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ABSTRACT

Objective: Burkitt's lymphoma is an aggressive B cell malignancy that is associated with Epstein-Barr virus (EBV) infection. The
monoclonal antibody rituximab is used to treat many B cell malignancies, including Burkitt’s lymphoma. Studying immune mol-
ecule modulation in Burkitt's lymphoma allows insight on developing new or refining existing immunotherapy agents for refractory
or chemotherapy-resistant patients. The main purpose of this study was to explore rituximab’s impact on the expression of immune
molecules associated with immune activation or immune inhibition by comparing the expression of rituximab-treated cells to IgG-
treated cells using flow cytometry.

Methods: Burkitt’s lymphoma cell lines Raji, Ramos, Bjab, and an EBV-transformed B cell line, COX, were cultured and treated with
an optimally-determined concentration of rituximab or human IgG for 24 hours. Immune modulation was determined by flow cy-
tometric analysis of the immune molecules HLA-I, HLA-DR, PD-L1, and CD40.

Results: Treatment of cells with rituximab, 10 ug/ml, completely downregulated CD20 expression and modulated expression of
immune molecules. Compared to human IgG control, rituximab treatment decreased HLA-1, HLA-DR and CD40 expression on all
cell lines, but significantly only for HLA-I on Bjab. Interestingly, the immune inhibitor PD-L1 was decreased on EBV-positive COX and
Raji but increased on EBV-negative Ramos and Bjab.

Conclusion: Since HLA-I expression is critical for CD8 T-cell mediated tumor cell destruction, the downregulation of HLA-I could
contribute to an immune escape mechanism. As this was a small study, there is limited transferability of the results to the clinical
setting and further experiments comprising larger cell panels are needed.

RESUME

Objective: Le lymphome de Burkitt est une malignité agressive de cellules B qui est associée avec l'infection par le virus d’Ebstein-
Barr (EBV). L'anticorps monoclonal rituximab est utilisé pour traiter plusieurs malignités de cellules B, y inclut le lymphome de
Burkitt. Etudiant la modulation de molécules immunitaires dans le lymphome de Burkitt donne un apercu sur le développement de
nouveaux agents dimmunothérapie et le raffinement d'agents existants pour les patients réfractaires ou chimiorésistants. Le but
principal de cette étude était d'explorer I'impact de rituximab sur I'expression de molécules immunitaires associées a I'activation
ou l'inhibition immunitaire, en comparant I'expression de cellules traitées par rituximab aux cellules traitées par IgG, en utilisant la
cytométrie en flux.

Méthodes: Les lignées de cellules du lymphome de Burkitt : Raji, Ramos, Bjab et une lignée de cellules B transformées par le EBV,
COX; ont été cultivées et traitées avec une concentration optimale de rituximab ou d'lgG humain pendant 24 heures. La modulation
immunitaire a été déterminée par analyse de cytométrie en flux des modulateurs immunitaires HLA-I, HLA-DR, PD-L1, et CD40.
Résultats: Le traitement de cellules avec le rituximab, 10 pg/ml, a completement réprimé I'expression de CD20 et I'expression
modulée des molécules immunitaires. Comparé au controle d’lgG humain, le traitement par rituximab a diminué l'expression de
HLA-1, HLA-DR et CD40, mais seulement de facon significative pour 'HLA-I de la lignée Biab. Curieusement, lI'inhibiteur immunitaire
PD-L1 a diminué pour les lignées EBV-positive COX et Raji, mais a augmenté pour les lignées EBV-négatives Ramos et Bjab.
Conclusion: Comme l'expression de HLA-I est critique pour la destruction de cellules tumeurs par les cellules T CD8, réprimer le
HLA-I peut contribuer a un mécanisme d’évasion immunitaire. Comme cette étude était tres petite, la transférabilité de ces résultats
est limitée dans le contexte clinique et donc, plus d’expériences comprenant plusieurs types de cellules sont nécessaires.
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urkitt’s lymphoma is a rare aggressive mature
B cell malignancy (1). It accounts for 40% of all
childhood non-Hodgkin lymphomas but only
less than 5% of adult lymphomas (2). Burkitt's
lymphoma is found in three epidemiologically distinct forms
that are prevalent in different populations: the endemic form,
the sporadic form, and the immunodeficiency-associated form
(3).The endemic formis most prevalent in Africaand the Middle
East and is the form that is associated with EBV. It is diagnosed
atamedian age of 4-7 years.The sporadic form can be detected
all over the world and at any age and represents less than 3%
of all non-Hodgkin lymphomas (3). The final form is associated
with the human immunodeficiency virus (HIV), is not linked
with EBV, and its development does not correlate with CD4 T
cell levels. All three subtypes have the same morphology and
involve the overexpression of the MYC oncogene expressed
on chromosome 8 (4). The activation of the MYC oncogene
and resultant uncontrolled cell proliferation is triggered by
a translocation with one of three immunoglobulin genes
on chromosomes 2, 14, or 22. The translocation between
chromosomes 8 and 14 is the most common, triggering 80%
of cases of Burkitt's ymphoma.

