly kill tumors, are
missing a key -2 microglobulin subunit which results in immune escape for the tumor [18].
Additionally, research supports the finding that increased levels of IDO, Lag3, PD1, PDL,
and TIM3 are all immunosuppressive to limit anti-tumor immunity [19]. Our laboratory
found that BL and FL cells have deficiencies in the ability to effectively stimulate CD4+ T
cells via the HLA class Il pathway [8,20]. While co-stimulation was insufficient to generate
a response, binding affinity for BL-associated class 11 molecules was confirmed, thus
eliminating the possibility of faulty antigen/class Il interaction as the source of the HLA
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class Il pathway defect. However, subjecting BL cells to acidic conditions restored immune
recognition via the formation of functional class I1-peptide complexes. Analysis of the eluate
indicated that the tumor-derived molecules may perturb antitumor immunity. Our laboratory
has also shown that a membrane-bound enolase molecule is less abundant in BL tumors
[20], which could be one of the possible mechanisms of immune escape of B-cell
lymphoma. A number of recent studies have shown that an increased level of neuron specific
enolase (NSE) is detected in DLBCL patients which may be linked with the poor prognosis
of lymphoma patients and should be further explored in other lymphoid malignancies
[21,22]. Thus, this editorial will also discuss the release of NSE by B-cell lymphoma and the
possible mechanisms of immune escape by these tumors.

Enolase is a multifunctional enzyme abundantly expressed in the cytosol that typically
functions in glucose metabolism by catalyzing the conversion of 2-phosphoglycerate to
phosphoenolpyruvate [23-26]. Under inflammatory conditions, enolase can migrate from
the cytosol to the cell surface where it enhances antigen presentation for host cell invasion
via plasmin activation and subsequent extracellular matrix degradation leading to
neurodegeneration [25]. This cell surface expression of enolase triggers the production of
reactive oxygen species (ROS), nitric oxide (NO), and pro-inflammatory cytokines (TNF-a,
IL-1B, IFN-vy, and TGF-B) and chemokines (MCP-1 and MIP-1a) to bolster
neurodegenerative response [25,27]. Enolase levels are upregulated following neuronal
injury in several conditions, and as such, the neuronal isoform of enolase, NSE, has been
implicated as a biomarker of functional damages to neurons with prognostic value for acute
spinal cord injury, traumatic brain injury, cardiac arrest, etc. [23,24,28]. There are three
distinct, tissue-specific isoforms of enolase: a-enolase (non-neuronal enolase, ENO1), -
enolase (NSE or ENO2), and p-enolase (muscle specific enolase, ENO3) [25,29]. During
injury, ENO1, mostly found in adult tissues and present at the cell surface of B-cells, may
trigger activating signals. ENO1 can be converted to NSE in neurons and cells of
neuroendocrine origin and to ENO3 in muscle. NSE isoforms have also been found in
microglia, oligodendrocytes, and astrocytes, indicating a connection between NSE
expression and glial cell function [25,26]. However, it remains unclear why an increased
level of NSE is detected in patients with B-cell lymphomas.

In general, B-cell lymphoma is not a neurodegenerative event. However, recent studies have
shown increased serum NSE levels in various types of lymphoma correlating to disease
progression or remission [6,22,30]. Elevated levels of serum NSE have been found in 17—
21% of non-Hodgkin’s lymphoma and 6.5-23% of Hodgkin’s lymphoma patients [31].
Increased levels of NSE have also been detected in multiple myeloma, adult T-cell leukemia,
melanoma, and neuroblastoma [26,30,32]. However, in these conditions, NSE may not be a
specific marker, as a study investigating polyclonal NSE immunoreactivity in B and T cell
malignant lymphoma (ML) found no correlation between reactivity and morphology or
phenotype with inconsistencies even among B or T cell ML in 23 cases [33]. In acute
lymphoblastic leukemia patients, serum NSE levels were closely associated with
immunophenotype, risk stratification, and serum lactate dehydrogenase levels, indicating the
prognostic value of NSE in some B-cell malignancies [30]. Recent studies have also
indicated the connection between serum NSE and clinical outcome in DLBCL patients
treated with rituximab-based chemo-immunotherapy [6,22]. After 4 cycles of therapy, 42

J Clin Cell Immunol. Author manuscript; available in PMC 2018 November 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Polcyn et al.

