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ABSTRACT

'Endemic Burkitt's lymphoma (BL) is a pediatric B-cell malignancy.associated with a lot
of mortality. Although studies have implicated Plasmodium falciparum and Epstein Barr
VIT,uS(EBV).infections iIlBL pathogenesis.their role in the pathogenesis of this disease is '.'
still not well understood. In addition, there is a paucity of data on B-cell or EBV
reactivation and hematological parameters in BL patients. This study was, therefore,
designed to answer some of these questions. This study involved a longitudinal cohort
study of infants from geographically proximate regions with divergent malaria exposure,

,that is; Chulaimbo (malaria endemic region) and Mosoriot '(sporadic malaria
transmission). In addition, this study involved a case-control study involving BL patients
and age and gender-matched controls. Flow cytometric analysis of B::.cellswas performed
on freshly isolated peripheralbloodmoD.om.lclearcells (PBMCs), EBV viral loads were '
quantified by quantitative polymerase chain reaction assay (Q-PCR); serological analysis
was carried out by Luminex and ELISA assays" while hematological indices were
measured by Coulter counter. Pair-wise comparisons were done using t-tests or Manri-
Whitney U test while multiple comparisons were done using repeated measures analysis

,of variance or Kruskal- Wallis tests as appropriate. The results showed significantly
higher CD19+ B-cells inChulaimborelative to Mosoriot infants at 12, 18 and 24 months

'"(p=0.002, p=O.05 and p~O~05, respectively). However, the frequency of IgD+CD27+
memory B-cells were significantly higher in Mosoriot, relative to Chulaimbo at 12, 18
and 24 months (p=0.0214, p=0.0024 and p=O.0071, respectively). Flow cytometric
analysis of peripheral blood of BL patients and controls showed significantly higher,
frequencies of B-cell receptor deficient B-cells (p=0.0038) and lower frequencies of
CD19+IgD+CD27+ memory Bvcells (p<O.OOOI) in BL patients relative to controls.
Luminex assay and Q-PCR results revealed significantly increased anti-Zta (p=0.0017),
VCA IgG levels (p<0.0001) and plasma EBV viral load (p<O.OOOI) in BL patients

, relative to the controls. Hematological analysis revealed that severe anemia and elevated
plasma viral load were adverse prognostic risk factors for overall survival (Hazard Ratio
[HR]; 4.01, 95% CI; 1.15-13.90,p==0.0288 and HR; 4.98, 95%Cl; 1.59-15.60,p=0.0058,
respectively). Taken together, these data indicate, that early exposure to P. falciparum
malaria perturb B-cells homeostasis and EBV reactivation thus predisposing children
from malaria endemic regions to develop BL. Both elevated antibodies to Zta and plasma
EBV viral load are relevant biomarkers for BL disease prognosis. In addition, both severe
anemia and elevated EBV viral load are associated with poor outcomes in BL patients.
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CHAPTER ONE

1.0 INTRODUCTION

Burkitt's lymphoma (BL) IS a high grade B-celllymphoma, showing a lot of

heterogeneity in terms 'of geographical distribution, gender distribution; 'clinical ..

presentation and age of occurrence (Magrath, 1990; Klein et al., 1995; Magrath, 1997;

Rochford et a!., 2005). This tumor has several clinical variants including endemic
. ." .

Burkitt's lymphoma (BL);a childhood lymphoma common within malariaholoendemic
. .

regions, sporadic BE prevalent among adolescents in western countries,' Acquired

Immunodeficiency Syndrome (AIDS)-related BL, common in 30% of' individuals

infected with human immunodeficiency virus (HIV) and pleomorphic or atypical variants

(Magrath, 1990; Magrath; 1997). All these variants exhibit c-myc chromosomal

translocation that deregulates. the expression of this gene (Bishop et al., ·2000).

Histopathologically, these variants present as poorlydifferentiated lymphoma with cells'

showing little variation in size and shape (Magrath, 1990; Bishop et aI., 2000; Fujita et

al., 2004) and exhibiting a starry sky appearance due to the infiltration of macrophages
'. .

with'the necrotic debris fromtumor cellsflvlagrath, 1990; Drouet et al., 1999; Rochford

et al., 2005),

Endemic Burkitt's lymphoma (BL) IS an InVaSIVe B-cell lymphoma that shows

predilections for the jaw, abdominal, central nervous system, thyroid glands, orbital areas
. . . .

arid the breast (Magrath, 1997; Bishop et al., 2000). It is the most common pediatric

malignancy in malaria endemic regions of sub-Saharan Africa, Papua New Guinea and

South America (Rochford et al., 2005), where 90-95% of the cases are associated with
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. Epstein Barr virus (EBV) infection (Rickinson, 2002). Several linesof evidence suggest

that interactions between endemic Plasmodium falciparum malaria, early age of exposure

to EBV infection and Bvcell development programs are critical in the emergence of BL in

equatorial Africa (Rochford et al., 2005; Roughan et al., 2010). In addition, exposure to

other environmental stimuli such as arboviral infection, plant extracts (for example the

latex sap of Europhobia tirucalliiy, dietary components like smoked fish and lack of

essential micronutrientsplaycritical role in the emergence ofthis disease (Abdalla, 1992;

MacNeil et al., 2003). Hence, this tumor .is classified as a polymicrobial disease

(Rochford et al., 2005). However, how these etiological factors contribute to the

. emergence of this disease is still elusive.

Epstein Barr virus; which is one of the etiological agents of BL, is a B-cell lymphotropic

virus that can infect nearly all B-cell subsets (Joseph et al., 2000b ).Studies in healthy

individuals have shown that EBV infects normal B-cells in the oral/nasopharyngeal

epithelium and drives them to become activated lymphoblasts (Donati et al., 2004;

Donati etal., 2006b). These activated Iymphoblasts then transit through the germinal

center where they differentiate into a population of resting re-circulating memory B-cells

which provide a sanctuary for persistent viral infection due to their longer life (Joseph et

al., 2000b). The EBV persistence in this B-cell subset is further augmented by switching

off of growth promoting latent genes in these B-cell subsets to shield the infected B-cells

from constant immunosurviellance (Babcock et al., 2000; Babcock etal., 2001).

2



.. .

The continual perturbations of the antiviral immune response during acute clinical or

chronic P. falciparum are proposed to play an important role in the pathogenesis of BL

(Rochford et aI., 2005). For example, studies from geographically-proximate regionsof

western Kenya have shown that children from a malaria-holoendemic region have. .

.' '-, .

elevated EBV viral loads (mean viral copies/ml of 3.325 log copies/ml) compared to
. .

those from an area with unstable malaria (mean viral copies/mlof 0.762 log copies/ml) .

. (Moormanner al., 2005). In addition, chronic exposures to P. falciparum infection have

•been associated with expansion of latently EBV -infected Bscells leading to elevated viral

loads that predispose children to develop BL (Rasti et al., 2005). However.ithe

peripheral B-ceU phenotypes were not characterized in these studies. Two .recent studies

have demonstrated that exposure to acute clinical' malaria or chronic P. falciparum

. promotes perturbations in peripheral blood lymphocytes populations and shifts. in

lymphocyte phenotypes (Asito et al., 2008; Weiss et aI., 2009). However, these studies

did not look at how early divergent exposure to P.falciparum infection in infants impacts

on peripheral B-homeostasis and EBV persistence consequently predisposing children

from malaria endemic regions to develop BL. Moreover, elevated EBVviral loads

reported in BL patients have been associated with increased circulation of BL tumor cells

in peripheral blood (Steven et aI., 1999; Moormann et aI., 2005) with none of these

studies characterizing the peripheral B-cell phenotypes. Recently, elevated EBV viral

load has been associated with expansion of Bvcell receptor (BCR)-deficient B-cells in

peripheral blood in EBV-associated post-transplant Iyrnphoproliferative disorders or solid

organ transplant patients (Schauer et al., 2009). However, it is not known whether this is

true for BL patients. Moreover, serological studies have demonstrated that detection of

3



antibodies against the EBV immediate early trans-~ctivatorpr6tein Z~, (also known as

ZEBRA) is associated with elevated EBV viral load in nasopharyngeal carcinoma (NPC), ..

another EBV-associated malignancy (Chan et aI., 2003; Dardari et aI., 2008). In

addition, other studies detected Zta transcripts and proteins in BL tumors (Xue et al.,

2002). However, whether elevated levels of antibodies against Zta occur in children with
. .

. '.' . . . . '.

BL is unknown, but there is evidence of increases with age in children from malaria

endemic region where the risk of BL is high (Piriou et al., 2009). In addition, despite the

fact that studies have demonstrated the utility of elevated plasma EBV viral loads as

prognostic markers of tumor metastasis in nasophamgeal carcinoma patients (Shao et aI.,

2004), and that elevated EBV viral loads are associated with hematological abnormality

in T-cell lymphoma patients (Moullet et al., 1998; Caro et aI., 2001; Ludwig etal., 2004;

Birgegard etal., 2006), to date, no study has addressed the association between EBV

viremia and anemia, and their possible impact on the BL patient's outcomes in sub-

Saharan Africa. Therefore, there is a need to elucidate the association between these two

parameters in BL patients and their impact on BL patient outcome and its implication in

tumor staging especially in sub-Saharan Africa where access to sophisticated equipments

used intuinor staging are limited.

While these reports are intriguing, there are limited data on how early exposure of infants

to divergent P. Jalciparum·impact on peripheral B-cell homeostasis and EBV persistence

thus predisposing children from malaria endemic regions to develop BL. This has been

compounded by limited sample volumes in infants, an acceptable frequency of repeat

sample collections, and gaining ethical and parental approval for enrolling healthy
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children in studies. In addition, there are no data on peripheralBvcell homeostasis in BL

patients and the association between EBV viral load and hematological indices and their

role in determiningBL patients'outcomes. The recent developments of flow cytometry
. '.' ". . . . . '. '. '.

, ' ,

and Luminex assays that use limited sample volumes has allowed a more thorough
. . .

,'. . .',

analysis of the B-cell phenotypes and EBV reactivation in pediatric population.
. .

Und~rstanding the dynamics of peripheral B-cell homeostasis .and·EBV persistence in

infants and in BL. patients can help .in unraveling the pathogenesis of BL, thus helping in .

developing intervention measures and in rational design of vaccines against BL

1.1.Statement of the problem

Endemic Burkitt's lymphoma is the most.prevalent pediatric cartcerJn Kenya (Mwanda et

al., 2004; Mwandaer al., 2009). A survey of hospitalized BL cases inKenya from 1988'-

1997 showed that out of 1,005 patients, 95,6% were children under 16 years old while no

cases were reported in children less 2 years old (Mwanda et al., 2004). There is a wide

variation in the distribution of BL among the provinces in Kenya, with the highest

incidence of BL in regions that experience holoendemic malaria (Rochford et al., 2005;

Raineyet al., 2007a). Kisumu district in Nyanza province that experiences endemic

malaria transmission had the highest incidence of BL compared to districts in Rift Valley

highlands where malaria transmission is unstable (Mwanda et al., 2004; Rochford et al.,

2005). Burkitt's lymphoma is a progressive disease, which means that once it initially'

develops, it can become a severe problem in only a short period of time and has 100%

mortality rate, if not treated (Rochford et al., 2005; Mwanda et al., 2009). Despite the

fact that Burkitt's lymphoma can be treated with chemotherapy this disease still remains
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aseriouspr6blem and has been associated with a lot of morbidity' and mortality among

the pediatric cancer patients in Kenya (Mwanda et al., 2004; Rainey et al., 2007a;

.Mwanda et al., 2009). In addition, in resource-constrained settings, such as Kenya,
. . .

". ". . . . . . .

intravenous chemotherapy and supportive care for BL patients are' challenging as most of
. ". ." ",

the administeredcancet drugs are extremely cytotoxic and can have serious side effects. . . .'

(Mwanda et~l., 2009). In addition, the drugs are also expensive and children do not get'

adequate treatment (Mwanda et al., 2()09). Furthermore, the situation has been

compounded by limited data on how immunological factors determine patients outcome

(Olowu et al., 2006; Mwanda et al., 2009) and most vaccines developed to date are not
.' . .

'readily available to third-world countries since they are still under clinical trials and their

efficacy and safety in populations have notbeen ascertained. Therefore, understanding

the etiology of BL is essential to ultimately design interventions such as vaccines and

drugs needed to prevent this common childhood cancer.

, 1.2. Research justification

Studies have demonstrated that BL distribution in Kenya IS tightly correlated with the

geographical distribution of malaria transmission patterns, depicting· holoendemic malaria

as a co-factor in BL lymphomagenesis (Mwanda et al., 2004; Rainey et al., 2007a;

'Rainey et al., 2007b). For example, two adjacent districts in western Kenya with

differential P. falciparum malaria transmission patterns (Kisumu district in Nyanza

Province that experiences endemic malaria transmission) has the highest prevalence of

BL while (Nandi district in Rift Valley Province) that experiences unstable P. falciparum

malaria transmission has the lowest prevalence of BL in Kenya (Mwanda et al., 2004).
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The reasons as .to why there is a small window period between infections with two

etiological agents (P.falciparum and EBV) and the time of presentation of the disease are

stillelusive (Rochford et al., 2005). More importantly, the factors that lead children from
. .". . . .. .".

malaria endemic regions to have the highest prevalence ofBL compared to children from

regions with unstable transmission are still not fully understood (Moormann et al., 2005).
, '

, '

In addition, although BL is a Bvcell tumor, there are no data on B-cell dynamics or

whether perturbations in . B-cell subsets mirror EBV viral loads 'and whether

hematological .aberrancies in. cancer patients are associated with poor outcomes.

Therefore, this study was designed to longitudinally look at temporal changes in B..:cell

homeostasis and EBV viral loads at 12, 18 and 24 months, in infants from geographically
. . . - .

proximate areas that experience differ~nt malaria transmission patterns in western Kenya.

The findings are important, since they provide meaningful understanding of the

immunologic risk factors, that contribute to BL lymphomagenesis in children from

malaria endemic regions. In addition, this study was also designed to investigate B-cell

and EBV reactivation in BL patients and age and gender-matched controls from malaria

endemic regions with high incidence of BL in order to elucidate, the immunological,

biomarkers' of disease progression and biological factors associated with poor outcomes

in BL patients. The data collected from this study are critical in refining intervention,

therapeutic and vaccine strategies against BL.

1.3.Null hypothesis

There are no differences III peripheral B-cell homeostasis, EBV reactivation and

hematological parameters in children from areas with divergent P. Jalciparum exposure

and BL patients.
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1.4. Objectives of the Study

1.4.1. General Objective

To characterize B-cell homeostasis, EBV reactivation and hematological parameters in ..

children from areas with divergent P. Jalciparum exposure and BLpatients.

1.4.2. Specific Objectives

1. To determine if differential P. falciparum malaria transmission dynamics and age
. .

impacts on peripheral B-cells expressing CDI9, CDIO, CD23, CD38, CD27, IgD,

..CD21, FCRL4 in.infants.

2. To determine if there is a temporal change in EBV viral loads in. infants based on

age and differential exposure to P. falciparum malaria transmission.

3; To phenotypically characterize B-cells expressing CDl9,kappa and lambda light

chains, CD27, IgD, CDIO, CD77, CD38 and CD5 in BL patients and in age arid

gender-matched controls.

4. To determine differences in IgG-specific immunoresponses against EBV antigens

in BL patients and in age and gender-matched controls.

·5. To determine differences in hematological indices in BL patients and in age and

.gender-matched controls.

6. To determine if anemia and EBV viremia are associated with poor outcomes in

BL patients.
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,CHAPTERTWO

2.0 LITERATURE REVIEW

2.1. B lymphocyte biology and homeostasis

B-cell lymphopoesis is a complex, life-long process that occurs in different human . '

anatomical' compartments at different times, involving antigen-independent and

dependent phases (Blomand Spits, 200p). Several growth promoting and transcriptional

factors regulate the commitment, survival, proliferation and maturation of B-cells, while
, '

chemokine and chcmokine receptors play a critical role in B-cell trafficking (Nunez et

, aI., 1996; Blom and Spits, 2006). The early stage of B-cell development takes place in

'. the fetal liver and continues in the bone marrow throughout a mammals life (Nunez et al.,

'1996; Tangye et aI., 2003a). However, the presence of pre-Bvcells and mature B-cells in

cord blood indicates thatB'cells lymphopoesis occur in other sites other than the bone

marrow and fetal liver (Weerkamp et al., 2005; Weerkamp et al., 20(6).

B-cells, like other lymphocytes, originate from pluripotent, hematopoietic stem cells that
, '

differentiate into mature B-cells through various intermediate cell types, as defined by ,

expression of different cell surface antigens and molecular markers (Blom and Spits,

2006). After reception ,of growth promoting signals from bone marrow stromal cells, the

B-cell lymphoid progenitor undergoes a sequential B-cell development through

CD34+CD19-CD 10+ early B-cellprogenitors that present with cytoplamic

immunoglobulin and exhibit diversity joining (DJ) gene rearrangements (Hardy, 1991;

Hansen et al., 2002). This subset then gives rise to pro-B-cell subset genes responsive to

maturational, proliferative and pro-survival signals from IL-7, IL-3 and bone marrow
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. . .

derived molecules; and are phenotypically ~haracterized as CD34+CD 19+(D 10+ (Ryan

et al., 1997). At molecular levels; this subset is distinguished by the expression .of

Recombination Activating Genes (RAG),/l heavy chain, genes for surrogate light chains

and acquisition of Variable Diversity Joining (VDJ) gene rearrangeinents as they

progress to become a pre-Bscells (Ryan et aI., 1997; Bohnhorstetal., 2001; Blomand.. .

Spits, 2006), that display pre-Bvcell receptors. Further classified into large

CD34+CDI9+CDlO+ pre-BI, large CD34-CDI9fCDlO+ pre-BU and small CD34-

CD19+CDIO+ pre-Bvcells, precursors of immature B-cells (Blom and Spits, 2006). The
. .

immature or transitional Bscells (CD34-CDI9+CD27-IgD-IgM+CDIO+) express a !l
. . ..' .' :

. . . .

heavy chain and K or A light chains and are very susceptible to both positive and negative

selection (Sims et al., 2005). The immature Bscellsexit the bone marrow to become ..

mature naive (resting) B-cells (CD34-CDI9+CD27-IgD+lgM-CDlO-) (Tangye et. aI.,

2003a; Sims et aI., 2005). Mature naive B-cells leave the bone marrow and migrate via

the peripheral blood to secondary lymphoid tissues such as spleen, lymph nodes, and

Peyer's patches {Tangye et al., 2003b), where they interact with cognate antigens andT

cellderived signals to give rise to memory B-cells (CD34-CDI9+CD27+IgD-IgM-)

(Sanzet aI., 2008). These· memory Bvcells undergo somatic hyper-mutations and

immunoglobulin isotype switching, producing high affinity antigen-specific antibodies in

the germinal centers (Tangye et aI., 2003b). When these antigen-activated B-cells stop

proliferating and they are stimulated by the B-cell receptor (BCR), IL-6, IL-IO, B-cell

induced maturation protein 1.(BLIMP 1) to terminally differentiate into mature plasma

cells (Avery et aI., 2003; Tangye et aI., 2003b).
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B-cells can ·thus be classified into immature transitionalBvcells (CD19+CDIO+GD34-

CD27-), naive' B-cells (CD19+IgD+CD27-), memory Bvcells (CD19+CD27+),·

plasmablast (CD19+CD38+IgM-) and plasma cells (CD19+CD138+CD38+) B-cell

subsets based on the expression of the IgD, CD27, CD38, CDlO, CD24, CD138 and
. . - ". '., ": .'