Over the past few decades, therapeutic techniques boosting
the immune system’s ability to fight cancer, orimmunotherapy,
have become a mainstay in cancer treatment (5). For example,
“checkpoint” molecules involved in immune activation that

subdue theimmune response and prevent autoimmunity have
been identified and have been engineered as an additional
avenue to prevent cancer growth (6). T cell activation occurs
with two main stimulatory steps. The first step is triggered
by the binding of the T cell receptor on naive CD4+ or CD8+
T-cells to the human leukocyte antigen (HLA) on an antigen
presenting cell (APC). The HLA is antigen-bound and this first
step allows specificity of the T cell’s effector function. The
second signal entails the co-stimulatory signals that are also
required for appropriate immune activation. The main co-
stimulatory signal includes the interaction between CD28 on
the T cell and B7 on the APC, but the binding of CD40L on
the T cell and CD40 on the APC is also important in certain
T cell functioning (7). The absence of these co-stimulatory
signals would result in anergy of the T cell (6). This intricate
activation process is further sophisticated by its regulation,
both centrally and peripherally. Occurring in the lymph nodes,
central regulation arises through the binding of cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4) on the surface of
T cells to B7 on the APC. As this interaction induces anergy of
the T cell, CTLA-4 is typically only upregulated when there is
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strong antigen stimulation, and its upregulation out-competes
the CD28:B7 interaction. Peripheral regulation occurs at a later
stage of the immune response and involves the interaction
between programmed cell death protein 1 (PD-1) on T cells
and its ligand programmed cell death ligand 1 (PD-L1) on its
target cells, including cancer cells. This interaction also results
in decreased T cell proliferation and signalling, thus preventing
immune-mediated damage towards targeted tissues.

As cancer develops, there is a dynamic interplay between the
immune system and cancer called immunoediting, whereby
tumours can escape immune system defenses. Although there
are many mechanisms by which tumour cells can escape the
host immune system, interfering with antigen presentation
is an important theme. Tumour cells can down-regulate the
expression of HLA Class | on the surface to prevent recognition
and attack by CD8+ cytotoxic T cells (8). Tumour cells can also
interfere with CD4+ T cell-mediated signalling through the
down-regulation of HLA Class Il (9). Checkpoint pathways are
also not exempt from tumour cell interference, and significant
evidence exists of the manipulation of PD-L1 and CTLA-4
pathways by cancer cells to evade immune defenses (6).

Rituximab, a monoclonal antibody targeting the CD20 receptor,
has been shown to be an effective biologic agent against other
types of non-Hodgkin lymphomas such as diffuse large B cell
lymphoma (DLBCL) (10). The use of rituximab has also been
extended to other B cell lymphomas and there have been
several studies that have shown its safety and effectiveness
in treating Burkitt’s lymphoma (11,12). Most importantly, a
recent randomized control clinical trial was conducted to see
if the addition of rituximab to a short chemotherapy protocol
improves event-free survival in Burkitt’s lymphoma patients (2).
This study included 260 HIV-negative Burkitt’s lymphoma adult
patients. These patients were first stratified into two groups
based on the presence or absence of central nervous system
or bone marrow involvement, and then randomly assigned to
the rituximab or no rituximab treatment groups. The rituximab
group achieved a better prognosis with an event-free survival
of 75% compared to 62% in the no rituximab group. This study
solidified the evidence to support rituximab as a treatment for
Burkitt's lymphoma in adult patients.