Page 4

patients achieved remission, 6 achieved partial remission, and 5 remained stable or worse in
terms of disease progression. Serum NSE levels significantly decreased over the course of
treatment in remission patients while the levels increased or remained stable in those whose
condition progressed accordingly. These studies also showed that NSE levels were an
independent prognostic factor in the non-germinal center B-cell subtype of DLBCL,
indicating that NSE may not only be a prognostic marker for disease progression but that it
may also be involved in tumorigenesis.

The association between lymphoma and NSE is interesting for several reasons. Firstly, NSE
is generally thought to be specific to neurons and cells of neuroendocrine origin and used as
a biomarker of neuronal injury. B-cell lymphoma pathology does not usually involve
neuronal injury, yet NSE is detected in lymphoma patients. Therefore, there is a question of
the increased serum NSE’s origin. One possibility is that late stage B-cell malignancies
induce or enhance a base level neuronal injury and release of NSE that may be detectable in
biological fluid. Perhaps an inflammatory pathway led to the development of B-cell
lymphoma and is also linked to neuroinflammation or neuronal damage. Secondly, our study
suggests that there is a membrane-bound form of a-enolase, which enhances antigen
presentation and CD4+ T cell responses [20]. Though B-cells do not express NSE, they
express a-enolase, which could be converted into NSE in neurons and ENO3 in muscle. It is
possible that inflammation, which is characteristic of neurodegenerative conditions and
lymphoma, induces this conversion of ENOL1 into a hybrid form of NSE (ay NSE) via a
pro-inflammatory pathway involving activated B-cells (Figure 1). It remains unclear if Beell
lymphomas secrete a.-enolase and apply mechanisms to escape T cell recognition. However,
cell surface expression of enolase is reduced in BL malignancies [20] which both supports
our hypothesis and suggests a possible mechanism for immune escape by B-cell tumors. We
further hypothesize that the membrane-bound form of enolase could be providing activating
signals while the secreted form does not, as the secreted form is linked with poor prognosis.
It is possible that in cancer or inflammatory conditions there could be a secretory pathway
that allows for the conversion of ENO1 into a hybrid form of NSE such as ay-NSE or just
v-NSE in neurons, and subsequent secretion into serum or plasma. B-cell tumors may
capture NSE through receptor mediated endocytosis and release it in advanced stages of the
disease (Figure 1). This secreted form of NSE may also apply multiple unknown
mechanisms to attenuate antitumor immunity in lymphoma patients.

Based on the current understanding of enolase expression in lymphoma and inflammatory
conditions, we believe that exploration of enolase conversion could illuminate the missing
link between inflammation, cancer and neuronal injury in lymphoid malignancies. This
possibility is one that warrants further investigation to augment our understanding of the
increasingly complex pathophysiological mechanisms of B-cell lymphoma. With a clearer
conception of the connection between inflammation and NSE in lymphoma, we may find
new biomarkers as therapeutic targets for better treatment strategies.
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Figure 1.
Potential role of NSE in immune escape and tumor progression in B-cell malignancies.

Under inflammatory conditions, a.-enolase can migrate to the cell surface of antigen
presenting cells and lead to enhanced antigen presentation and production of inflammatory
cytokines. This may promote inflammatory events such as neurodegeneration in elderly
patients who are also suffering from malignant diseases like B-cell lymphoma. Increased
detection of NSE in DLBCL patients are correlated with poor prognosis and typically seen
in active cancer conditions. On the other hand, decreased levels of NSE are correlated with
better prognosis or remission.
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