.' .

CD23 surface markers(Bohnhorst et al., 2001; Sims et al., 2005; Chang et al., 2008;
. .

Sanzet at, 2008). Upon antigenic challenge, naiveB~cel1s differentiate into memory B-

cells or plasma cells through the germinal center .dependent or independent pathways

(Lindsley et al., 2007). Thus, memory B-cells can be further classified based on their

functionality and anatomical origin into. marginal zone Bscells

(CD19+CD27+IgD+C27+) with unlimited somatic hyper-mutation and produce, high

affmity IgM (Weller et al., 2008) or class-switched. memory B-cells (CD19+CD27+IgD-

IgM-) that produce IgG, IgM andIgA (Kruetzmann etal., 2003; Martinez-Gamboa etal.,

. 2009). Additionally; CD38:-CD23- B-cells that represent early class-switched memory B-

cells that have not acquired the expression of CD27 have also been described, raising the

question on the utility of CD27 expression as memory B-cells marker (Chang et al.,

2008; Sanz et a!., 2008).

Despite the fact that B-celldevelopinent is a tightly-regulated process, abrogation in B-

cell differentiation and chemotaxis has been reported (Bohnhorst et al., 2001; Asito et al.,

2008; Weiss et a!., 2009). niese defects potentially occur during the formation and

revision of antigenic receptors leading to chromosomal translocations that augment

defects in B-cell development or immunoglobulin synthesis common in B-cell

immunodeficiency (Shaffer et al., 2002). These chromosomal mutations further prevent

apoptosis and potentiate B-cell proliferation leading to emergence of lymphomas (Refaeli
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et at, 2008). Alternatively, persistent antigenic or mitogenic stimulation from parasitic

or viral- infections elicit immunosuppression and emergence of malignant Bvcell clones

(Donati et al., 2006a; Moormannet al., 2009), through cytokine imbalances that lead to

production of pro-survival cytokiries and dampen the production ofcytokines that lyse

these clones (Moormann et al., -2007; Moorrnann et al., 2009). Recently, shifts inB-cell

homeostasis and elevation of B-cells that are phenotypically similar to BL tumor cells

-(CDI9+CDIO+) have been reported in studies in nrv patients arid children suffering from

acute P. falciparum malaria (Malaspina et 01.,2006; Asito etat.,2008). Although other-

- authors have described these subsets as transitional B-cells (Cuss et al., 2006), EBV
" . "

infection of this subsets induce _dysfunctions -in molecular pathways that precipitate

oncogenic chromosomal translocations essential-for the emergence of malignant B-cell

clones. In addition; the destruction of splenic architecture during chronic exposure to P.

falciparum -augment Bvcellstimulation with polyclonal activators like infected red blood

cells, soluble malaria antigens and immune complexes (Donati et al., 2004). Continual

exposure to polycIonal activators also destroys the architecture of lymphoid organs, and

lead to immunosupression and consequently to lymphomagenesis (Donati etal., 2006b).

2.2. Impact of -P. Jalciparum malaria infection oil B-ceU homeostasis and BL

lympomagenesis

Pathogens are the most common causes of morbidity and mortality reported in children

under the age of 5 years (Kelly etal., 2008). In sub-Saharan Africa regions, such as

western Kenya, co-endemicity of parasitic, viral, and bacterial infections are -common -_

(Berkley et al., 2005). These co-infections abrogate both innate and adaptive immune

responses in children (Dorfman et al., 2005; Moormann et al., 2007). Within the B-cell
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compartment; these abnormalities include· changes in chemotaxis; Bscellhomeostasis,

defective humoral immune response and increased incidences of Bscell neoplasm's like

BL (Rochford et al., 2005; Asito et al., 2008; Thorley-Lawson and Allday, 2008). One of

the most common parasitic infections in these regions is P. jalciparum, with mortality
.' ,", ," ,',

rate of over 2.7 million and morbidity of 500 million annually (Urban et al., ·1999) ...
". . '",

Unfortunately, these regions also experience lack of adequate nutrition, poverty,

hematological disorders, anti-malarial drug resistance and poor. health care systems

(Dorfman et al., 2005). Malaria endemicity in Africa is defined, on the basis of parasite

prevalence, into; meso endemic, holoendemic and hyperendemic regions. In malaria

holoendemic settings the clinical attacks .by P. falciparum .are .highly variable, with

children aged below 5 years bearing the brunt of thisburden (Beier et al., 1994; Rasti et

aI., 2005; Ernst et al.; 2006; Asito et al., 2008; Carpenter et al., 2008). Thus,

understanding the interaction between differential early exposure to infectious pathogens

and B-cells is critical in elucidating cellular mechanisms underlying the generation of

humoral immunity and B-cell malignancies in children.

By birth, infants have well-developed germinal centers and are able to generate memory

B-cells responses to infectious pathogens (Weller et al., 2008). Placental transfer of

maternal antibodies is also important in defense against infection in neonates with naive

immune system (Scott et al., 2005). However, this transfer can lead toB-cell hypo-

responsiveness to several pathogens by interfering with. antibody synthesis, immune

priming and also lead to T cell tolerance in neonates (Brair et al., 1994; Carlier and

Truyens, 1995). For example, infants born by mothers from areas with endemic P.
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Jalciparum malaria have impaired humoral immune .response against several pathogens

(Brairet a!., 1994): Taken together, these data demonstrate that maternal exposure to

pathogens modulate immunity of their children, however the cellular basis of these

defectsin B-ceUresponses are still not well understood.

Malaria displays complex immunopathophysiology that impact on several disease

conditions(Whittleet al., 1984; Lam eta!., 1991; Moormann et al., 2007; Asito et al.;

2008). For example, in BL, P. Jalciparuminfections elicit immunosuppression ofEBV-
.. .

specificT cell responses and expansion of the EBV-infectedB-cell· pool (Whittle et a!.,

1984;Lam eta!., 1991). Earlier studies showedthat P.falciparum infections potentiate
. . .

theexpansionof the EBrB-cell pool in spontaneous transformation assays(Lam etal.,

1991).. Chronic or acute clinical.P, falciparum malaria abrogates the capacity of T and

B-cellsto exert EBV-specific immune responses due to the sequence homology between

malariaantigens and those of other micro-organisms (Moormann et al., 2007). Studies

byMoormannet a!. (2005), in two areas of western Kenya with differential P. falciparum

transmissiondynamics, have shown that EBV viral loads are elevated in children from
. . .

holoendemicrnalaria. regions as compared to areas with unstable transmission. Other

studieshave shown that the impact of malaria on EBV persistence seems to be evident

onlybefore immunity to malaria is fully acquired, as adults residing in the same domicile

do not have detectable levels of EBV DNA in their plasma (Donati eta!., .2006a).

Elevatedviral loads are also associated with disease severity (Yone et a!., 2006). These

findings indicate that viral re-activation is common among children living in malaria

endemicregions, and may be a contributing factor in BL emergence (Donati et a!., 2004;
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Moorrnann eta!., 2005; Piriou et a!., 2009). In the healthy host, EBV -specific cytotoxic

T lymphocyte clones augment .the lysis of proliferating B-cells that express EBVviral

antigens (Khanna et a!.,J995). Additionally, CD4+ T cells play the critical role of.

immune helpers to CD8+ T cells and use the Fas/Fasl. mechanism to exert effector

responses to Epstein-Barr virus nuclear antigenl (EBNAl) in EBV-:positive B-cells
. .. . .

(Moorrnann et a!., 2009). P. Jalciparuminterfereswith the capacity of both CD4+ and

CD8+ T cells toelaborate immune response by altering the production of pro and anti ...

inflammatory cytokines, prejudicing immune response towards T helper 2 (Th2) that

favors emergence ofEBVlatency 1tumors like BL (Rochford etal., 2005; Moormann et

al., 2007). Additionally, erythrocytic stages of P. falciparum modulate the competency

of dendritic cells to act as antigen presenting cells (APC) by interfering with their

maturational processesIl.Irban et al., 1999). The utilization of B-cells as APCs during

acute clinical malaria further skews the immune system towards Th2 and is one of the

predisposing factors to the high prevalence of BL tumors in malaria endemic areas.

(Rochford et al., 2005).

In healthy adults, memory B-cells provide sanctuary to BBV, one of the important

etiological factors ofBL (Rochford et a!., 2005; Moormann et a!., 2007). P. falciparum

infection deregulates immunity to BBV with viral loads in children closely associated

with malaria transmission dynamics and disease severity (Moormann et al., 2005; Donati

etal., 2006a). Therefore, it appears paradoxical that increased EBV DNA levels ate

found in children with acute malaria, together with a decreased frequency of memory R...

cells (Moorrnann et a!., 2005; Asito et al., 2008). This suggests that viral persistence and

15



establishment of EBV infection· in children from malari~ endemic settings differ from the

situation inhealthy adults. Despite the fact that B-cell development is a tightly regulated

process, abrogation in B-cell differentiation occurs in immunodeficient and autoimmune

patients (Malaspina et al., 2006; Moir et al., 2008b). Similarly, a study found elevated .
,- . .

frequencies of immature. transitional B-ceIls (CD 19+CD 10+) in children suffering from

acute clinical P. falciparum malaria (Asito it al., 2008). Interestingly, immature

transitional B-cells are more susceptible toEBV infection compared to their memory B- .:
. . .

cell. counterparts (Domeret al., 2008), and stimulation of . this population by
". ", . " .

unmethylated bacterial DNA (CPG). through Toll-like receptor 9 (TLR-9) leads to.
. . .'

constitutive" expression of activation induced deaminase (AID) and B lymphocyte
. .

induced maturation protein 1 (Blimp-I) genes, critical in potentiating c-myc translocation

important in BL pathogenesis (Capolunghi et al., 2008). Importantly, P. Jalciparum .

induces expression of a ligand for TLR-9 (Pichyangkul et al., 2004) .: Altogether, these

studies indicate that concomitant infections provides a suitable micro-environment for

emergence of malignant B-cell clones (Asito eta!., 2008). However, these studies did

not look at how early divergent exposure to P. Jalciparum or' to other infectious '.'

pathogens influences changes in B~tell subsets distribution and if these changes correlate .

with EBVviralloads.

The effects of chronic infections on B-cell developments in children has not been

thoroughly investigated, yet children from. malaria endemic regions are susceptible to B-

cell lymphomas and information about BL immunopathogenesis in these children is still

not well understood (Thorley-Lawson and Allday, 2008). The fact that memory B-cell
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lineages are established during infancy and P. -falciparum infections perturb

CD19+CD27+ memory J3.:.cellspopulation that offers sanctuary forEBV persistence

(Joseph et a/., 2000a), necessitates the need to understand the effect of divergent

exposure to P. Jalciparum infections on B-cell biology and on EBV persistence during

early childhood.

The most ,cotnmon immunological 'manifestations .during acute, or chronic, P. 'Jalciparum

infection are alteration in peripheral blood lymphocyte populations and •their phenotypes

(Asito et 'al., 2008; Weiss etal., 2009). Within the B-cell population, several immune

dysfunctions have been reported, including: polyclonal Bvcell. activation,

hypergammaglobulinemia, spontaneous' propricidal cell death, auto ..antibody production,

, circulating immune complexes, and loss of primary and memory antibody responses to P.

falciparum in children (Donati eta/.,2004). These findings appeartoreflect a temporary

activation ofB-cells by P. falciparum antigens (Whittle et a/., 1990; Donati et al., 2004),

but the kinetics. of this phenomenon, the antigens that drive B'-cell activation and their

impacton EBV persistence are still elusive (Donati et a/., 2004). However, studies have

implicated the cysteine-rich interdomain regionla (CIDRla) of Po Jalciparum

erythrocyte membrane protein 1,(PfEMP 1)and merozoite antigen of P. falciparum in B-

cell activation(Whittle etal., 1990; Donati et al., 2004). CIDRla has been implicated in

the up-regulation of the expression of co-stimulatory molecules CD80, CD86, CD54 and

B-cell specific activation antigens CD23 (Donati et a/., 2006b). Chronic antigenic

activation of B-cells can lead to cytogenetic abnormalities or aberrations in B-cell

development/trafficking, which explain B-cell hyperactivity or the emergence of B-cell
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.' - .

malignancies like BL in endemic malaria areas (Bohnhorst et GI.,.2001; Shafferez aI.,

2002). Since little is known on how P. falciparum infection modulates Bscell

homeostasis, there is need for studies to elucidate how Bvcell activation and shifts in B-

cell subsets due to chronic P. falciparum infections impact onEBV biology in order to

get a better insight of the immunopathological implications of these changes.

Immunophenotypic studies inP. falciparum malaria patients show evident perturbation in

peripheral blood Bscell homeostasis with increased frequencies of circulating plasma

cells, naive B-cells, and atypical memory Bvcells (Malaspina et aI., 2006; Asito et aI.,
. . .

2008; Weiss et at, 2009) ...Acute clinical malaria infections has been associated with

increased frequency of (CD19+CDl 0+Y Bvcells originally thought to be pre-germinal

centerB-ceU or BL tumOr cells (Asito et al., 2008). However, recent studies have

indicatedthis sub-population maybe immature transitional B-cells. They are smaller in

size and have unmutated immunoglobulin variable regions compared to pre-germinal
. .

center Bvcell that have undergone somatic hyper-mutation (Cuss et al., 2006). These

immature. transitional B-cells (CD95-CD77 -) are phenotypically distinct from pre-

germinal centre B-cells (CD95+CD77+) (Sims et al., 2005; Cuss et al., 2006).

Individuals suffering from P. falciparum infections, autoimmune diseases and

immunodeficiency syndromes exhibit elevation in immature B-cell populations

(Malaspina et ai., 2006). This indicates that infection with P. falciparum modulates B-

cell trafficking and differentiation-inducing B-cells to leave the germinal center at an

earlier differentiation stage (Bohnhorst et al., 2001). Alternatively, P. Jalciparum

antigens can potentiate proliferation of B-cell subsets that are precursors of BL, thus
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explaining the increased risk for BL in children living in malaria holoendemic regions

(Asitoet al., 2008) .. Studies have reportedelevated frequencies of CD23 and CD lOon B-

cells in children from malaria endemic regions, suggesting. that persistent antigenic

activation due to P. falciparum antigens cause activation of c-myc oncogene, leading to

proliferation of turnor cells, hence the elevated expression ofCD10 on B-cells (Shaffer et

al., 2002). However, lack of expression of B-cell activation markers by immature

transitional Bscells suggests that the expansion of immature transitional B-cellsdoes not

result from chronic antigenic orpolyclonal stimulation (Sims etat., 2005). In addition,

cross-sectional studies have shown expansion of atypical memoryB-cellsubsets

(CD19+IgD-CD27-CD21IowPCRL4+) associated with immune hypo-responsiveness have

been reported in malaria endemic regions in adults and children above two years (Weiss

et ..al., 2009). These data suggest that P. falciparum infection interferes with the

elaboration of effective humoral immune responses against several pathogens, thus

necessitating the need for longitudinal studies in infants to. elucidate how differential

exposure to P. falciparum early in life predispose children from malaria endemic regions

to develop BL.

2.3. Epstein Barr virus as an etiological agent of endemic Burkitt's lymphoma

Burkitt's lymphoma is a fast growing B-cell tumor, first described by Dennis Burkitt's in

Uganda in the year 1958 (Burkitt, 1958). Strikingly, this lymphoma showed a close

geographical overlap with malaria, suggesting that malaria was one of the etiological

factors in the emergence of this tumor (Burkitt, 1962). Later, EBV was identified in the

BL cell lines indicating that the virus was also a co-factor in the etiology of this tumor

(Epstein et at., 1964; Epstein et al., 1965). Epstein Barr Virus (EBV) is a ubiquitous
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class-1 carcinogen that infects about 90-96% of the world-population (Young and

Rickinson, 2004), it is a linear double-stranded DNA virus belonging to the family of

Gammaherpesviridae (Babcock et aI., 1998). Based on the genetic variation· within the

EBVnuclear antigen 2 (EBNA2) sequence, EBV is classified into two main strains or
.- . ~

subtypes i.e. EBV types 1and 2 (otherwise known as types A and B) (Yao et al., 1998)._
- - -

Both EBVstrains are equally distributed in Africa while EBVtype 2 strain is less

commonin western countries (Edwards etal., 2004). In addition, compared to the type 2

strain, type 1 easily transforms B-cells into. Iymphoblastiod cells in vitro (Rickinson and

Moss, 1997). Although, there isa possibility of association between EBV subtypes with

different Bscell malignancies, no study has yet been done to authenticate this relationship.

-Epstein-Barr virus is a human lymphotrophic virus with ability to _elicit the proliferation -
. -

and immortalization of infected human B-cells into Iymphoblastoid cell lines both in vivo

and in vitro (Joseph et. aI., 2000a; Rickinson, 2002). EBV primarily infects resting B-

cells and non-dividing epithelial cells (Babcocket al., 1998; Donati et al., 2004). EBV

has also been implicated in the infection of neutrophils, natural killer cells, monocytes

and T cells (Donati et al., 2004) .. ' Globally, the virus infects and persists

asymptomaticallyin more than 90% of the adult population (Bishop et aI., 2000). In

Africa, 80% of the children are EBV seropositive by 3 years (Biggar et al., 1984;

Magrath, 1990; Magrath, 1997). This early age of exposure in Africa is a result of most

mothers premasticating food for their children during weaning and this is also the period

when placentally transferred maternal antibodies are waning (Biggar et at, 1984). In

western societies, EBV infection is delayed until adolescence leading to a self-limiting
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proliferative disease, called infectious mononucleosis ("Kissing disease") (Shannon-

Lowe et aI., 2006).