The implementation of rituximab in chemotherapy protocols
has also been studied in pediatric Burkitt’s lymphoma
populations and a recent randomized controlled trial showed
favourable results (13). This international study randomized
600 patients with high-risk B cell non-Hodgkin’s lymphoma to
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standard Lymphome Malins de Burkitt (LMB) chemotherapy
with or without the addition of rituximab. A planned interim
analysis including 310 randomized patients, of which 85%
had Burkitt's lymphoma, showed a 1-year event-free survival
rate of 94% in the rituximab group, compared to 81% in the
standard chemotherapy group. This finding led to an early
closure of the study as the rituximab arm had significantly
improved outcomes, confirming that this drug’s efficacy also
extends to the pediatric population.

Despite the improved outcome with chemotherapy in
Burkitt's lymphoma, poor outcomes continue to be observed
in patients with relapsed disease or who are chemotherapy-
resistant (3). A retrospective study conducted by the European
Group for Blood and Marrow Transplantation described a
3-year overall survival rate of only 7% in chemo-resistant adult
patients (14). For pediatric patients with relapsed or refractory
mature B cell non-Hodgkin lymphoma, the 5-year overall
survival rate was noted to be less than 30% (15). As well, even
with the addition of rituximab as salvage therapy in relapsed
mature B cell ymphoma pediatric patients, poor survival rates
were observed (16). The survival rates of the 37 pediatric and
adolescent patients at 1 and 3 years were 40.5% and 37.6%,
respectively.

The purpose of this study is to gain further insight into the
mechanistic actions of rituximab in the treatment of Burkitt's
lymphoma and to delineate an explanation for the poor
outcomes in refractory or relapsed diseased states. The study
comprised investigating the cell surface expression of antigen-
presentingmolecules (HLA-1and HLA-DR),and two paradoxical
immune molecules: PD-L1, animmunosuppressive checkpoint
regulator, and CD40, a costimulatory molecule involved in
T cell activation. Rituximab treatment of the cell lines may
uncover an altered modulation of immune molecules playing
an important role in tumor immune escape mechanisms.
These changes could help explain potential resistance to
rituximab treatment.

This is a pre-clinical study to determine whether rituximab
treatment modulates HLA Class I, HLA DR (HLA Class Il), CD40
or PD-L1 expression in a panel of Burkitt’s lymphoma cell lines.
The first objective of this study was to determine the optimal
concentration of rituximab to deplete CD20 on the surface
of lymphoma cells. The second objective was to determine if
rituximab treatment of Burkitt's cells alters the expression of
HLA Class |, HLA-DR, CD40, or PD-L1.
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MATERIALS AND METHODS
Cells
Cell lines included three well-characterized Burkitt's

lymphoma cell lines Bjab (Dr. Jacques Thibodeau, Université
de Montréal), Ramos (Dr. Mani Larijani, Memorial University),
and Raji (Dr. Gerald T Nepom, Benaroya Research Institute),
and one EBV-transformed B cell line COX (11th International
Histocompatibility Workshop). Cells were grown in complete
medium (CM) consisting of RPMI-1640 (Invitrogen) containing
10% complement-inactivated fetal bovine serum (Invitrogen),
2mM L-glutamine (Invitrogen), 2mM antibiotic antimycotic
(Invitrogen), and 1TmM sodium pyruvate (Invitrogen) at 37 °C
in a CO, incubator. The medium was replenished when the
cells reached a density of 5-8 x 10°/ml and all experiments
were completed on healthy and viable cells as determined by
Trypan blue exclusion.

Rituximab Treatment

Rituximab (Health Sciences Centre Pharmacy, St. John’s, NL),
a humanized anti-CD20 monoclonal antibody, was tested on
COX to determine the optimal concentration of rituximab.
Cells were harvested, counted, and cultured at 2.5 x 10° cells/
ml in CM. Cell cultures were treated with rituximab or human
IgG (hlgG) (Sigma), ranging from 5 pg/ml to 100 pg/ml, for
24 hours, after which CD20 expression was determined by
flow cytometry. The assay was conducted to determine the
rituximab concentration that most effectively down-regulated
CD20 expression.