Epstein Barr Virus infection results from oral secretions (Magrath, 1997); and utilizes the

expression of CD2 L and HLA class II molecules on B-cells -and a complex of EBV viral

glycoprotein's gp350/220,gp85, gp25, gp42 for entry into B lymphocytes (Haan et aI.,

2000). Once inside the cell, the viral genome persists mainly as an episome or as

integrated viral DNA, within the resting, re-circulating IgD-CD27+CD5-CD19+CD23-

CD80- memoryB-cell subset which offers a sanctuary for EBV persistence inhealthy _
. . . '. .' .

hosts (Babcock et aI., 1999; Joseph et aI., 2000a; Babcock et aI., 2001). The infected

memory B-cells - form latent -reservoirs (latency phase) from which -intermittent viral·

reactivation (lytic replication) occurs (Miller, 1990). These studies suggest that

interaction between germinal centers and EBV play critical roles in EBV persistence

(Roughan and - Thorley-Lawson, 2009). However, - recent studies in X-linked

lymphoproliferative disease patients without functional germinal centers demonstrated

that EBV can persist in the non-class switched (IgM+IgD+CD27+) memory Bscells

(Chaganti et aI., 2008), suggesting that EBV persistence and establishment is a complex

process.

2.4.Epstein-Barr virus persistence and establishment

Typically,EBV has four latency programs, all of which play important roles in the

pathogenesis of EBV -associated malignancies (Thorley-Lawson and Allday, 2008; Rowe

et al., 2009). The latency III, also known as growth promoting program, occurs during

primary infection and is critical in EBV persistence and establishment (Roughan and
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Thorley-Lawson, 2009) •. After EBV passes through the salivary tract, it infects the naive

restingB-cells, and the virus switches on all the latent proteins, ie.EBV nuclear antigens

(EBNAs 1-6), Latent membrane proteins (LMP1, LMP2A and LMP2B) and Epstein-Barr

encoded RNAs (EBERs) {Rickinson, 2002; Thorley-Lawson and Allday, 2008). These·

latent proteins drive the naive resting B~cells into an activated lymphoblast (Thorley-
-. .. .

Lawson,2005; Thorley-Lawson and Allday, 2008), that traffic to the follicles where they

initiate germinal center reactionsby switching offthe expression ofEBV EBNA-2 and

growth program and switching on latency 2 (default program) (Thorley-Lawson, 2005).

During the latency 2 program, the virus switches on the expression of latent membrane
. .

proteins 1, 2Aand 2B(LMP1, LMP2A and LMP2B) (Wang et aI., 1990). TheLMP2
. . .

have been implicated in driving somatic hyper-mutation while LMP1dtives class switch

recombination (Rowe and Jones, 2001; Rickinson,2002). In addition, LMP1 provides

pro-survival signals to B-cells by down-regulating the expression of Bcl-6 thus

preventing the cells from undergoing apoptosis (Panagopoulos et aI., 2004). After this,

the cells then exit germinal centers and enter the memory B-cell compartment where

EBV switches on EBV latency zero (0). program, where only EBERs are expressed

(Thorley-Lawson and Allday, 2008). During memory B-cell homeostasis, EBV switches

to latency 1program or EBNA-1.alone program (Sun and Thorley-Lawson,2007). These

memory Bvcells can re-enter the tonsils, where they undergo plasma cell differentiation .

leading to lytic replication and release of EBV virions into saliva or re-infectionof other

B'cellspopularions (Laichalk and Thorley-Lawson, 2005). Interestingly, only EBNAI

alone program is expressed in EBV -positive tumors suggesting that these tumors are

derived from post-germinal center B-cell precursors.
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2.5. The impact ofP. falciparum infection on Epstein-Barr virus viral loads

. '. . .

In Africa, most infants' are infected with EBV by the age of three years (Biggaret 'al.,

1984; Mbulaiteyeet al., 2006} In addition, these regions experience a lot of P.

falciparum infections responsible for immune deregulation resulting in, most, of the'

pediatric morbidity and mortality (Mbonye, 2004; Brent et al., 2006b; Moormann et aI.,

2007). EBV together with these P. falciparum infections has been implicated in the

etiopathogenesis of a pediatric cancer called BL (Rochford et al., 2005; Thorley-Lawson

and Allday, 2008). Despite this fact, onlya few studies have looked at how these co-

infections impact onEBV viral loadsin children; Furthermore, these previous studies

which were cross-sectional by design have mainly focused on how P. falciparum

infections impact on the EBV viral loads (Moormann et al., 2005; Mbulaiteye et al., '
, '

2006), and none has focused on how early exposure to P. falciparum impact on EBV

viral loads in infants over time. '

Children below 5 years bear the brunt of the morbidity that result from co-infections with
. . "

respiratory, intestinal viruses.parasites and bacteria (Brent et al., 2006). These infections

clinically present as malaria, upper respiratory tract infections, vomiting, diarrhea and

malnutrition (Berkley et al., 2005). The major ports of entry for these infections are the

mucosal surfaces (Challacombe and Naglik, 2006). Therefore, early chronic exposure to

these clinical factors, set stage for elevated viral loads by compromising mucosal

immunity and induction of viral re-activation. Of interest. are studies showing that co-

infections with EBV and Human Herpes Virus-8 (HHV -8) leads to increased viral

shedding in saliva and peripheral blood in children (Mbulaiteye et al., 2006). The fact
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that EBV viral loads in children correspond to . inalaria transmission dynamics

(Moormann et aI., 20(5), and these regions also experience differential exposure to other

pathogenic infections (Brent et aI., 2006a), suggest that early exposure to these pathogens

impacton EBVviralloads in infants.

Pre-chewing of food for young children and sharing utensils in Africa not only expose

infants to earlyEBV infections but also increased viral inoculums(Mbulaiteye et al.,

2006). Although EBV infection is mainly asymptomatic, elevated EBV viral loads

similar to those found in immunosuppresed organ transplant patients have been

demonstrated among 1-4 years age group in malaria holoendemic regions .(Moormann et

aI., 2005; Mbulaiteye et al., 2006).· Paradoxically, P. falciparum induced

immunosupressioIi occurs later in .life and do not account for the elevated viral loads

within this age group (Moormann et aI., 2007). Therefore, it is proposed that EBV viral

re-activation due to suppressed mucosal immunity lead to the increased viral shedding in

saliva and peripheral blood in children. This proposal is supported by studies in athletes

indicating that reduced production of IgA leads to EBV reactivation (Gleeson et .al.,

2002; Cox et aI., 2004). In addition,· studies in HIV patients have also shown that·

secretory IgA plays a critical role in neutralizing HIV and its reduced production due to

co-infection leads to elevated viral loads in patients (Cummins et al., 2006). Interestingly,

a recent publication indicates that non-primary EBV infection resulting from previously

infected cells is common in malaria endemic settings (Piriou et aI., 2009). Together, these

data suggest that transient impairment of mucosal immunity due to P. Jalciparum

infection leads to the elevated viral loads seen in children from malaria endemic regions.
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2.6. Interaction of Becellsand EBV in BL pathogenesis

Burkitt's lymphoma (BL) is a high grade Becell neoplasm thought to arise froni immature

germinal center B-cells (Roughan and Thorley-Lawson, 2009), Although, there are

controversies regarding the cell oforigin of BL tumors (Magrath, 1990; Klein et al.,

1995; Gutierrez et al., 1997), recent studies have reaff~ed the notion that interactions

between germinal center B-cellsand EBV are important in B-cell tumuorigenesis

(Roughan and Thorley-Lawson, 2009; RoughanetaL, 2010). Indeed, histopathological

studies.have also shown that at, tumor cells express germinal center markers, CD 19,
. .

CDI0 and CD77 suggesting that they result from arrested maturation of immature

germinal center B-cells(Kuppers, 2003; Bechtel etal., 2005). Molecular analyses ofBl,

tumor cells shows that they undergo somatic hyper-mutation implying that the. tumor

cells are descendent of germinal center precursors (Kuppers, 1999; Scheller et al., 2009).

Germinal center (GC) reactions play important roles in the generation of effective

humoral immune responses and in BecellIymphomagenesis in human populations (Lam

et al., 1997; Scheller et al., 2009). After antigenic stimulation and provision of survival

signals by T helper cells; the GC. B-cells undergo intense proliferation leading to

generation of functional B-cell receptor (BCR) important in the perpetuation of B-cells

through Bvcell signaling (Aloisi and Pujol-Borrell, 2006). Two of the immunological

processes involved in. these steps are somatic hyper-mutation and class-switch

recombination (Rajewsky, 1996); All the B-cells that fail to develop functional BCR

through acquisition of deleterious mutation during somatic hyper-mutation are effectively

removed through apoptosis (Rajewsky, 1996; Kraus et al., 2004). However, recently,
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studies in humans and murine models have shown that EBV, B lymphotropic gamma

herpesvirus with the potency to immortalize infected human B-cells into lymphoblastoid

cell lines both in vivo and in vitro (Rochford et al., 2005; Rowe et al., 2009), can rescue

BCR-deficient immature B..cells from apoptosis (Bechtel et al., 2005; Mancao et al.,

2005; Mancao and Hammerschmidt, 2007). Accordingly studies have shown that EBV

rescues BCR ..deficient germinal center B-cells through expression of EBV viral

oncogenes.Jatent membrane protein 2A (LMP2A) that act as a surrogate BCRreceptor

and latent membrane protein 1 (LMP-l) that mimics CD40 receptor critical inBscell

signaling (Bechtelet al., 2005; Mancao et al,2005; Mancao and Hammerschmidt, 2007).

Moreimportantly, EBV-infected BeR-deficient B-cells have been described in peripheral

blood of pediatric solid organ recipients and elevated EBV··viral loads were also

associated with this subset in patients suffering from post-transplant lymphoproliferative

disease (Schauer et al., 2004). Together these data support the proposition that malignant

B-ceU clones in BL patients are derived from germinal center BeR-negative Bvcells

subsets.

Somatic hyper-mutation and class-switch recombinatiol1 can also potentiate genetic

aberrancies like chromosomal translocation associated with B-cell Iymphomagenesis

(Kuppers, 1999; Scheller et al., 2009). Moreover, mistakes during somatic hyper-

mutation and class-switch recombination potentiate genetic aberrancies like chromosomal

translocation associated with Bscell lymphomagenesis (Kuppers, 1999; Scheller et al.,

2009). One of the hallmarks ofBL is c-myc gene translocation (Refaeli et al., 2008), and

over expression of this gene leads to germinal center-like program in BL cells (Kuppers,
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1999; Scheller et aI., 2009). In addition, elevation of micro-RNA(hsa-miR-127) in BL

tumor cells has been associated with blockage of B-cell differentiation, a criticai step

importantinBl, lymphomagenesis in EBV -positive Burkitt's lymphoma cells {Leucci et
. . . -

al.,2010).Collectively, these data suggestthat BL tumor cells can be derived from BCR-
0" ". ." ".. .

deficient B-cells and blockage of B-cdl differentiation is a key event in this process ..

Furthermore, EBV plays critical roles in emergence of malignant B-cell clones through

induction of geneticaberrancies and provision of survival signals to HeR-deficient B~

cells. Recently, studies have shown that immature B-cells aremore susceptible to EBV

infection as compared to their memory B-cell counterparts (Domer et al., 2008), and

stimulation, of this sub-population by CPG through TLR-9 .leads to constitutive

expression of activation induced deaminase (AID) and Blimp-l genes critical in

potentiating c-myc translocation important in BL lymphomagenesis (Capolunghi et aI.,

2008; Refaeli et aI., 2008). More importantly, during the erythrocytic schizogony, P.

falciparum also expresses a ligand for TLR-9 important in recognition of unmethylated

double-stranded DNA, consequently leading to the expansion of latently infected B-cells

and predisposing individuals to develop lymphomas (Pichyangkuler aI., 2004). Thus, BL

tumor cells result can from apoptotic rescue of BCk-deficient B-cells and their

subsequent transformations into. malignant B-cell clones as a result of B-cell genetic

aberrancies instituted by EBV infection.

Although several immunohistochemical studies have shown that BL tumor cells express

CD19, CD10 and CD77 indicating that these cells result from arrested maturation of

germinal center B-cell precursors (Klein et al., 1995; Refaeli et al., 2008), there are
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suggestionsthat during post -germinal center maturation processes, malignaIit B clones do

not follow the normalBvcell differentiation pathways' in terms of morphogenesis, genetic

profiles and phenotypes {Leucci et al., 2010). Furthermore, EBV infection has also been
" .. ".

shown to down-regulate expression of germinal center markers CDI0, CD38 and CD77

on Bvcells (Mancao and Hammerschmidt, 2007; Schauer et at" 2009). While there is

circumstantial evidence linking elevated EBV viral loads in BL patients with increased

circulation of tumor cells in peripheral circulation (Moormann et al., 2005), no study to

date has investigated the relationship between Bvcell phenotypes and EBV viral loads.

Studies in the peripheral blood of healthy individuals and in solid organ transplant

recipients have shown that EBV infection is restricted to the CD5-(B2) Bvcellsubsets
. :". .

(Josephet aI., 2000b; Schauer et aI., 2004). In addition, elevation inEBV viral loads has

been associated with expansion of BCk-deficient B-cell subsets inpatients suffering

from post-transplant lymphoproliferative disease (Schauer et al., 2004; Schauer. et aI.,

2009). In fact, these cells lack expression of human .leukocyte antigen (HLA)elass I and

II markers, hence EBV residing within this B-cell subset can evade cytotoxic T cell

immunosurveillance (Schauer et al.; 2009). Whereas these studies suggest that there is

disturbed B-cell homeostasis in patients with EB V-associated diseases, there are no data

on BeR-deficient .B-cells in peripheral circulation and whether their frequencies

correlates with EBV viral loads in BL patients. Therefore, gaining insight into the

dynamics of B-cell abnormalities in BL patients would help in elucidating the

pathogenesis ofBL.
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2.7.Epstein-Barr virus serology

The different EBY life-cycle phases, i.e. lytic and latent phases, both induce different

antibodyresponses in peripheral circulation(Thorley-Lawson and Allday, 2008; Rowe et ..

ai., 2009). The latent protein expressed during these phases is EBV nuclear antigen
. '..' ." '.

(EBNA)-l, a latent antigen that is expressed in allEBV-associatedmalignancies and is
. .' ~

the only. latent antigen consistently expressed in BL tumors (Young and Rickinson,

2004). Viral capsid antigen (yeA) and early antigen (EA) are expressed during lytic

phases of replication (Dardari et al., 2008) and elevated antibody titers against VCA and

EA have been used, clinically, :as evidence of past infection (e.g. VCA IgG) or viral

reactivation (e.g. EAd IgG); Normally, synthesis of antibodies against EBNA,··VCA and·.

EA follow EBV infection (de-The, 1977; de-The et al., 1978; Piriou et al., 2009) .. After

primary infection, IgMagainst VCA appear first, followed by IgG and their titers remain

stable overtime with only moderate decline (de-The et (11., 1978). In asymptomatic

healthy EBV carriers, IgG antibodies against both EBNA1 and VCA persist for life

(Miller, 1990; Piriou et al., 2009). The IgG antibodies have been used as serological

markersof past infection while the presenceof IgA againstVCA is indicativeof frequent

viral reactivation ofEBV -latently-infected B-cells (Rowe and Mehl, 2001). Together,

these data indicate the antibody-levels or changes in serological profiles can be used as

serologicalmarkers for early detection or prognosis of the disease.

Seminal studies in Uganda showed that elevated titers of IgG against VCA were a

prognostic risk factor for BLdevelopment (de-The et al., 1978). In addition, BL cases

are also more likely to have elevated antibody titers against VCA and EAd as compared

to controls (Biggar et al., 1984; Carpenter et al., 2008; Mutalima et al., 2008). These
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. . . '. .

data indicate that aberrant EBV replication precedes or accompanies BL development

More recently, detection of antibodies against the EBV immediate early trans~activator·

protein Zta, (also known. as ZEBRA) have been used diagnostically to detect individuals ...

at risk for nasopharyngeal carcinoma (NPC), another EBV -associated malignancy (Chan .

et al., 2003; Dardarier al., 2008). Importantly, it has been shown that patients with

different EBY·linked diseases have distinctive. antibody responses against different

peptide domains (epitopes) of the .Ztaprotein (Tedeschi et al., 1995), the N-tetminus ..

beingmost consistently reactive. Whether elevated levels of antibodies against Zta occur

in children with BL. is unknown; but. there is evidence of increases with agein children

from a malaria endemic region where the risk ofBL is high(Piriou et al., 2009). "In

addition,Xue and colleagues detected Zta transcripts and proteins in BL tumors (Xue et

al., 2002) and patients with tumors that were Zta-positive were more responsive to

treatment (Labrecque et al., 1999). Finally, elevated levels of viral DNA in plasma from

patients withNPC or EBV-positive Hodgkin's lymphoma have been reported (Drouet et
. . .

al., 1999; Besson et al., 2006; Dardari et al., 2008), but whether this is due to viral

reactivation or .lysis of tumor cells and release of viral DNA is unknown. In BL, ..

increased EBV DNA levels have been found in peripheral blood (Moormann et al.,

2005),mainly associating with the mononuclear fraction (Stevens et al., 1999). Whether

this increase actually reflect circulating tumor cells or increased levels of latently infected

B-cellsremains to be proven.

Recently, two case-control studies in Uganda and Malawi have found that children with

BL cases are more likely to have elevated antibody titers against VCAas compared to

controls(Carpenter et al., 2008; Mutalima et al., 2008). These same studies also reported
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elevated IgG antibody titers against P: falciparum schizont extracts in BL patients as

compared to controls (Carpenter et aI., 2008; Mutalirnaet aI., 2008). Interestingly,

elevated IgG antibodies against Zta has been demonstrated in healthy children from

malaria-endemic regions as compared to those from areas. with unstable malaria (Piriou et
.. ," :",' . .,.",.. : .", .

al., 2009), further sustaining the view that endemic malaria is critical in the pathogenesis
.. . "

of BL. Until recently, measurement of'pathogen-specific antibodies was done with

indirect immunofluorescence assays or ELISA .assays. These assays have the

disadvantage of allowing the measurement of only one antibody-antigen complex per

sample,which can otherwise restrict the study of antibodiesto multiple proteins when

sample volumes are limiting. In order to overcome this problem, multiplexed. serology
. .

assayshas recently been developed for thestudy of antibodies to multiple antigens within

the same sample (Earley et aI., 2002; Gu et aI., 2008; Piriou et aI., 2009). This assay can

analyzemore than 100 analytessimultaneouslyfrorn a small sample volume enabling not

only mass screening of several antigens, but also studies in pediatric populations with

limited sample volumes (Earley et al., 2002; Gu et aI., 2008). In addition, this assay is
lesslaborious and has fewer reaction steps compared to the traditional ELISA (Gu et al.,

. .

2008) and the results are highly reproducible (Earley et aI., 2002). Therefore, this assay

can be used to determine levels of antibodies against a broad panel of antigens with the

samesample even when the samples are limited (Piriou et aI., 2009).

2.S.Hematological indices in Burkitt's lympboma patients

The hallmarks of ·high grade B-celllymphoma are heavy tumor burden accompanied by

several complications like hematological abnormalities and organ failures (Olowu et aI.,

2006; Mwanda et aI., 2009). The severity of these complications is closely linked to the
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tumorburden, which is tho ught to be responsible for the high mortality rates reported in

BL patients (Katodritou et al.,2009). However, the mechanisms underlying these

abnormalities are still unclear (Moullet et al., 1998; Teuffel et al., 2008).

Several studies have demonstrated that although lymphoma patients experience a vast
, . . ."

'". '. ~.'

array of hematological abnormalities involving a variety of immune cell. types

(Mittelman, 2003; Otieno et aI., 2006; Kirchhoff and Silvestri, 2008; Dikshit et aI.,

2009), anemia is the most common hematological complication inlyrriphoma patients

and its incidence is closely related to tumor metastasis (Bhattathiri, 2001; Mittelman,
. .

2003;Weiss and Goodnough, 2005; Birgegardet al., 2006). Thus, the severity of anemia

can be used as a prognostic risk factor for the patient's survival (Conlan et aI., 1991;

Bhattathiri, 2001; Weiss and Goodnough, 2005; Katodritou et al., 2009). Interestingly,

recent studies have also demonstrated that elevated plasma EBV viral loads are surrogate

markers of tumor burden in nasopharyngeal carcinoma patients (Shao et al., 2004).

Moreover, high viremia in advanced HIV disease status has been associated with severity

in hematological abnormalities (Kirchhoff and Silvestri, 2008; Dikshit et al., 2009).

Therefore, there is a need to elucidate the association between these two parameters in

BL patients, and its implication in tumor staging especially in sub-Saharan Africa where

access to sophisticated equipments used in tumor staging are limited.

The patho-mechanisms of anemia in pediatric cancer is complex, but the main cause is

thought to be chronic immune activation due to the underlying disease (Means, 2003;

Weiss and Goodnough, 2005; Katodritou et al., 2009), leading to anemia of chronic
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disease (Teuffel et al., 2008; Katodritou et aI:, 2009), The causes of this anemia of

chronic disease are multifactorial and include: nutritional .deficiencies, .autoimmune

hemolysis, bone marrow infiltration and necrosis, blood loss (Bhattathiri, 2001; Baimpa
. .' .

et aI., 2009), increased iron retention in the reticulo-endothelial system, impaired
" ".

erythropoesis, pro-inflammatory cytokine rstorm and cytotoxic drugs prescribed for
. . . . . . .:

:. '.
. ~ .. .

cancer patients (Moullet etal., 1998; Harper and Littlewood.. 2005; Birgegard et al.,

2006;Teuffel etal., 2008). Discrepancy in the incidences and the prognostic influence of
. . . . . . .'

pre-chemotherapy anemia in lymphoma. patients have been reported in developed

countries(Birgegard et al., 2006; Teuffel.et al., 2008). As of now, there is however, little

data on the incidence of anemia in BL patients and its 'prognostic value for patient

outcomes in sub-Saharan Africa. While much is .known on the effects of severe anemia

outcomes in lymphoma patients in adult population mainly from the developed countries

(Birgegard et al., 2006; Teuffel it al., 2008), the relationship between anemia and EBV

viral loads in BL patients remains largelyuncharacterized,
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CHAPTER THREE

3.0.MATERIALS AND METHODS

3.1. Study areas

This study was conducted in the Kenyan lowlands, that is, Chulaimbo Provincial Rural .

Health Training Center (Latitude: 0° 2' 0 North; Longitude: 34° 37' East) (Appendix I)

situated in Kisumu North District, Nyanza province, Kenya. The hospital is located

about 18 Km NorthWest of Kisumu city at altitude of 1300 meters above sea level.

Kanyawegivillage (Latitude: 0° 8' North, Longitude: 34° 36' East) (Appendix I) situated
. . .

in Kisumu.North district, Nyanza province; Kenya. The village is located 12 Km from
. .

Kisumu city at an altitude of 1160 meters above sea level. The·New Nyanza Provincial
. .

GeneralHospital (NPGH) (Latitude: 0° 5' South, Longitude: 34° 43' East) (Appendix I),

is situated within Kisumu city, Nyanza province, Kenya, at an altitude of 1131 meters

above sea level and act as the provincial referral hospital for Nyanza Province. The

climatic condition of these areas is equatorial sub-humid savannah type influenced by

continental rainfall regime of Lake Victoria basin. These areas experience seasonal

rainfall in April-August and November-January with a mean annual precipitation of

1250mrn. Annual mean daily minimum and maximum temperature ranges from 26-

36°C. The health records show that P; Jalciparum is responsible for approximately 97%

of the malarial infections with residents in this area receiving 100-3 00 infective mosquito

bites per annum, with infants bearing the brunt of these infections (Beier et al., 1994).

Currently, malaria intervention measures have not been focused in. these areas, hence,

theyprovide suitable study areas for P. Jalciparum associated studies in infants.
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Thisstudy was also conducted in the Mosoriot hospital sub-district hospital (Latitude: 0°

18'North, Longitude: 35° 10' East) in Nandi North District, Rift Valley Province in the

highlandsof western Kenya. The hospital is located 50 Km North East ofKisumu City at

an elevation of 1887-2100 meters above sea level. This area experiences unstable P.

falciparum transmission and receives rain throughout the year, with heavy rains,

generallybetween late March and early April, often followed by a peak in malaria during

Juneor July{Emstetat., 2006),(AppendixI).

3.2 Study population

This study involved a longitudinal follow-up of 24 infants from Chulaimbo and 21

infantsfrom Mosoriot. Previous studies from these areas suggesttheEBV viral loads and

.BL incidences mirror malaria transmission dynamics (Mwanda et al., 2004; Moormannet

al., 2005). In addition, acute clinical P. falciparum malaria infection has been shown to

impact on B-cellhomeostasis in children from malaria endemic regions (Asitoet al.,

2008). Therefore, this longitudinal study was carried out to elucidate the temporal

changes in EBV viral loads and B-cell phenotypes in infants from areas with divergent

malariaexposure.

In addition, this study involved a case-control study that included enrollment of 34

children presenting with endemic Burkitt's lymphoma at the New Nyanza Provincial

GeneralHospital (NPGH), Kisumu, Kenya, All blood samples were taken from these

patients prior to chemotherapy. In addition, blood samples were also collected from 25

healthyage and gender-matched controls (herein referred to as controls) from Kanyawegi

villagealong the shores of Lake Victoria in Kisumu West District, Nyanza Province. The
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health and physical status of the controls were determined by the study clinicians.

Kanyawegiis arural village that has a high incident rate ofBL and experiences persistent

P.falciparum transmission (Rainey et al., 2007b).

3.2.1.Sample size determination

The primary aim of the current study was to characterize B':'cell homeostasis, -,EB V .

reactivation and hematological parameters in children from areas with divergent P.
", '". .

falciparum exposure and in BL patients. Previous observations in western Kenya have

demonstrated a prevalence of 0.035% (Mwanda et at., 2004). As such,the selection of a.

frequency difference of 0.035 as the smallest difference to distinguish from chance
. .'. .' .

variation within the population was adopted. Since variation within a minimum of 10 ..

.differentparameters in the endemic population was examined, corrections for multiple.

comparisons using previously described procedure to minimize the risk of Type land

Type II errors was carried out (Dupont and Plummer, 1990). The Bonferroni correction

for 10 different parameters required a per-comparison alpha of 0.005 for sample size

calculations. However, given the increased power provided by this procedure (Dupont

and Plummer, 1990) that was used in the current analyses to correct for multiple

comparisons, the estimated sample sizes was based on an u:::;O.Ol to provide a balance

between Type I and Type II errors. Based on this rationale, the conservative estimate to

achieve 80% power with a Type lerror rate of u:::;O.Ol was 20 individuals from each

studysite.
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3.3Ethical considerations

- --

An approval for this _study was obtained -from the Kenya Medical Research Institute

(KEMRI) Ethical Review Committee and Ethical Review Board of State University of

NewYork(SUNY) Upstate Medical University hospital, USA. Written informed consent
. . ." .

(Appendix II) was obtained from parents or guardians of study participants. Blood

collection through venipuncture or finger prick was carried out only by trained and

qualified phlebotomist. In addition, sterile disposable lancets were used and all sharps -

were stored in the appropriate bioha:z;ard sharps' containers before disposal. The
- - -

participation in the study was voluntary, the participants were free to withdraw at any

time during-the study, _and access tohealth care was not dependent on participation. All

the samples collected were coded for identification and only the investigator and the

supervisorshad control access to the data.

3.4.Methods of data collection

3.4.1.Blood collection and processing

Finger prick blood was collected in Ethylenediamine-tetra acetic acid (EDTA) tubes and

measurements of hemoglobin levels were determined using a portable B-hemoglobin

photometer (Hemocue AB Angelholm, Sweden). -In addition, 2-5 ml of venous blood was

collected from all the study participants into heparinised vacutainer tubes (BD vacutainer

systems, Plymouth, UK). Collected blood samples were transported to SUNY Upstate

University/KEMRI laboratory at Kenya Medical Research Institute, Center for Global

HealthResearch in Kisumu, where all the laboratory analysis was carried out.
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3.4.2.Microscopic investigation of P. Jalciparum parasites

Parasitemiawas determined at time of blood collection by performing a thick smear and

staining with 5% Giemsa solution to quantify parasites. The slides wereexaminedby

two microscopists; any discrepancies iri the slide reading were resolved by a. third .:
. .

microscopist. Parasite density was expressed as the number of asexual P. falciparum per

JiL of blood assuming a leukocyte count of 8000 per ia. Individuals with detectable

parasitesin the smear were treat~d with co-artem for uncomplicated malaria,

. .

3.4.3. Diagnosis of Endemic Burkitt's lymphoma and Human Immunodeficiency

virus (HIV) patients

Endemic Burkitt's lymphoma diagnosis was based on histological assessment of fine

needle aspirate (FNA) stained with May-Grunewald Giemsa (Ogawa et al., 2008).

Assessment was done by both the clinical cytologist and pathologist at NPGH. One

patient was diagnosed with acute leukemia and was excluded from further analysis.

Routine HIV testing was done on all patients admitted .to NPGH after counseling by.

qualified Ministry of Health staff. HIV infection was determined in venipuncture blood

using two rapid serological assays: Unigold (Trinity Biotech, Bray, County Wicklow,

Ireland) and Determine (Abbott Laboratories; Chicago.Tllinois, USA). One BL patient

wasHIV+ and was thus excluded from further analysis.

3.4.4. Peripheral Blood Mononuclear Cells (PBMCs) isolation

•
Ficoll-hypaque density gradient centrifugation was used to isolate peripheral blood

mononuclear cells (PBMCs). Whole blood collected in heparinzed tubes were carefully

layeredon 5ml of Ficoll-hypaque in sterile 15ml tubes under sterile conditions in laminar
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flow hood. After tightening the caps, the 15ml tubes were Spun at 1500 rpm for 30

minutes (Sorvall RT6000D, .Thermof'ischer Scientific, MA, USA) to allow separation of

whole blood into various constituent parts (plasma on top, PBMC in the middle and

erythrocytes at the bottom of the tube). The plasma was sucked with sterile 5ml pipette
. :' . . . . . .. .

tubes and aliquoted into sterile Sarsdedt (Sarsdedt'", Newton, Germany) tubes followed

by freezing at-80°C for later use in serological and EBV viral load quantification assays.

ThePBMC (buffy coatjlayer was then carefullytransferred into a new sterile 15ml tube

then topped with sterile lxPBS'(pH 7.0) to bring the total volume to 12m! and mixed

thoroughly, followed by another spinning at 100d rpm for 15 minutes (Sorvall RT6000D, .

ThennoFischer Scientific, ,MA, USA).' The -supernatant was carefully aspirated off

without sucking the pellet. The pellet was further broken by gently tapping on the tube

with the knuckles. The cells were then re-suspended in 12ml of sterile 1x PBS (PH 7.0)

and again centrifuged for 10' minutes at 1000rpm (Sorvall RT6000D, ThermoFischer

Scientific, MA, USA) for 10 minutes. The supernatant was carefully aspirated followed

by gently breaking the pellet by tapping with the knuckles beforefinally re-suspending in

1ml of culture media (RPMI 1640; GIBCO, Invitrogen, Paisley, Scotland, UK)

supplemented with L-glutamine, human serum type AB, HEPES and gentamycin (cRPMI

1640). The cell viability of the re-suspended PBMC was performed by mixing the re-

suspended PBMC with Turk's solution in 1:1 ratio followed by dispensing l Oul. of the

mixture into a haemocytometer for PMBC enumeration using a light microscope ..

3.4.5.Preparation of blood and flow cytometric analysis

After PBMCs isolation and cell viability test, immunoflourescence labeling was done as

previously reported (Asito et .al., 2008). The cell surface staining was done using the
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following antibodies (BD Pharmigen, San Diego, CA, USA) to lymphocyte surface

receptorsCD3-FITC, CD8-FITC, IgD-FiTC, IgD-PE, CD38-FITC, CD19-PE,CD4-PE,

CD38-PE,CD-lOPE, CD23-PE, CD4S';APC, CD3-APC,CD19-APC, PerCP-CyS.S-IgM, .

PE-FcRL4, APC-eFluorTM780-CD27, FITC-IgD, APC-CD21, AlexaFluor700~CD19

and4',6-cliamidino-2-phenylindole (DAPI ) stain. Isotypic controls were IgG2a, K-FITC

(mouse); Ig(}j, K-PE (mouse) and IgG1, K-APC (mouse) for Chulaimbo and Mosoriot

samples;The BLand controls were labeled withCD4S~APC, CD19-PerCP, CD3-APC,

CD8-PE,CD4-FITC,CD3,.FITC, CD27-F1TC, CDlO-PE, CDS.,APC, Kappa (K)-FITC,

Lambda(A)-PE, CDlO-APC, CD77-FITCand IgD-PE.Isotypic controls were IgG2a, K-

FITC(mouse), IgGl, K-PE (mouse), IgG1, K-PerCP (mouse) and IgGl, K-APC (mouse) ..

Datawas collected using aF ACsCalibur or LSRIlflow cytometer (Becton Dickinson

Immunocytometry Systems, San lose, USA) andanalysed using Flowlosoftware (Tree

Star Inc. San Carlos, CA, USA).

3.4.6. Evaluation of levels of serum free Kappa (K) and Lambda (A) chains using

Human Immunoglobulin Free Light Chains K and A ELISA

The serum free K or A light chains assays were analysed using Human Immunoglobulin

FreeLight Chains Kand A ELISA kit (BioVendor Laboratomi Medicina, Modrice, Czech

Republic) according to the manufacturers' protocol. Briefly, the standards, quality

controls and samples were added to plates coated with either K or A antibodies and

incubated for one hour at room temperature (27°C) on an orbital microplate shaker

(Molecular devices, CA, USA) shaking at 300rpm. The plates were then washed thrice

and biotin-labelled ..antibody added followed by incubation for one hoUr on an orbital

microplate shaker (again, shaking at 300 rpm). After this incubation, the plates were
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washedvthrice and streptavidin-HRP conjugate solution added prior toone hour

incubationon an orbital microplate shaker (Molecular devices, CA, USA) (shaking at300

rpm). The plates were washed thrice; substrate solution added, then covered with

aluminiumfoil and incubated for 15 minutes at room temperature: The reaction was then
. .,:, . . . .

." ". ." ". .

stopped by adding a stop solution before the plates were read on an automated Vmax
. . .

Kinetic microplate reade~ (Molecular devices,. CA, USA) at 405nmusin.g Molecular

DevicesSoftrhax·· Pro-software version 4.7.15 (Molecular devices, CA,' USA).

Immunoglobulin concentrations were determined by extrapolation from the standard

curves.

3.4.7.Quantification of EBV viral load using Quantitative Polymerase Chain

Reaction assay with a fluorogenic probe

DNAwas extracted fr~m 200llL plasma or PBMCs using Qiagen DNAeasy kit (Qiagen,

Valencia, CA) according to the manufacturer's protocol. The DNA was then eluted off

the column in an equivalent volume of water and stored at ~20°C.. Primers and probes to

detect a 70 bp region of theEBV BALF5 gene were used as previously described

(Kimuraet al., 1999; Moormann et al., 2005). Based on this procedure, the PCRprimers

for this assay were selected in the BALF5 gene encoding the viral DNA polymerase. The

upstream and downstream primer sequence were 5'-CGGAAGCCCTCTGGACTTC-3'

and 5'- CCCTGTTTATCCGATGGAATG-3', respectively. A fluorogenic probe (5'-

TGTACACGCACGAGAAATGCGCC-3') with a sequence located between the PCR

primerswas synthesized by PE Applied Biosystems (Foster City, CA). The PCR reaction

wasperformed using the TaqMan PCR kit (PE Applied Biosystems). Briefly, either 250

ng of DNA from PBMC or the extraction solution from 50 III of plasma was added to a
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PCR mixture containing' 10 mM Tris (PH 8.3),50 mM xct, 10 mM BDTA, 5 mM

MgCh, 100 J.lMdATP, dCTP, dGTP, and dTTP, 0.2 J.lMeach primer, 0.1 uMfluorogenic

probe,and 1.25 U ofAmpliTaq Gold (PE Applied Biosystems). Following an activation ,

of the AmpliTaq Gold for 10 minutes at 95°C, 15 to 50 cycles of 15 seconds at 95°C. The
.- " . ,',

quantitative (Q)-PCR cycle conditions was as follow~: 2 minutes at 50°C, 10 minutes at '
, ,

95°C,42 cycles of 15 seconds at 95°C and 1minute at 60°C using thermal cycler model

ICycler™opticaL module (BioRad Laboratories.Hercules, CA). To generatestandard

curve, this study used an EBV-positive plasmid' generated from thePCR product. The
- , -

viral loads were normalized to ,the p-actin copy number, log, transformed and then

calculatedbased on copies of EBV genome/ml.