To determine if rituximab treatment altered the expression of
HLA Class |, HLA DR, CD40 or PD-L1 in Burkitt’s cells, cell lines
were treated at time 0 with the appropriate concentration
of rituximab or the control antibody, higG, at the same
concentration. The cells were incubated for the same time
period as the previous experiment (24 hours), followed by flow
cytometry to determine expression of immune molecules.

Antibodies and Flow Cytometry

Flow cytometry was conducted to measure surface expression
of CD20, irrelevant antibody IgG1/2a (ebioscience/local source),
HLA Class | (antibody W6/32, in house), HLA-DR (antibody
L243, in house), CD40 (antibody B-B20, Abcam), and PD-L1
(antibody MIH2, Abcam). Briefly, 2.5 x 10° cells/assay tube was
removed and centrifuged at 1400 rpm for 7 mins. The cells
were washed twice with FACS (Fluorescence Activated Cell
Sorting) buffer and after resuspending the cells, 100 pL was
added to each 5 mL tube. 25 pL of primary mouse antibody
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(IlgG1/2a, W6/32, L243, B-B20, or MIH2) was then added to
each tube and the tubes incubated on ice for 30 minutes. After
incubation, they were washed twice with FACS buffer and
then 25 pL of secondary antibody (phycoerythrin (PE)-labelled
goat anti-mouse IgG, Jackson ImmunoResearch) was added to
each tube. The cells were then incubated in the dark on ice
for 30 minutes. After incubation, the cells were washed twice
and resuspended in 150 pL of paraformaldehyde to fix the
cells. Samples were then analyzed on a BD FACSCalibur flow
cytometer. Each cell line was tested three times, aside from
COX for which only two experiments were conducted. Only
two experiments were conducted for COX due to technical
difficulties in the experimental protocol.

Interpretation and Statistics

The expression of the immune molecules was determined by
the mean fluorescence intensities (MFI) quantified by Kaluza
software (Figure 1). The MFI for each marker was adjusted by
subtracting the background MFI, accounting for the irrelevant
IgG1/2a binding. The MFIs from the three experiments were
averaged for use in statistical calculations. Statistical analysis
was carried out using Microsoft Excel software. The significance
of differences between hlgG and rituximab treatments was
calculated using a two-tailed, paired students t-test. A p-value
of less than 0.05 was considered to be significant.

RESULTS

The first objective was to establish a concentration of rituximab
that downregulated cell surface CD20 expression but did not
have a huge impact on cell viability. COX cells, which have high
levels of CD20, were treated with various concentrations for
24 hours, after which flow cytometry and viability assays were
performed. As shown in Figure 1 (A, B), all concentrations of
rituximab blocked CD20 expression. Compared to untreated
cells, the number of viable cells was reduced in a dose-
dependent manner (Figure 1C), as compared to untreated
with only a small impact at the lower concentrations. Based
on these results and literature reports (17, 18), 10 pg/mL was
selected as the concentration of rituximab for subsequent
experiments.

Three sets of experiments were performed on rituximab or
hlgG-treated Burkitt's lymphoma cells, Raji, Ramos and Bjab,
and two sets on EBV-transformed COX cell line, followed by flow
cytometric analysis. Representative histograms comparing
expression of HLA-I, HLA-DR, CD40, and PD-L1 on rituximab
and hlgG treated Bjab cells is shown in Figure 2. Compared to
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the control hlgG-treated cells, rituximab treatment somewhat
reduced expression of HLA-I, HLA-DR, and CD40 on all cells
whereas the effect on PD-L1 was variable and cell-dependent
(Figure 3).
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Figure 1. Determination of the optimal concentration of
rituximab concentration to downregulate cell surface
expression of CD20 on COX cells. Cells were treated or
not with indicated concentrations of rituximab for 24 hours
and then assayed for CD20 expression by flow cytometry
and viable cells. A: Representative flow histogram illustrating
loss of CD20 using rituximab (10pg/ml) to treat COX cells. B:
CD20 downregulation by rituximab is dose dependent, as
indicated by decreased mean fluorescence intensities for
all concentrations of rituximab compared to untreated cells.
C: The number of viable cells was inversely correlated with
increasing concentrations of rituximab.
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Figure 2. Flow histograms of a representative experiment on cell line Bjab showing expression of HLA-I, HLA-DR, PD-L1 and CD40
following rituximab treatment (red lines) or hlgG treatment (blue lines).correlated with increasing concentrations of rituximab.

HLA-class | was significantly (p = 0.013) reduced on rituximab
treated Bjab cells and although reduced on other cells, the
effect was not statistically significant (Figure 3A). Similarly,
the downward trend for expression of HLA DR, a class Il MHC
molecule, and CD40 on all treated cells is apparent (Figure
3B and 3B), but not significant. None of the cell lines
expressed much constitutive PD-L1 and rituximab treatment
had variable effects (Figure 3C). As shown, Raji and COX cells
displayed decreased expression after rituximab treatment,
whereas Ramos and Bjab showed increased and variable PD-
L1 expression after rituximab. None of the rituximab-mediated
changes in PD-L1 were statistically significant.

DISCUSSION

While rituximab treatment of Burkitt's lymphoma cell lines
did show a trend to downregulate surface expression of the

UOJM | www.uojm.ca

immune molecules HLA DR, CD40 and PD-L1, in the majority
of cases this was not statistically significant. There was a
significant downregulation of HLA Class | expression in the
Bjab cell line.

The downregulation in HLA Class | expression could potentially
have negative implications in the use of rituximab to treat
Burkitt's lymphoma. As mentioned earlier, a mechanism
through which tumour cells evade immune surveillance is by
downregulating HLA Class | on their surface to limit the attack
of cytotoxic T cells (8). These CD8+ T cells typically recognize
tumor-associated antigens on cancer cells through binding to
the antigen on HLA Class | on the cancer cell, an interaction
that is limited when this HLA molecule is downregulated (19).
This result suggests that rituximab treatment could potentially
contribute to an immune escape mechanism in Burkitt’s
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Figure 3. The expression of immune molecules HLA Class | (3A), HLA-DR (3B), PD-L1 (3C), and CD40 (3D), measured by mean
fluorescence intensity (MFI), on the cell surface of Burkitt’s lymphoma cell lines and an EBV-positive B cell line after rituximab
treatment. The figures show the averages of three independent experiments, with the exception of two independent experiments
for COX line. The error bars represent standard error with * signifying p < 0.05.

lymphoma, which could negatively impact prognosis.

Despite the immune mechanism illustrated above, the
repercussions of the loss of HLA Class | expression in the setting
of B cell lymphomas are not well-defined. Interestingly, our
results showed adownward trend for HLA-DR expression, which
is supported by previous reports showing downregulation
of HLA Class Il in patients receiving standard chemotherapy
with rituximab. This was found to be a negative prognostic
factor in B cell lymphomas, but the same has not been
shown for HLA Class | expression (19,20). In a retrospective
analysis of 144 patients with diffuse large B cell lymphoma
and that were treated with standard chemotherapy, the loss
of HLA Class | expression did not correlate with a worsened
prognosis (19). The authors suggest the work of natural
killer cells and rituximab in conducting antibody-dependent
cellular cytotoxicity or direct cell killing has compensated for
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the decreased activity of cytotoxic T cells through HLA Class |
interactions.

CONCLUSION

Based on these results, rituximab treatment tends to resultin a
decreased cell surface expression of theimmune molecules HLA
Class|,HLA Class I, PD-L1,and CD40 on Burkitt's lymphoma cell
lines. However, aside from HLA Class | expression on the Bjab
cellline, the results were not statistically significant. With these
limited results, it is difficult to extrapolate them to the clinical
setting to determine whether rituximab therapy will improve
treatment outcomes in refractory or relapsing cases of Burkitt's
lymphoma. More data should be collected through further
experiments including a wider variety of Burkitt's lymphoma
and B cell lines. If subsequent experiments confirmed
these results, exploring the mechanism by which rituximab
downregulated HLA-I expression is the next avenue to pursue.
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This could be significant as one of the central anti-tumour
immune mechanisms is cytolytic CD8+ T cell destruction of
tumour cells, which require ample HLA expression.
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