3.4.8.P. falciparumtuui EBV antigens used in running Luminex assay

P. falctparum-soeciisc total IgG was detected using five of reconibinant P. falciparum

antigens, merozoite surface protein [MSP-1(3D7), MSP-! (FVO)], apical membrane

antigen [AMA~l (3D7), AMA-1 (FVO)] and liver stage antigen (LSA-I) and EBV-. .

specific total IgG was determined using four synthetic peptides representing immuno-

dominant epitopes of the Viral Capsid Antigen (VeA), EBV nuclear antigen 1 (EBNA-

1), diffuse early antigen complex (EAd) and immediate early protein (Zta) antigens of

EBV.· The definition and serological use of these EBV peptide reagents has .been

described before (Fachiroh et aI., 2006; Gu et aI., 2008). Early studies defined that the

predominant response to Zta in BL patients was directed against the N-terminal domain,

spanning amino acids 1-44 (Fachiroh et aI., 2006). Therefore, this domain was used as

syntheticZta antigen throughout this study.
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3.4.9. Luminex assay to determine the levels of specific total IgG against P.

Jalciparum and EBV -antigens

Inorderto detect P. Jalciparum and EBV-specific total IgG against a panel of peptides, a

previouslydescribed protocol was used (Piriou et al., 2009). Briefly, different amounts

ofpeptidesor proteins were coupled with 1x 106 pre-activated carboxylated microspheres

(Luminex,Austin TE, USA) in 500 ilL of 100 mM MES pH 6.0 buffer (peptides) or 50

mMMES pH 5.0 buffer (proteins). The beads were then washed and stored in lxPBS,

0.1% BSA, 0.002% Tween-20, 0.05% Sodium Azide, pH 7.4 and stored at 4°C until use.

Theamounts of peptides used per 500 ul. coupling reaction were 20 ug for VCA, EBNA-

I and Zta, whereas 50 ug was used for EAd. The amounts of recombinant malaria

proteinsper 500 ul. reaction were 10 ug for the AMA-l and MSP-l antigens, and 20 ug

forLSA-I. Antigen-specific totalIgG was measured by incubating 1,000 beads of each

antigenper well with plasma diluted at 1:6400 in a final volume of 100 ilL. After

washing,a 1:200 dilution of PE-conjugated Goat F (ab) 2 Anti Human IgG (Biosource,

Camarillo,A) was added. At least 75 beads of each antigen were then acquired on a

Bioplexreader (Bio Rad, Hercules, CA). Sera from North Americans who had no prior

exposureto P. Jalciparum were used as negative controls while pooled plasma from

individualswho were constantly positive for P. Jalciparum antibodies from Kanyawegi

villagewere used as positive controls for P. Jalciparum antigens (Piriou et al., 2009). In

addition,EBV-seronegative and sero-positive controls were used in each plate. The

resultsof the assay were expressed in Mean Fluorescent Intensity (MFI) of at least 75

beadsfor each P.Jalciparum and EBV antigen tested.
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3.4.10.Antibody Enzyme Linked Immunosorbent Assay (ELISA)

Totalimmunoglobulin (Igjandimmunoglobulin G (IgG) was measured usinga standard

captureand detection sandwich ELISA. Briefly, the ELISA plates (Nun-Immune" plate;

Nunc International, Denmark) were coated overnight at 4°C with 1ug/ml of either .
. " " . ~ . .

primary goat anti-human IgM, IgGandIgA monoclonal antibodies for total Ig or goat

anti-human IgG. monoclonal antibodies for IgG diluted in coupling buffer. The plates

were then washed twice with wash buffer (.1xPBS+ Tween-20)(PH 7,0), followed by .

blocking with blocking buffer (lxPBS+BSA+Tween-20) (PH 7.0) for 4 hours at room
. . '. . - .. . ' ... '

temperature in humidified chamber. After this, the plates were washed six times with
. .

. . . . . . - .

wash buffer, and then. serial dilutions of the standards and samples prepared in diluent .:

buffer (lxPBS+BSA+Tween;..20) (pH 7.0) were added into appropriate wells before

incubating at 4°C overnight. Following this incubation the plates were washed six times

before adding secondary alkaline phosphatase conjugated goat anti-human IgG, IgM and

IgA monoclonal antibodies for total Ig or IgG for IgG ...specific antibodies. The plates

were incubated in humidified chamber at room temperature (27°C) for two hours before

washing eight times with washing buffer prior to addition of a solution of lmg/ml of p- .

nitrophenyl phosphate in a substrate buffer. . The plates were then developed in the dark

before the reaction was stopped by adding a stop solution (0.3N· sodium hydroxide

[NaOH]) before the plates were read on an automated V rnax Kinetic micro plate reader

(Molecular devices, CA, USA) at 405nm using Molecular Devices Softmax Pro-software

version 4.7.15 (Molecular devices, CA, USA). Immunoglobulin concentrations were

determined by extrapolation from the standard curves.
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3.5. Statistical analysis
. . . .

GrapbPadPrism version 5 (GraphPad Software, Inc, La Jolla, CA) was used for all the

dataanalysis. Differences in proportions between the groups were determined by Fisher

exacttest. Differences in continuous variables between the two groups were compared

by unpaired or paired t-test for parametric data or Mann- Whitney U. test for non-

parametric data. The differences in continuous variables for longitudinal data for the

threetime points were evaluated using repeated measures analysis of variance followed
. . .

withBonferroni post-test analysis. Kruskal- Wallis test was used to compare continuous

variablesamong three or more groups. Correlations between two variables were done by .

either Pearson's. or Spearman's correlations. Multiple logistic regression analysis

controlling for the confounding. effects of age and gender was used to determine the

associationbetween anemia and EBV viral loads. Associations between age and disease

and clinical variables were tested using a 2-way Analysis of variance (ANOV A).

Survivalcurves were generated by Kaplan-Meier method and a univariate analysis using

log-rank (Mantel-Cox) test was used to compare the differences in survival times. A

p~:05 was considered statistically significant.
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CHAPTER,FOUR

4.0. RESULTS

4J. General charactertstics of the study population of infants from western Kenya

The demographic, parasitological and hematological characteristics of. the study

participantsare summarized in Table 1. There were significant age related differences in

the frequencies of'paresitemic infants in both. cohorts {all, p<O.OOOI), with higher

frequenciesobserved at 12 months relative 18 and 24 months in both cohorts (p<O.05 for

all groups; corrected for multiple comparisons). The mean axillary temperatures (C)
. '

were not significantly different between the two cohorts at 12 (p=O.1762) and 18

(p=0.2525) months, except at 24 months (p=O.0097), in which case it was higher in

'Mosoriot. In addition, no age related change in temperature was observed in both

Chulaimbo (p=O.1375) and Mosoriot(p=0.4428). The hemoglobin levels were

comparablebetween the two cohorts at 12 (p=O.3441), 18 (p=0.4375) and 24 months

(p=O.5511). Likewise, no age related change in hemoglobin levels was observed in

Chulaimbo,(p=OAllO) and Mosoriot (p=O.l316) cohorts. Relative to Chulaimbo,

Mosoriotinfants had significantly lower red blood cell counts at 12 months (p=O.0273),

while at 18 (p=OA177). and 24 months (p=0.4936) they were comparable. Multiple

comparisontests revealed significant age related difference in Chulaimbo (p=O.OI91) and .

Mosoriot(p=O.OOI9) with significantly higher RBC counts at 12 months relative to 24

monthsin Chulaimbo, while in Mosoriot they were significantly higher at 18 months

relativeto 12 and 24 months (p<O.05 for all groups, corrected for multiple comparisons).

Evaluationof leukocyte counts in the two cohorts revealed no significant differences in

whiteblood cell counts at 12 (p=O.1588), 18 (p=O.5637) and 24 months (p=0.4792),
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lymphocyte cduntsat 12 (p=O.3851), 18 (p=O.9098) 'and 24 months (p=O.7365),

monocyte counts at 12 (p=0.4322), 18 (p=O.9285) and 24 months (p;=O.8324), and

granulocyte counts at 12 (p=O.1529), 18 (p=O.2492) and 24 months (p=O.3301). In

addition,there were no age related changes observed in leukocyte counts in both cohorts.
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10.94(0.24) 10.97(1.40) 11.37(0.28)
4.91(0.06). 4>86(0.11) ··4.64(0;08)

OA110a
0~0191a

11.35(1.28) 11.26(1.46) 11.95(0.28)
4.76(0.07) 4.98(0.06) 4.78(0.07)

0.1316a
0.0019 a

Table 1. Demographic, parasitological and hematological characteristics of the study population

Parameters
Chulaimbo Mosoriot

12 months 18 months 24 months p-value 12 months 18 months 24 months p-value
Number of
participants
P.falciparum +(n[%])13 (54) 5(21) 8 (33) <0.0001 b 8 (38) 5 (24) 3 (14)
Tempereiure.X' . 36.55(0.8) 36.51(0.48) 36.27(0:12) 0.1375a 36.64(0.34) 36.58(0.40) 36.74(0.10)

.Erythroeyte indices
Hbconc (g/dl) .

.RBCs (x 106/f.ll)
'. Leukocyte counts

. WBCs (x103/J.lI) 12.13(0.73) 11.35(0.92)11.17(0.67) 0.7058a 10.01(0.50) 10.11(0.48) 9.81(0.57)
LY(x103/f.l1) 7.76(0.56) 6:80(0;67) 6.37(0.45) 0.2180a 6.67(0.37) 6.29(0,30) 5.81(0.39)
MO (x103/f.l1) 0.79(0.32) 0.70(0.04) 0.86(0.09) 0.5186a 0.78(0.04)·0.67(0.05) 0.71(0.06)
Gr(x103/J.lI) 3.56(0.31) 3.86(0.34) 3~92(0.31) 0.4551a 2.55(0.21) 3.12(0.24) 3.29(0.24)

24 24 24 21 21 21

<O.OOOlb
0.4428a

. Data presented as mean (± SD) unless otherwise stated.

O.8542a
0.2783a
0.4924a

0.1962ao

"Analysis of the continuous variables over the three time points was determined by Repeated Measures ANOVA with Bonferroni

correction for multiple comparisons.

bThe differences in proportions over the three-time points was determined using Fischer exact test.

Abbreviations; Hb cone, hemoglobin concentration.. RBCs, red blood cells; WBCs, white blood cells; LY, lymphocytes; MO,

monocytes; Gr, granulocytes. Statistically significantp :S0.05 are in bold.
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4.2. Comparison of lymphocyte subset frequencies in infants from Chulaimbo

versus Mosoriot

Althoughstudies have shown that children from malaria endemic regions have impaired

humoralimmune response to several pathogens (Scott et al., 200S; Chelimo et al., 2005):

Thecellular basis of this impaired humoral response is not well understood. Furthermore,

the impact of early exposure to. divergent P. falciparum infection on Bscell homeostasis

in infants is still poorly understood. To address this question, freshly isolated PBMCs

frominfants residing in areas with divergent malaria transmission dynamics were stained

withanti~CD4S, -CD3 and -CDI9 mAB to identify T and B-cell subsets and analyzed by

multicolor flow cytometry. As shown in Figure 1 (panel A, B, C), the proportions of

CD19+ B-cells were significantly higher in Chulaimborelative to Mosoriot at 12,18 and

24 months (p=0.002,p=0.OS and p=O.OS, respectively). Consistent with previous reports

(Osugi et al., 1995; Kassu et al., 2001) there were no age related differences in

proportions of total CD19+ B-cells in Chulaimbo and Mosoriot (p=0.4233, p=0.8372,

respectively). While analysis of T cell subsets revealed significaritly higher frequencies

in Mosoriot relative to Chulaimbo at 12 months (p=0.001), their proportions were

comparable at 18 (p=0.467) and 24 months (p=0.343). Similar to the B-cells, there were

noage related changes in the proportions of T cell subsets in Chulaimbo (p=0.0768) and

Mosoriot (P=0.999S). Correlation to determine developmental relationship between B

and T cells in infants showed a significant negative correlations between B and T cells at

l2 (r=-0.6885, p<O.OOOI), 18 (r=-0.7S70, p<O.OOOI) and 24 months (r=-0.6677,

p<O.OOOI)in Chulaimbo and at 12 (r=-0.7833, p<O.OOOI), 18 (r=-0.43S1, p=0.0144) and
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24 months (r=-0.4878,p<O.000l) at Mosoriot,suggestingthat there is a strong negative,

developmentaltelationship between B and T cells in both the study sites.
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Figure 1 (A, B, C). Comparison of lymphocyte subsets frequencies in infants from

Chulaimbo versus Mosoriot.

Thesurface expression ofT cell (CD3) and B-cell (CD19) markers was determined using

multicolor flow cytometry in Chulaimbo (n=24) and Mosoriot (n=21) infants. Shown are
. . .

the expressions of CD3 T cells and CD19 B-cells gated on CD45 lymphocytes at (panel

A) 12months, (panel B) 18 months and (panel C) 24 months in infants from both cohorts.

Thep-values between the two cohorts were determined using unpaired r-test while age

related changes in the frequency of lymphocyte subsets within the same cohort was

determined using repeated measures analysis of variance with Bonferroni post-hoc

analysis.The asterisk (*) denotes significant p-values :s0.05.
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4.3. Comparison. of total immunoglobulin (Ig) andlgG levels in infants from

Chulaimbo versus Mosoriot

There is a plethora of reports suggesting that children born in malaria endemic regions

haveimpairedhumoral immune response' against several pathogens and this persist for a

year (Brair et al., 1994; Scott et al., 200,5; Kinyanjui et al., 2007). However, most of.
. - . . . ~." . . .

these studies have been. done at the coast province of Kenya. Therefore, to determine if
. . .

thiswas the scenario in infants from Chulaimbo and Mosoriot regions of western Kenya, .

the levels of total Ig and IgG in infants from areas experiencing divergent malaria

exposurewere determined in this study. As illustrated in Figure 2 (panel A), the levels of

total Ig were significantly higher in Mosoriot cohort at 12 and 24 months (p<Q.OOOl,

p=O.OOlO, respectively) relative to Chulaimbo cohort except at 18 months where it was
. .

higher in Chulaimbo (p=0.0006). Significant age related differences in the level of total

Ig was observed in both Chulaimboand Mosoriot (all cases, p<O.OOOI), with post-hoc

analysis revealing significantly higher levels at 18 months as compared to 12 and' 24

months in Chulaimbo (p<0.05for all groups, corrected for multiple comparisons) but no

differences were observed between 12 and 24 months. However, in Mosoriot, the level

was significantly higher at 24 months compared to 18 months (p<0.05 for all groups,

corrected for multiple comparisons), while no differences were observed between

children aged 12 months relative to those at 18 or 24 months. Further analysis revealed

that the level of total IgG was significantly higher in Mosoriot relative to Chulaimbo at

12 months (p<0.0001), while there were no differences at 18 (p=0.3434) and 24

(p=0.1143) months. Multiple comparison test revealed significant age related differences

inboth cohorts (alI,p<O.OOOl) with lower levels observed at 12 months relative to 18 and
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24 months (p<O.05 for all groups, corrected for lTIultiple comparisons) in Chulaimbo.

However,in Mosoriot the levels were significantly higher at 12 months relative to 18 and

24months (p<O.05 for all groups, corrected for multiple comparisons), while at 18 and 24

monthsthe levels were comparable (shown in Figure 21 panel B). Taken together, these

datademonstrate that infants from malaria endemic regions have impaired B-cell immune

responseat 12 months relative to infants from areas with sporadic malaria transmission ..
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Figure 2 (A, B). Comparison ofimmunoglobulin levels in' infants from Chulaimbo '

versus Mosoriot.

. .. ..

Plasmawas obtained from healthy infants from Chulaimbo (n=24) and Mosoriot (n=21) '.

andthe levels of total immunoglobin (Ig) and IgG were determined by ELISA. Panel (A)

showthe levels of total immunoglobulin (Ig). and panel (B) show the level of total IgG.

Dataare presented as means ± standard deviations. Statistical significance in continuous

variables between the two cohorts was determined using unpaired r-tests while age

related changes within the cohorts was carried out using repeated measure analysis of

variancewith Bonferroni post-hoc analysis. The asterisk (*) denotes significant p-values

:S0.05.
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4.4. Comparison of T cell subset frequencies in infants from Chulaimbo versus

Mosoriot

Tofurther explore if the lower levels of both total Ig and IgG inChulaimbo infants at 12

monthswere due to lack of CD4 T cell signals critical in antibody synthesis and class-

switching (Fleisher and Bleesing, 2000), this study further examined the impact of .

divergentP. falciparum exposure on T cell subsets based on staining with anti-CD3,

-CD4 and -CDS mAB.As shown in Figure 3 (panel A), the frequencies of cn4 T cells

weresignificantly higher in Mosoriot relative to Chulaimbo at 12 months (p=0.0294) but

comparableat 18 (p=0.7796) and 24 months (p=0.7786) .. As previously reported (Osugi

et al., 1995), there. were no age related differences in Chulairribo (p=0.1872) and

Mosoriot (p=O.1315). For CD8 T cells, there were no significant difference at 12

(p=O.l201), 18 (p=0.3605) or 24 months (p=0.5653) between the cohorts. Likewise,

therewere no age related differences in Chulaimbo (p=0.1684) and Mosoriot (p=0.2144).

Furtheranalysis revealed that the CD4/CD8 ratio was significantly higher in Mosoriot at

12 months (p=0.041) relative to Chulaimbo while the ratios were comparable at 18

(p=O.7405)and 24 months (p=0.2103) (Figure 3, panel B). Taken together, these results

demonstrate that the proportions of CD4 T...cells critical in provision of signals that drive

antibody synthesis and class switching are depleted in children from malaria endemic

regionsat 12 months.
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Figure J (A, B). Comparison ofT cell subset frequencies in infants from Chulaimbo

versus Mosoriot.

Thepercentages of CD4 and CD8 T cell subsets in infants from Chulaimbo (n=24) and

Mosoriot (n=21) were determined by flow cytometry with phenotypic analysis based on'

gatingon CDJ T'cells. The percentage of T cell subsets in different age groups within
. .

thetwo cohorts is shown for (panel A) CD4 T cells and (panel B) CD8 T cells. Unpaired

r-test was used to compare continuous variables between groups while repeated measures

analysisof variance with Bonferroni post-hoc analysis were used to compare age related

changeswithin groups. The asterisk (*) denotes significant p-values ::;0.05.
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4.5.Comparison of peripheral Bvcell homeostasis in infants from Chulaimbo versus.

Mosoriot

To better understand the differences in B-cell subset distribution in the peripheral

circulationof infants from the two areas with divergent P. falciparum exposure, the

B-cellswere stained with anti-IgD, -CD27, -CD38, -CD21, -FcRL4and -CD23 mAB to

subdivideB-cell populations into distinct B-cell subsets (Asito et a!., 2008; Weiss et ai.,

2009). As shown in Table 2, the proportions of immature transitional Bvcells were ....

significantly higherirt Chulaimbo relative to Mosoriotcohorts at 12 and 24 months
- - -

. .

(p=0.0196and p=0.0149, respectively), but comparable at 18 months (p=0.241O).

However, no age related- differences were observed in Chulaimbo(p=0.5979) and

Mosoriot (p=0.5830). The frequency of CD38+CD23- B-cells, a heterogeneous subset.
. . . , .

that contain both pre-germinal center and transitional B-cells (Chang et a!., 2008), were

significantly higher inChulaimbo (n=24) relative to Mosoriot (n=21) at 12 and 18·

months(p=O.Ob05 and p=0.0029, respectively), while they were comparable at 24 months

(p=0.0924).Inaddition, .multiple comparison test revealed a significant age related

decline in the frequency of this subset in both Chulaimbo (p=0.0002) and -Mosoriot

(p=0.0477) with post-hoc analysis showing higher percentages at 12 months. relative to

18 and 24 months (p<0.05 for all groups; corrected for multiple comparisons) and

comparable percentages between 18 and 24 months in both cohorts. Although there were

no significant difference in the percentages of classical naive (IgD+CD27-) B-cells

between Chulaimbo and Mosoriot cohorts at 12,18 and 24 months (p=0.8493,p=O.7640

and p=O.6691, respectively), there was age related decline in the percentages of this

subset in both Chulaimbo and Mosoriot cohorts (all, p<O.OOOI) cohorts, with the
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, '

frequenciesbeing significantly higher at 12 months relative to 18 and 24 months (p<0.05 .

forall groups, corrected for multiple comparisons). These findings were consistent with

a previous study describing the loss of IgDexpression following antigen driven B-cell
, , '

." . .

activationand differentiation (Ni et aI., 2003). ' In contrast to immature naive B-cells,the

percentageofCD38+CD23+ (mature naive) Bvcells were significantly higher in Mosoriot
.. '". . . . . .' . .-

relative toChulaimbo at 12 and 18 months ([J<0.0001, p=0.0003, respectively) and'

comparable at 24 months (p=0.0924). While there was significant age related change in
. . . .

Chulaimbo (p=0~0054) with post-hoc analysis revealing significantly higher percentages

at 24 months relative to 12 and 18 months (p<0.05 for all groups, corrected for multiple
" '

comparisons), no' age related differences were observed in, Mosoriot (p=0.4500).,'

Likewise, the percentage of another mature naive B-cell subset (IgD+CD1 O-) was

significantly higher in Mosoriot relative to Chulaimbo at 12 (p=0.0340), ·18 (p=0.0316)

and 24 months ,(p=0.05). Multiple. comparison test revealed significant age related

differences. in both Chulaimbo (p=O.0017) and Mosoriot (p=0.0027) with post-hoc

analysis showing elevated percentages at 12 moths relative to 18 and 24 months (p<O.05

forall groups, corrected for multiple comparisons).

Giventhat the cellular basis of the impaired humoral immune responses in children from'

malaria endemic settings is still not clearly understood (Brair et aI., '1994; Scottet aI.,

2005), the distribution of different B-cell subsets based on staining with anti-CD 19,

-IgD,-CD27,-CD21and -FcLR4 mABs were characterized. As shown in Table 2, results

reveal that the frequency of non-class switched memory (CD19+IgD+CD27+) B-cells

important in bacterial or viral defense (Jacobsen et al., 2008; Weller et al., 2008), were
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significantly higher m Mosoriot relative to Chulaimbo at 12, 18 and 24 months

(p=O.0214,p=O.0024 and p=0.0071, respectively). In addition, there was a significant age

relatedincrease in the proportion of this subset in both cohorts (all,p<O.OOOI) with post-

hocanalysis revealing lower percentages at 12 months as comparedto 18 and 24 months

inboth cohorts (p<0.05 for all groups, corrected for multiplecomparisons). Conversely,

percentagesof IgD-CD27+ classical memory B-cells were significantly higher in children

fromChulaimbo as compared to Mosoriotat 12 mOIiths(p=0.049) while at 18 (p=0.9168)

and 24 (p=O.7463) months, they were comparable. Multiple comparison test revealed

significant age related changes in both cohorts (all, p<O.OOOl), with post-hoc analysis

revealingsignificantly higher proportions at 18 months as compared to 12.and 24 months

(p<O.05 for all groups, corrected for multiple comparison~). The percentages of early

class-switched memory B-cells that have not acquired the expression of CD27 (CD38-

CD23~B-cells) (Chang et ai., 2008) were significantly higher in Chulaimbo as compared

toMosoriot at 12 months (p=0.0004) but comparable at 18 and 24 months (p=O;9286 and

p=0.5949, respectively). Although multiple comparison test revealed no age related

changesin the percentages ofthis subsetin Chulaimbo (p=D.0952), there were significant

differences in Mosoriot (p=0.0012) with post-hoc analysis revealing significantly lower

frequencies at 12 months relative to 18 and 24 months (p<0.05 for all groups, corrected

formultiple comparisons). The frequency of CD 19+IgD-CD2 7- atypical memory Bvcells

was significantly higher in Chulaimbo at 18 months (p=0.0278) relative to Mosoriot,

while they were comparable at 12 and 24 months (p=0.9878, p=0.2306, respectively).

Further analysis revealed significantly lower percentages at 12 months relative to 18 and

24 months (p<0.05 for all groups, corrected for multiple comparisons) in Chulaimbo
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while no age related differences in Mosoriot (j7=0.6618). Since this subset contains

atypical exhausted memory' B-cells (Weiss et al., 2009), a further characterization to

determineif there were difference's in the proportions. of atypical exhausted memory B-

cellsin the two cohorts based onthe expression of FcLR4 was carried out. As shown in

Figure4, there was a significantly higher proportions of this subset in Chulaimbo relative ..'.,
. . : '. :

to Mosoriot at 18 and 24 months (p~0.0105 and p=0.0016, respectively) and no age

relatedchanges in both Chulaimbo(p===0.0628) and Mosoriot cohorts (p=0.1475): Taken

together,these data suggestthat there are profound differences in B':'cellhomeostasis in
. .

infantsfrom geographically proximate areas with divergent P. Jalciparum exposure and

thisimpact on immunity to, several pathogens ..•
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B-cell subsets
.Chulaimbo(age in months) Mosoriot (age months)

12 months. 18 months 24 months p-value 12 months 18 months 24 months p-value

Table 2. Comparative flow cytolDeric analysis oC peripheral lymphocytes distribution in inCants Crom Chulaimbo versus
Mosoriot

J

CD45+CD19+
CD19+IgD+CD27- .
CD19+IgD+CD27+
CD19+IgD-CD27~'
CD19+IgD-CD27+
CD19+IgD+CD10-
CD19+CD10+CD34- ';
CD19+CD38+CD23-
CD19+CD38+CD23+
CD19+CD38-CD23-

21.35(1.90) 19;74(1.43) 19.28(f.15) 0.4233 16.08(1.62) 15.28(1.13) 16.04(1.08) 0.8372
82:96(1.17). 68.43(2.62) . 71.38(1.71) <0.0001 81.89(1.47) 67.55(1.35) 70.50(2.04) <0.0001
3.71(0.36)' 6.33(0.59). 7.70(0.68)', <0.0001 5.47(0.71) 9.67(0.'87) 10.86(0.96) <0.0001
5.76(0.56) 10.03(1.27) 9.39(0.76) 0.0008 6.46(0.84) 7.35(0.63) 7.50(0~94) 0.6618
7.59(0.79) 15:21(1.69) 11.54(1.20) <0.0001 6.20(0.79) 15.43(1.09) 11.18(1.30) <0.0001

54.00(2.36) 44.95(2.21} 48.62(2.10) 0.0017 61.92(2.71) 52.01(2.15)' 54.25(1.72) 0.0027
34.53(2.51) .' 33.64(2.31) 35.56(2.15) . 0.5979 26.44(2.15) 28.89(3.06) 28.53(2.36) 0.5830
61.92(3.43) 51.64(2.70) 45.91(3.57) 0~0002 47.96(4.44) 40.66(2.01) 36.96(3.16) 0.0477
21.60(3.01) 26.98(2.52) 36.29(3.82) 0.0054 40.71(4.99)35.91(2.58) 41.63(3.84) 0.4500
14.75(1.98) . 18.55(2.29) 13.68(2.31) ..0.0952 9.20(1.15) 18.26(1.56) 15.46(1.94)0.0012

Freshly isolated PBMCs from Chulaimbo (n=:=24)and Mosoriot (n=21) infants were analyzed by multicolor flow cytornetry following

. staining with various combinations ofmonoc1onal antibodies (mAB). The data .arepresented as mean (Standard error of mean) of the

lymphocyte subset analyzed unless otherwise stated. Statistical differences between the two cohorts were determined by unpaired t-

test while age related changes in lymphocyte subset within cohorts were analyzed using Repeated Measures ANOVA with Bonferroni

correction for multiple comparisons. Statistically significant p~values of :S0.05are in bold.
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Figure4. Comparison of atypical exhausted memory B-cells frequencies in infants

from Chulaimbo versus Mosoriot.

The phenotypic characterization of atypical exhausted memory Bvcells in Chulaimbo

(n=24) and Mosoriot (n=21) was determined by flow cytometrybased on staining with

anti -CD19, ~CD21, -IgM-, -IgD,-CD27, -FCLR4 mAB and DAPI stain to exclude dead

cells. The determination of percentages of atypical exhausted memory B-cells in

peripheral circulation was done by first gating on live CD19+B-cells followed by gating

on the IgD-CD27- to get the FCLR4+ subset Unpairedt-test was used to compare

continuous variables between the cohorts while paired t-test was used to determine age

.relatedchanges within the cohorts. The asterisk (*) denotes significant p..:values ~O.05.
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4.6. Comparison ~fEBV viralloads in infants from Chulaimbo versusMosoriot

In order to investigateif there are study site and age related differences in EBV viral

loads.quantitative-Pf.R was usedto quantify EBV viral load in whole blood, As shown

in Figure 5, the' mean viral load (mean log EBV copiesJrnl) was significantly higher

among children from Chulaimbo as compared to those from Mosoriot at 12 and 18

months (p=O.0007 andp=O.OI24, respectively). At 24 months, the mean viral loads of

children from Mosoriot were higher than those from Chulaimbo, although this did not
, , '

achievestatistical significance. To further investigate if there is an age related change in

the EBV viral loads, repeated measure analysis of variance (ANOVA) with Bonferroni

post-test analysis was used, There were significant differences in vital load among

Chulaimbochildren at the ,three time points (p=O.0007). The differences in EBV between
. . . ,

different ages was further analyzed using paired r-test, with notable difference at 12

versus24 months (p::::OO.0052)and 18 versus 24 months (p=O.0092).
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Figure 5. Comparison of EBV viral loads in infants from Chulaimbo versus

Mosoriot.

EBV viral load was determined by Q-PCR from children front both Chulaimbo (n=24)

and.Mosoriot (n=21). Values obtained were log-transformed and the mean viral load (log

copies/ml+z- SEM) for each group was calculated. Differences in continuous variables.

between the two cohorts were measured by unpaired r-tests while age related changes

within the cohorts were measured using repeated measure analysis of variance with

Bonferronipost-hoc analysis. The asterisk (*) denotes significant p-values :SO.OS.
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. . . .

4.7.The general characteristics of the endemic Burkitt's lymphoma patients and

controls·

Childrenwith endemic BL were recruited at admissiori to Nyanza Provincial General

Hospital (NPGH), the major referral hospital for cancer treatment in Nyanza Province,
. . .

Kenya. Childre~ admitted to this hospital for reasons other than cancer typically are from

Kisumucity. However, children with BL tend to come from rural areas (Rainey et ai.,
. .. .

2007a). Therefore, the control population for this study was from a rural area with high
. .

BL incidence and persistentP. Jalciparum transmission malaria (Rainey et al., 2007a).

Thedemographic, clinical and hematological characteristics of the study participants are

summarizedin Table}. There were 32 (21. male and 11 female) children withBL and25
. .

. (16 males and 9 females) age. and gender-matched controls. While across group

comparison of. controls versus jaw and abdominal tumor patients was significantly ....

different (p<0.0001), the median age of the control children was 7 years [interquartile

range(lQR), 3..;13years] and the median age of the BL patients was 6 years (IQR, 3-12

years) (p=0.7768). Of the BLpatients, there were 14 that exclusively presented with

tumor in the jaw and 16 that had only abdominal tumors; . In addition, .there were 2

patients that had both jaw and abdominal tumors and 1 patient with lower .left limb

tumors. One of the patients with jaw and abdominal tumors was HIV-positive and was

excludedfrom further analysis. When the Bf.-patients were stratified into clinical groups

based on site of tumor presentation; children presenting with jaw tumors tended to be

younger [median age, 5 years (lQR, 3.75-6.50)] than those presenting with abdominal.

tumors [median age, 10 years (IQR, 6.25-11.00)] (p=0.0018). Sixty-eight percent of the

controls had P. falciparum parasites in their blood while only 12 % of the BL patients
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. .

wereP. Jalciparum positive (p<O.OOOl). 'However, most children presenting with BL at

NPGH had been referred from another hospital,and in most cases it was reportedthat.

thesepatients had been treated with anti-malarial drugs prior to admission at NPGH.
. . . .

. . .

Anemia Was more common in children presenting with abdominal tumors {Sl %),

comparable between those with jaw tumors (64%) and controls (44%) (p=0035)and the

levelsdiffered across the groups(p<O.OOOI), with controls having lower proportions of

those with anemia compared to all BL patients and those presenting with abdominal

tumors (p.=0.027 and p::::::O.OIS,respectively). Elevated serum lactate dehydrogenase

(LDH) is used clinically as a marker of overalltumor burden (Ogawa et aI., 200S). The

BL patients had.' significantly' higher levels of LDH as compared to the controls

(p<O.OOOl).BL patients with abdominal tumors had significantly higher LDH: levels'

relative to patients with jaw tumors (p~0.0394) signifying increased tumor burden in

abdominaltumor patients.
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Table 3. The delDographic, parasitological and clinical characteristics of' Burkitt's IylDpholDa patients and controls

Parameters Abdominal
(n=16) p-valueControls (n=25) BL (n=32) Jaw (n=14) Others (n=2)

c~

Age,
(range)

% (Male:Female) 64:36
Parasitemia
(% +ve)
Anemia<llg/dL, 11(44)
[h(%)]
LDH levels (U/I) 459 (391-534) 1114(676';2119) c 1813(1064-2713) 670 (472-1159) 1328(1195-1460) . <0.0001 a

Data are presented asmedians (in brackets are .the 25th and 7 5th percentiles) unless otherwise noted. a Kruskal- Wallis test was used to

determine differences in medians betweencontrols,the jaw and abdominal tumors patients. b Statistical Significance for proportions

medians 5(3.75-6.50) 6(3-12) 0.003787(3-13) 6(3-12) 10(6.15-11)

66:34 79:21 56:44 50:50 0.5578

68 <0.0001 b12 29 o o

24(73) <0.0001 b13(81) 9(64) 2 (67)

between the controls, jaw and abdominal tumors patients were determined using Fischer exact test. Abbreviation: BL= Burkitt's

Lymphoma. Statistically significant pSO.05 are in bold.
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4.8. Comparison ofBL tumor cells in peripheral" blood of BL patientsversus

controls

ElevatedEBV viralloads in Bl. patients are thought to result from increased circulation

ofBl. tumor cells in peripheral circulation, (Moormann et.al., 2005). However, this, study

onlylooked at EBV viral ,loads, but did not characterize the peripheral Bscell phenotypes

in BL patients. To test this claim, this studyquantifiedEBV viral loads in both the

plasma and PBMCs compartments usingQ-PCR and also perfonned a flow cytometry

analysis to-determine if there werecirculatirig BL tumor cells in -peripheral circulation

basedon,the expression of BL tumor cell markers CD 19, CD10, and CD7? (Klein et. a!.,

1995; Refaeli et a!.,2008). The flow cytometry results revealed thatBL tumor cells were,

absent in peripheral blood of both BL patients and controls (Figure 6, panel A and B,

respectively), denionstrating that the elevatedEBV viral loads reported inBl. patients are

not associated with circulating BL tumor cells as suggested bya previous study

(Moorrnannet al., 2005), but to persistence of EBV in other B-cell subsets.
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Figure 6 (A, B). Comparison of BL tumor cells in peripheral blood of BL patients

versuscontrols.

Flowcytometric analysis to determine whether there were circulating tumor cells based

onthe staining withBL tumor markets CD19, CDlO, CD77 revealed that there was no

detectionofBL tumor cells in peripheral blood as shown in (Panel A), for controls and

(PanelB)for BL patients.
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4.9.Comparison of surface expression of BCR in peripheral B-cells of BLpatients

, versus controls

Giventhat elevated EBV viral loads have been associated with Ig nullBvcells in other,

EBV associatedpost-tranplant lymphoproliferative disorders (Schauer et al., 2009), the

currentstudy was therefore, designed to determine if this was also true for BL patients.

ThusBCR surface expression on BL patients and controls was characterized by flow

cytometrywith anti-xand anti-X light chain monoclonal antibodies. Three distinct

subpopulations were observed, i.e. CD19+K+A-, CD 19+K:'A+ and BCR.;deficient"

(CD19+K..A-) B-cells. Remarkably, BL patients had significantly higher frequency of

CDl9+K~A-(BCR.;deficient}ofB-cells compared to controls(p~0.0038) (Figure 7, panel

A). Conversely, the frequency ofCD19+K+A- Bvcellswassignificantly higher in controls

comparedwith BL patients (p<O.OOOl) (Figure 7, panel B). Likewise, the frequencies of

CDl9+ K-A+B-cells were also significantly higher in controls compared with BLpatients

(p=O.0007)(Figure 7, panel C). However, contrary to previous suggestions that there is

a positive association between BCR-deficient Bvcells andEBV viral loads in post-

transplant lymphoproliferativedisease patients (Schauer et at 2009), there were no,

associationbetween BCR-negative B-cells with plasma or PBMCs EBV viral loads (r=-

0.1660, p=0.2842 and r=-0.2332, p=0.2842, respectively) observed in the current study.

Taken together, these data suggest that there is impaired B-cell development in BL

patients and children from malaria endemic regions. In addition, the elevatedEBV viral

loadsreported in BL patients are not restricted to EBV persistence in BeR-negative B-

cells.
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Figure 7 (A, B,· C). Comparison of surface Bscell receptor (BCR) expression on.

peripheral blood ofBL patients and controls.

Thesefigures depicts the difference in surface expression of B-ce11 K and "A light onBl,

patients.and controls. Panel A: The expression of BCR deficient B-cells or B-cells that

aredouble negative for bothx and "A light chains (BCR- B-cells). Panel B: K+"A- Bvcells.

PanelC: K-"A+ B-cells. p-values derived from Mann-Whitney U tests are indicated in the

respective figures. Horizontal bars represent median values for each of the study

population-.
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4.10.Comparison of levels of serum free K and l light chains in the plasma of -BL .

patients and controls

To further explore if the lack of expression of functional Bvcell receptor (BCR) on B- .

cellswas due tocytogenetic aberrancies that impair heavy and light chams- pairing or due.

todown regulation of heavy chain but not light chain transcription (Jochneret al., 1996;.

Rajkumaret al., 2005), serum free K and A light chains inplasma of both BL patients and

controls were quantified. As shown in Figure 8 (panel A), there was no significant

differencein the levels of serum free K light chains in controls {median, 13.03mglL) as
. .". ..... .". .

compared to BL patients (median, 9.14mglL) (p=0.0678). In addition, the levels of

serum free A lights were also -comparablebetween controls and BL patients (median,'

16.44 mg/L versus. 15.18 mg/L) (p=0.5625) (Figure 8, panel B). The kappa-to-lambda

ratio for controls relative to BL patients were (median, 0.68 [0.45-1.19] vs. 0.60 [0.24-

1.23]). These levels were within the normal ranges for detection of serum free K light

chains (normal range, 3.3-19 mg/L)and A light chains (normal range, 5.7·26.3 mg/L) in

healthy individuals (Katzmann et al., 2002). These findings indicate that lack of

expression of functional BCR receptor on these B-cell subsets is not due to down-

regulation of the transcription of heavy chain genes. Furthermore, EBV has been shown

to infect this B-cell subset (Schauer et al., 2004; Schauer et al., 2009), and can rescue it

through viral proteins LMP2a acting as surrogate BCR in these Bvcell subsets negating

the need to develop a functional BCR in order to survive .in peripheral circulation

(Mancaoand Hammerschmidt, 2007).
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Figure 8 (A, B). Comparison of levelsof serum free K or Alight chainsin the plasma

ofBL patients versus controls e .

The levels of serum-free x andX light chains were comparable between BL patients and

controls (panel A) and (panel B), respectively; each box represent the interquartile range;

the line through the box is the median. Statistical significance was determined by the

Mann-Whitney U test.
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4.11.Comparison of B-cell homeostasis in BL patients versus controls

Given that deficiency in BCR lead to arrested maturation of B-cells subsequently

interferingwith generation of mature B-cells (Hoeket aI., 2009). This study therefore,

characterized peripheral naive and memory B-cell populations based on flow cytometric .

stainingwith anti -IgD, -CDlO, -CD77and -CD27 mAE. As shown in Table 4, the results·
. . .

reveal no significant differences in the frequencies of the total Bvoell population

(CD19+),naive (CD19+lgD+CD27.,) and classical memory (CD 19+IgD-CD27+) B-cell

populations between BL patients compared to the controls. Further analysis revealed

significantly higher frequencies of mature naive B-cells (CD19+IgD+CDIO-) in BL

patientsas compared to the controls (p=0.034~)., However, the frequency of immature

transitional B-cells (CD19+IgD+CDlO+) was significantly higher in controls as

compared to BL patients (p=0.0023). Likewise, the frequency of germinal center

(CD19+CDIO+CD38+) B-cells was significantly higher in controls compared to BL

patients (p=0.0005). These findings are consistent with previous studies in which it was

shown that EBV infection can down-regulate expression of germinal center markers

(Mancaoand Hammerschmidt, 2007; Schauer et al., 2009).

Within the memory B-cell compartment, the frequency of non-class switched memory

(CD19+lgD+CD27+) B-cells, important in bacterial or viral defense (Jacobsen et aI.,

2008) was significantly higher in controls as compared with BL patients (p<0.0001).

However, the frequency of atypical memory (CD 19+1gD-CD27-) B-cells were

significantly higher in BL patients as compared to controls (p=0.0304). Similarly the

frequency of atypical memory (CD 19+CD27 -CD 10-) B-cells was significantly higher in
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BL patients compared to the controls (p<O.OOOl). These uggest that BL patients

haveperturbed memory B-cell homeostasis.

Following the observations that memory B-cell pool is perturbed III BL patients,

perturbation in the frequency of memory Bvcell subsets associated with control of blood
. .

bornepathogens (Kantor, 1991), was analyzed by a flow cytometric analysis based on the

stainingwith anti -CD19, -CD27,-CDlO and -CDS mAB. As shown in Table 4, there :

wasnostatistical difference in the frequency of classical memory (CD19+CD27+CD5-) .

B-cells between controls and BL patients, but the. frequency of non-class switched
. . '.

(CD19+CD27+CDS+) memory Bvcell subset was significantly higher in controls as,

compared to BL patients (p=0.00S8). Likewise, the frequency of CD19+CD27-CDS+B-

cellswas also significantly higher in controls as compared to theBl, patients (p=0.001).

In contrast, the frequency of atypical memory (CD19+CD27-CDS-) B-cells was

significantly higher in BL patients as compared to the controls (p=0.0003). Further

characterization of CDS+ memory B-cells, based on co-expression of CD10, revealed

that the frequency of non-class switched (CD19+CDS+CDIO-) memory B-cell was

significantly higher in controls as compared to the BL patients (p=0.0486). In contrast,

the frequency of classical memory (CD 19+CDS-CD 10-) B-cells was significantly higher

inBL patients as compared to the controls (p=0.0012). Taken together, these data suggest

theBL tumors are associated with profound perturbation of peripheral B-cell homeostasis

inBLpatients.
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B;"cellsub-population Percent cells, medians (25tb 3m)--7Stb percentiles) I. . p va ues
Healthy controls (n=25) BL (n=32)

Table 4. CODl.parative 00_ cytoDl.eric analysis of' peripheral D-cells in DL patients versus controls

CD19+ 10.45 (8.04-13.06) 9.74 (6;71-18.77) 0.5569
CD19+IgD+CD27- 6L87 (52.64-68.97) 64.87(54.75-72.78) 0;3411
CDI9+IgD+CD27+ 13.66 (12.84-16~50) 7.90 (6.13-12.46) <0.0001
CD19+IgD-CD27- 10.77 (6.99-14,29) 15.63 (10.23-22.20) 0.0304
CD 19+IgD-CD27+ 9.93 (7.81:'15.53) 8.80 (5.05-16.02) 0.2154
.CDI9+IgD+CDIO- 54.06(47.55~59.38)60.75 (50.59'-68.45) 0.0346
CDI9+IgD+CDIO+ 21,42 (15.83~27.72) 11.86 (4~28-18.33) 0.0023

..CDI9+CDI0+CD38+ 21.93 (13.65-28.78) 8.37 (1.81-18.24) 0.0005
CDI9+CDI0+CD77+ 0015(0.01'-0.37) 0.16 (0.09-0.34) 0.8787
CDI9+CD27+CDI0- 23.48(18.70-32.63) 17.82(11.82-24.90) 0.0337
CD19+CD27-CDIO~ 51.91(47.29- 57.46) 71.61(59.01- 79.51) <0.0001
CDI9+CD27-CDlO+ 23.07 (12.93-12.93) 6.40 (2.45-14.21). <0;0001
CDI9+CD27+CD5- 15.82 (9.45-19.91) 13.41 (8.41-18.48) 0.2855

·CDI9+CD27+CD5+ 1.42(8.64;'14.51) 6.91 (3.34-10.51) . 0~0058
CDI9+CD27-CD5- 39.06 (34.10-A3.93) 54.72 (42.55;.67.00)0.0003
CDI9+CD27-CD5+ 33.40 (28.85-38.23) 21.90 (14.97-29.06) 0.0010
CDI9+CD5+CDI0- 26.70 (22.80-30.15) 22.40 (17.65-27.91) 0.0486

.CD19+CD5,.CDI0- .. 49.82(42.28-55.39) 70.04 (53.95-73.93) 0.0012
Freshly isolatedPBMCs were analyzed by flow cytometric staining with various combinations of monoclonal antibodies. For each

population, the percentages ~iven are the medians of the proportions of B~cells subsets within the live CDI9+ B-cell gate. In brackets

are the 25th anCl75th percentiles. Statistical differences between the two groups were determined using Mann-Whitney U test.

.:Statistically significant p :S0.05are inbold.
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4.12.Associations between EBV viral loads and Bscell sub-populations

Thereis a plethora of reports demonstrating that EBV persistence is restricted to CD5- B-

cellsubsets in peripheral blood while CD5+ B-cells are critical in control of blood-borne

pathogens (Kantor, 1991; Joseph et al., 2000b;Schauer et aI., 2004; Jacobsen et aI.,
. . '., .

2008;Schauer et aI., 2009). It was thus imperative to determine the association between

EBV viral loads in both PBMCs and plasma compartments with the frequencies of
" C,' ,"

different B-cell subsets. As shown in Figure 9, EBV viral loads within PBMCs were

positivelyassociated with- the frequency of atypical memory (CD 19+CD27 -CD5-) B-

cells(r=0.4286,p=0.0466) (Figure 9, panel B) and negatively associated with frequencies

of non..,class' switched memory (CDI9+IgD+CD27+) B'-cells (r=-0.5880, p=0,0064) •

(Figure9, panel A), and non-class switched memory (CDI9+CD27+CD5+) B-cells(r=- -

0.5948, p=0;0045). (figure 9, panel C). While Plasma EBV viral loads were positively

associated with the frequencies of atypical memory (CDI9+CD27-CD5-) B-cells

(r=0.6409,p=0.0013) (Figure 9, panel E), atypical memory (CDI9+CD27-CDlO..,) B-

cells (r=0.5155, p=O.014) (Figure 9, panel H), classical memory (CD19+CD5-CDI0-)

(r=0.5957, p=0.0034) (Figure 9, panel G) and negatively associated with the frequencies

of immature transitional (CD19+IgD+CD 10+) B-cells (r=-0.5564, p=O.O108) (Figure 9,

panel D),· non-class switched memory (CDI9+CD27+CD5+) B-cells (r=-0.5558,

p=0.0089) (Figure 9, panel F). These results are in agreement with studies in patients

suffering from post-transplant lymphoproliferative disease and solid organ recipients

showing that EBV persistence is associated with CDI9+27-CD5-CDI0- ·B-tell subset

(Schauer et aI., 2004; Schauer et al., 2009).
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coefficients (r-values) and p-values are indicated III the respective figures. Significant

cell subsets in BL patients.

correlations are in bold.
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4.13.Comparison of IgG levels against P. Jalciparum antigens in BL patients versus

controls

Toassess-antibody levels to a broad panel of purified P. falCiparumantigens, Luminex

bead-basedarray assay _was used to measure IgG specific for 3 different malaria antigens:

AMA-l,MSP-l and LSA-l. In addition, AMA-l and MSP-l antigens derived from 2

different known circulating strains of P. falciparum, the 3D7 and Fva strains were

analyzed. Antibodies were detected against -the malaria antigens .tested in all the BL

patientsand controls (Figure 10, panel A, B, C, D, E). Remarkably, the relative levels of

IgG against all P. falciparum antigens tested were comparable between BL patients and

controlsand nQ significant differences were detected. -
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Figure 10 (A, B, C, D, E). Comparison of P. Jalciparum-specific IgG levels in

controls versus BL patients.

Plasma was diluted at 1:6400 and tested using a Luminex Bead-based array. Specific

malariaantigens were (panel A) MSPI 3D7-specific IgG, (panel B) MSPI FVO-specific

IgG, (panel C) AMAI 3D7-specific IgG, (panel D) AMAI FVO-specific IgG and (panel

E)LSAI-specificJgG. The mean fluorescence intensity (MFI) of 75 of Luminex beads

for each of the antigen tested is indicated on the y-axis. p-values of Mann- Whitney U

tests are indicated in the respective figures. Horizontal bars represent median values for

eachof the study population.
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4.14.Comparison of IgG levels against EBVantigens in BL patients versus .controls

The differences in the EBV -specific IgG between BL patients and age and gender-

matchedcontrols were then determined. This study measured IgG specific for the EBV

latent antigen, EBNA~ 1, and the EBV lytic antigens, Zta, EAd,and VeA using well

characterized synthetic peptides as the target antigen in the multiplex assay (van

Grunsven et al., 1994; Meij et at, 1999; Piriou et at, 2009). While there were

significantly higher levels of Zta andVeA~specific JgG levels in BLpatients compared
'. .. '." .

to controls (p<0.000l .and p=0.0017, respectively)(Figure 11, panel A and C;..'

respectively), the levels of EBNA~1 andEad-specific IgG levels were comparable

betweenthe two groups (p=0.3382 andp=0.5046, respectively) (Figure 11, panelBand

D,respectively).
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Figure 11 (A, B, C, D). Comparison of EBV -specific IgG in controls versus BL

patients.

Plasmafrom BL patients (n=32) and controls(~=25) was diluted at I :6400 and tested

usingaLuminex Bead-based array. Specific EBV antigens were: (panel A): Zta-specific

IgG, (panel B): EAd-specific IgG, (panel C): yeA-specific IgG, (panel D): EBNAl-

specificIgG. The MFI of 75 of Luminex beads for each of the antigen tested is indicated

onthe y-axis. p-values of Mann- Whitney U tests are indicated in the respective figures.

Horizontalbars represent median values for each of the study population.
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4.15.Comp~ris~m of IgG levels against EBV' antigens in BLpati:ents based on tumor

site

. '.

To investigate if there were differences in the median levels of EBV-specific IgG
. .

antibodiesamong Bl.patients presenting with distinct clinical features, the BL patients
. .

. . . .

werestratified into BL patients presenting exclusively with jaw tumors (n=14) and those'

presentingexclusively with abdominal tumors (n= 16) and compared these to the controls
-. . ...-

(n=25). The two patients presenting with both jaw and abdominal tumors and the patient

presentingwith a tumor in the lower limb were excluded from this analysis. The results

revealed elevated levels of Zta-specific IgG antibodies in BL patients presenting with

abdominaltumors compared to those presenting withjaw tumors (p=0.0065) (Figure 12,

panelA). However,the~e were not any significant differences ofVCA,EAd, or EBNA1-

specificIgG between patients presenting with jaw tumors compared to those presenting

withabdominal tumors (Figure 12, panel B, C, D, respectively).
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Figure 12 (A, B, C, D). Comparison of EBV -specific IgG in BL patients with jaw

tumors versus abdominal tumors.

Plasma was diluted at 1:6400 and tested using a Luminex Bead-based array. Specific

EBV antigens were: (panel A): Zta-specific IgG, (panel B): EAd-specific IgG, (panel C):

yeA-specific IgG, (panel D): EBNAl-specific IgG. The MFI of 75 of Luminex beads

for each of the antigen tested is indicated on the y-axis. The differences between two

study populations were compared using Marin-Whitney U test. p-values. of Mann-

WhitneyU tests are indicated in the respective figures. Horizontal bars represent median

valuesfor each of the study population.
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4.16.EBV viral loads in BL patients based on tumor site -

Other studies have identified elevated EBV viral loads in plasma from patients with

nasopharyngeal carcinoma or BBV-associated Hodgkin's disease (Drouetet al., 1999; --
. '. . '" .....

- -

Meijet al., 1999). To determine if there were elevated plasma viral loads in BL patients

relative to age and gender-matched controls, EBV viral-load levels in plasma were

quantifiedby Q.:PCR. As shown in Figure 13 panel A, EBV DNA was readily detected

in the plasma i~ 30 out of 32 (94%)ofBL patients. -In contrast, only 6125 (24%) of the

controlshad detectable levels of EBV in the plasma, Interestingly, the viral loads in the
. . .' . .

sixcontrol samples with detectable levels of EBV in the plasma were comparable to the -

levels in BL patients (medians, 4J05 logvcopies/ml versus 3.860 Iog veopies/ml,

respectively, p=0.1018) (Figure13, panel A). These results show that P. falciparum

drivesEBV viral reactivation in children from malaria endemic regions.

WhenEBV viral loads in plasma from BL patients with jaw tumors were compared to BL

patientswith abdominal tumors, there were significantly higher levels of EBV in plasma

from BL patients presenting with abdominal tumors as compared to the jaw tumors

(p=O.0337) (Figure 13, panel B). Elevated viral loads in the plasma is associated with

increased release of viral DNA from tumor cells due to apoptosis or necrosis of tumor

cellsand not necessarily linked to elevated anti-Zta and VCA IgG levels. To determine if

Zta and VCA IgG antibody levels correlated with EBV viral load, a Spearman's

correlation was performed. Results revealed that Zta-specific IgG levels were positively

correlated with plasma EBV viral loads in BL tumors (r=0.3825, p=0.0307) while there

wasno correlation with VCA IgG levels (r=-0.0972,p=0.6093).
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Figure 13 (A, B). Comparison of plasma EBV viral loads in BL patients versus

controls.

PanelA: The plasma EBV viral loads were significantly higher in BL patients (n=32)

comparedto the controls (p<O.0001). Panel B: PlasmaEBVviralloadswere significantly

higherinpatients presenting with abdominal tumors (n=16) compared to jaw tumor
. . .' .

patients(n=14) (p<O.0337). The differences between the two study populations were·

comparedusing Mann-Whitney U test. p-valuesof Mann-Whitney U tests are indicated

inthe respective figures. Horizontal bars represent median values for each of the study :

population.
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4.18. Hematological indices in BL patients

Several studies have demonstrated that hematological abnormalities are the most

commonside effects of lymphomas and chronic infections (Teuffel et al., 20.0.8; Dikshit

et al., 2QQ9)~ Therefore, this study analyzed. the hematological differences between

controls and BL patients. As shown in TableS, thecontrols had significantly higher

hemoglobin (Hb) levels (p=Q~QQll), hematocrit (Hct) counts (p:=Q.Q473) and mean

corpuscular hemoglobin concentration (MCHC; p<Q:QQQI) compared to BL patients.

However, the mean corpuscular hemoglobin (MCH;p<Q.QQQI) and the red cell

distributionwidth (RDW; p::;::Q.OJS4) measurements were significantly lower in controls

comparedto BL patients.

Sincethrombocyto.sis is one of the hallmarks of advanced lymphomas (Katodritou et al.,

200.9),differences in platelet indices (a marker of thrombocytosis) among the study

participants was also determined. .The results revealed that .while there were no

significant differences in platelet counts between controls and BL 'patients (p:=Q.IIQS)

implying that there is no enhanced thrombopoesis in BL patients, the mean platelet

volume (MPV) levels was significantly higher in controls compared to BL patients

(p=o..0012). The levels of platelet distribution width (PDW), however, were significantly

lowerin controls compared to BL patients (p=Q.QQ74).

Recently, studies have shown that chronic infections perturb white blood cell counts, and

studies looking at EBV viral loads have suggested that elevated viral loads observed in

BL patients is due toa leukemic phase in patients (Moormann et al., 20.0.5; Kirchhoff and
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Silvestri,2008; Dikshit et at., 2009). Therefore, the current study ~lsodeterrnined if this

was true for BLpatients. The results revealed that although the white blood counts

(WBC; p=0.0388)and granulocyte counts (p=0.0251) were significantly lower in

controlsas compared to BL patients, there was no significant difference in monocytes
." ". .- .".

(MO)counts between the groups (p=0.6900). These data suggest that there IS profound
. .

perturbation of hematological indices in BL patients characterized by enhanced ".

granulopoesis.
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~edBlood Cell counts [RBC(x10\tl)] 4.60 (0043)
Hemoglobin levels [Hb (g/dl)] 11.18 (1.37)
Hematocrit counts [Bct (%)] 35.10(3.29)
Mean Corpuscular Volume [MCV (fL)] 76.60 (7.57)
Mean Corpuscular Hemoglobin [MCH (pg)] 24.36(2.91)
Mean Corpuscular Hemoglobin Concentration 31 78 (1 58)
[MCHC (g/dl)] . . .

Red Cell Distribution Width [RDW (%)] 15.52 (2.65)
.. Platelet counts [Pit (xl03/~l)] . 281.40 C71A6)

Mean Platelet Volume [MPV(fL)]. . 8.05 (1.02)
Platelet Distribution Width [PDWl 16.28 (0.74)

. 6
Granulocyte counts [Gr (x 10 /~l)] 3.16 (0.97)
White Blood Cell Counts [WBC (xl06/~1)] 7.73 (1.34)

4.38 (0.91).
9.41 (2.24)
32.38 (6.40)
74.46 (6.40)
28.89 (1,88)

28.89 (1.88)

18.17(4.60)
343.60 (155.10)

7.17(0~82)
17.04(1.14)
4.38 (2.45)
9.26 (3.39)

0.4661
0.0011
0.0473
0.0958

<0.0001

.<0.0001

0.0154
. 0.2782

0.0012
0.0074
0.0251
0.0388

Table 5. COlDparison of' helDatological indices in controls versus BL pa1:ients

Characteristics Controls (n=25) BL (n=32) pa-values

Data presented as mean (±SD).Pairwisecomparisons were determined usingunpaIted t-test. pa is p-values for between group

comparisons. Abbreviation: BL= Burkitt's Lymphoma
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4.19~Correlation between erythrocyte indices with plasma EBVviralloads in BL

patients

There is a plethora of reports suggesting that severe anemia and elevatedplasmaEBV

viralloads are surrogate markers of tumor burden (Moullet et al., 1998; Bhattathiri, 2001;
" "

" "

Shaoetal., 2004; Teuffel et al., 2008). Interestingly; HIV viremia has also been

associated with perturbation in hematological indices (Kirchhoff and Silvestri, 2008;
" "

Dikshit et al., 2009). In order to determine if there is an association between EBV

viremia and anemia in BL patients, a Pearson's correlation between viremia and Hb

levels.was carried out. As shown in Table 6, there was a negative correlation between

plasmaEBV viral loads and Hb levels (r=-0.5542, p=0.0018), RBC (r=-0.391, p=O.036)

andMCHC (r=:'0.44S,p=O.0 16) in BLpatients indicating that EBV viremia is impacting

negatively on erythropoiesis. To further evaluate if the elevated plasma EBV viral load
" "

was one of the clinical" factors associated with anemia, a multiple logistic regression

analysiscontrolling for age and gender was carried out. Results in the regression model
" "

revealedthat plasma EBV DNA level was retained as a significant independent predictor

of anemia (OR; 3.60, 95% CI; 1.11-11.73, p=0.033), which is an additional indication

thatBL tumor progression is the underlying cause of anemia in these patients.
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Plasma EBV viral loads RgB RBC MCRC
..Table 6. Correlation(s) behveen plasDla EBV viral loads and erythrocyte indices in BL patients

Pearson's r value -0,5542

0.0018

-.0.391

0.036

-0.445

0.16p-value

• Correlations between erythrocyte indices and plasma Els V viral loads were done using Pearson's correlations. The Pearson's
. . .

correlation coefficient and p-values are indicated in the Table. Abbreviations: EBV=Epstein Barr Virus; BL=Burkitt's Lymphoma;

HgB=Hemoglobin; RBC=Red Blood Cells; MCHC=Mean Corpuscular Hemoglobin Concentration.

'0
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4.20.Correlations between lactate dehydrogenase (LDH) levels and hematological

indices

Theeffect of tumor burden on hematological indices was also determined. As shown in

Table 7, there was a positive correlation between LDH levels and WBCcounts

(r=O.6761, p=O.OOOl), lymphocyte counts (r==0.4218,p==O.0357),granulocyte· counts

(FO.6752, p=O.0002) and red cell distribution width (r==O.5066,p=O.0098).However,

there was a negative correlation between LDH levels with RBC counts (r==-0.3736,

p=O.0459), Hb levels .•.(r==-0.4696, p=O.0102) and .Hct (r==-0.4966,p=O.0061)~

Interestingly, there was no correlation between Lfrl-l levels and plasma EBV viral loads
. ..

in BL patients (r==O.30l3, p=O.1192), hence, LDH was not retained as an independent

predictor of anemia in the multiple logistic regression model.
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LDH levels WBC LY GR RBC HgB levels Hcf RDW
Table 7. Correlation(s) benveen LDR levels and hematological indices in BL patients

Pearson's r value 0.6761

0.0001

·0.4218

0.0357

0.6757

0.0002

':0.3736

0.0459

-0.4696

0.0102

-0.4966

0.0061

0.5066

0.0098-p: value

Correlations between LDH levels and hematological indices were determined using Pearson's correlations. The Pearson's r

correlations coefficient and p-vah.les are indicated in the table. Abbreviations: LDH=Lactate Dehydrogenase; BL=Burkitt's
.. .

LymphomarWbf'=White Blood Cell counts; LY=Lymphocytecounts; Gk=Granulocytecounts; RBC=Red Blood Cell counts;
. . '. '

HgB=Hemoglobin; Hct=Hematocrit counts;RDW=Red Cell Distribution Width.
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4.21.Comparison of the prognostic vaiue of severe anemia and elevated plasma

EBV viral loads in BL patients

Since anemia has been associated with poor outcomes in Iymphomaand leukemia
. ~

patients in the developed countries (Birgegard et al., 2006; Teuffelet a!., 2008), Kaplan-.
. '. . . .

Meiermethodand log-rank test wasused to assess whether this relationship exists in BL

patients and to further test if elevated plasma EBVviral DNA could also be an indicator.
. ..

". . . .

of poor outcomes in BL patients. As shown in Figure 14, BL patients presenting with

lowerfIb levels (::;8.0g/dl) had an increased risk of mortality relative to those with higher

Hb levels (>8.0 g/dl): (RR; 4.01, 95% CI; 1:15-13.90; p=0.0288). The overall survival .
. : "'.:

was also shorter in BL patients with elevated plasma EBV viralload((>3.5 log EBV

copies/ml) compared with those with lower (::;3.5 log EBV copies/rnl) (HR; 4.98, 95%

CI; 1.59.,15.60,p=0.0058) (Figure 15).
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Figure14. Comparison of overall survival of BL patients according to the severity of

anemia.

Thecut-off value of 8.0 g/dl was based oncommon Toxicity Criteria from the National

CancerInstitute (NCI) and European Organization for Research and Treatmentof Cancer

(EORTC). After 300 days follow-up, 70% of the patients with Hb::;8.0 gldl had died

comparedto 29% of those who had Hb>8.0 g/dl. The children with severe anemia (::;8.0

gldl)had shorter overall survival compared to the patients with Hb>8.0 gldl (HR; 4.01,

95%CI; 1.15-13.90, p=0.0288). Median survival for BL patients with Hb ::;8.0 gldl was

134 days. P denotes the log-rank test p'"value while HR is hazard ratio.

95



1.O""1'"r--""----,
- Plasma DNA> 3.5~

~ 0.8·
.~
v: 0.6

-t-plasma DNA s3.5
~

] 0.4
Q)
;>o 0.2

p=O.0058
O~O+---------~----r-------'

o 100 200 300
days

Figure 1S.Comparison of overall survival of BL patients according to the plasma

EBV viral load levels.

Thecut-off value of3.5 is the mean plasma viral load (log EBV copies/ml) for all. the BL

patients. After 300 days of follow-up, 71% of the patients with.elevated plasma EBV

viral loads (>3.5 log EBV copies/ml) had died compared to 10% of those with low viral

loads(:S3.5 log EBV copies/ml). The children with elevated plasma EBV viral loads had

shorteroverall survival compared to those with low viral loads (HR; 4.98, 95% CI; 1.59-

15.60,p=0.0058). Median survival for BL patients with elevated plasma EBV viral loads

was 172days. Pdenotes the log-rank test p-value while HR is hazard ratio.
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CHAPTER FIVE

5.0.DISCUSSION

5.1.B-ceU homeostasis in infants from areas with divergent P. falciparum .malaria

transmission dynamics in western Kenya

Children from malaria endemic regions bear the brunt of P. falciparum malaria-related
. .

: ,." '.

morbidity and mortality(ChelimOetal, 2005; Kinyanjui et al., 2007; Moormann, 2009) '.'
. ' .

.due to their' inability to elaborateapproptiate innate and adaptive immune responses

(Moormann, 2009). Indeed, several studies have demonstrated reduced duration and
. . .

qualityof serologic memory irichildren from malaria endemic settings (Brair et al., 1994;

Chelimo et al., 2005; Scott et ai"2005; Kinyanjui et al., 2007). However, there ate,

conflicting results on the protective effects of anti-P. Jalciparum antibodies in children

(Chelimo etal., 2005; Kinyanjui etal., 2007; Dent et al., 2008). Given thatBvcellsplay

critical roles in the initiation and maintenance of humoral· immune response against P:

falciparum and that the ultimate goal of any' malaria vaccine will be to elicit appropriate"

immuneresponses especially ininfants, a better understanding of early pathogenic effects

ofP. falciparum infection on infant Bvcellhomeostasis is needed before or after initiation

of any immunization program. To continue informing this debate, alterations in B-cell

homeostasis in infants from geographically proximate regions with divergent P.

Jalciparum transmission dynamics was examined. This study reports significant age and

studysite-related differences within the distinct B-ceU subset percentages, suggesting that

age, ethnic and environmental factors influence B-ceU homeostasis in infants (Osugi et

al., 1995; Kassa et al., 2006).
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Causes of lymphocyte alterations in children from malaria endemic regions are·

multifactorial and likely differaccordingto the degree of malaria endemicity, severity of

the disease, parasite strains, age, genetic background and/or other geographical factors

(Kassu et al., 2001; Kassa et al., 2006; Asito et al., 2008; Weiss et al., 2009). However,

in African populations, immune activation has been associated with environmental and

not genetic factors (Clerici etal., 2000). Pr~vious observations in both children and

adults showed no age related changes in the proportions of B-cells irrespective of the. .

study site (Osugi et al., 1995; Kassa et al., 1999; Kassu et al., 2001). However, evidence

from other studies demonstrate heterogeneity in distribution of lymphocyte populations
. . . .

among Africans due to age; gender, ethnic, environmental factors and/or methodology

differences (Lugada etal., 2004; Kibayaerzs., 2008). Since a previous cross-sectional

study had shown that acute clinical P. falciparum malaria perturbs B-cell homeostasis in

2 to 15 year old children from malaria endemic region (Asitoet al., 2008), therefore, it .

was important to carry out longitudinal studies in infants to determine how early

exposure of infants to divergent P. Jalciparum transmission dynamics impact on B-ceU

. homeostasis. Results revealed no age related changes in the proportions of B-cells in both
. .

cohorts. However, the proportions ofCD19+ B-cells were significantly higher in infants.

from Chulaimbo relative to Mosoriot over all the time points assessed, suggesting that

prenatal or early exposure to P. falciparum infection impact on B-cell compartment by

providing a suitable microenvironment for enhanced B-cell survival. While the

mechanisms that lead to elevated proportions of B-cells in Chulaimbo were not within the ..

scope of the current study, P. falciparum infection is associated with elevated circulation.

of cytokines and chemokines important in B-cell survival and compartmentalization
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. . . . . . , ,
, .', .

(Wahlgren et al., 1995; Donati et al., 2006b). In addition;P. falciparum antigens like P.

jalciparum . erythrocyte membrane proteins .1 (PfEMP 1) have been implicated' in

provisionof pro-survival signals to B-cells (Donati et al., 2006b).

Previous investigations in Kenya demonstrated that infants born to mothers exposed to P.

Jalciparum infections have low levels of antibodies to several pathogens up to I year of

age (Brair et aI., 1994; Scottetal., 2005). The findings presented here, showing
. . .

Chulaimbo infants with low levels of both total Ig and IgG relative. to Mosoriot at 12

months further support these observations. Possible explanations for the low levels of
. , , .

antibodies observed in .Chulaimbo infants at 12 months include the following: inadequate

provision of T cell-derived signals' important in antibody synthesis and class-switching

(Fleisher and Bleesing, 2000), as indicated by the decreased proportions of CD4+ T cell

subsetandCD4+/CD8+ ratio in infants from Chulaimbo at 12 months; intrinsic defects in

B-cells that impair humoral immune responses in infants (Carlier and Truyens, 1995) as

indicated by low levels of antibodies regardless of the elevated proportions of CD 19+ B-

cells in Chulaimbo infants; or impaired placental transfer of maternal antibodies to

infants due to prenatal exposure to P. Jalciparum infection as shown by previous studies

(Brair et al., 1994; Scott et al., 2005). However, further studies will be required to

elucidate the underlying mechanisms.

Since impaired serologic immune response against several blood-borne pathogens has

been associated with the loss or depletion of non-class-switched memory

(CD19+lgD+CD27+) B-cells in HIV patients or patients suffering from bacterial

infections (Jacobsen et a!., 2008; Weller et a!., 2008). It is plausible that the reduction
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quality and duration of serologic immunity to -blood-bomc pathogens observed in

children from malaria endemic settings (Brair et .al., 1994; Scott et al., 2005; Kinyanjui et

aI., 2007), is due to depletion or loss of IgD+CD27+ memory B-cells in circulation.

Consistent with these. observations, .results presented 'in this study revealed that

Chulaimbo irifants have lower proportions of non-class-switched memory B-cells relative
". . -.'. ..

to infants from Mosoriot. These findings, in the context of previous observations showing

that P. falciparum infection disrupt splenic architecture, consequently interfering with

peripheral homeostasis ofCD19+IgD+CD27+ memory B-cells (Urban et .al., 1999;

Martinez-Gamboa et al., 2009), further suggest that the age and/or study site-related

differences in proportions of this B-cell subset observed in the present study are as a

result of differences in splenic output and/or microenvironment or differences in the B-

cell maturation and generation process due to differential exposure to environmental

factors or age.

Recently, studies have shown that increased frequencyofIgD-CD27- memory B-cells are

indicative of increased disease activity in autoimmune patients or patients suffering from

pathogeriic infection (Jacobi et al., 2008; Weiss et al., 2009). Consistent with these

studies, the current study report higher frequency of this subset in infants from

Chulaimbo relative to Mosoriot regions. Interestingly, the proportion of this subset in

Chulaimbo cohort are similar to those observed in patients suffering from bacterial

infections (Jacobi et al., 2008); supporting the notion that early exposure to P. falciparum

not only interfere with B-cell homeostasis but lead to Bvcell aberrancies that abrogate B-

cell-associated immune responses. In this context, the differences in the proportions of

recently described exhausted atypical memory B-cells within the two cohorts was further
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investigated (Weiss etal., 2009). Although it Was obse~ed that the proportions of this ..

subset were similar to those reported in healthy individuals(Moiret at, 2008a), the

Chulaimbo infants had elevated frequency relative to Mosoriot oyer the time points

assessed, sustaining the view that exposure to P. falciparum impair generation and

maintenance of Bvccllimmune responses in children through clonal exhaustion (Weiss et

.' aI., 2009)~

Although the frequency of immature transitional B-cells were significantly higher in

infants from Chulaimbo relative to Mosoriotat 12 and 24 months, the frequencies of this

subset in both the study .sites were. comparable to those reported in HIV patients before
. .

initiation of antiretroviral therapy and in children recovering from acute clinical malaria

(Asito et al., 2008; Moir et al., 2008b). However, in contrast to studies in HIV -infected

adults where expansion of immature transitional B-cells is associated with CD4+ T cell

lymphopenia .(Malaspina et at, 2006; Moir et al.; 2008b), the current study did not

demonstrate any association between the proportions of CD4 ..T cells and immature

transitional B-cells. This hint at several possible scenarios; first the mechanisms that lead
. .

to expansion of immature transitional Bvcells in healthy children are different from those

with disease condition; the expanded population does not. represent bona fide immature

transitional B-cells but a population of germinal center founder cells that arise from

deregulated germinal center maturation! differentiation or reaction in healthy children

(Bohnhorst etal., 2001); or differences in. immune parameters measured. For example,

this study looked at the proportions of the lymphocyte subsets while the studies in HIV

patients looked at absolute counts (Tsegayeet al., 2003; Malaspina et al., 2006), further
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suggestingthat changes intheproportions of lymphocytes do not alwaysmirror changes'
, ,

inabsolute counts.

exposure

. " " ."' .
, '

5.2;Temporal changes inEBV viral loads infants from areas with.divergent.malaria

, "

, '

Several studies indicatetheEBV viral-load in African children depends on malaria

transmission dynamics, age .and severity of malaria disease (Moormann et al., 2005;

Yoneet aI., 2006). However, the limitations ofthese studies were that they were mainly

cross-sectional studies investigating children above 2 years of age: 'To' continue

informing,this debate, a longitudinal cohort .study, looking at the abovefactorswas

carriedout in children aged one to two years in two geographically proximate study sites

with divergent malaria exposure. The findings of this study support previous studies

(Moormannet al., 2005), depicting study site and age related differences in EBV viral

loads. The increased EBV viral loads in children from Chulaimboas compared to

Mosoriotat 12 and 18 months suggest that children from Chulaimbo suffer from prenatal

infectionwith EBV leading to acute primary EBV infection early in life (de-The, 1977;

Engels,2007). Ail alternative explanation to this scenario is that the elevated viral loads

resultfrom defects in humoral immune response at early age due to deregulated immune

responsein infants from malaria endemic regions as demonstated by low antibody levels

inChulaimbo infants at 12 months.

5.3.Bscellcompartment in endemic Burkitt's lymphoma patients

EndemicBurkitt's lymphoma is a highly aggressive B-cell lymphoma thought to arise

fromarrested maturation of germinal center B-cells (Refaeli et aI., 2008; Scheller et al.,
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bloodofBLpatients.

2009; Leucci et at; 2(10). Inaddition,recent studies.suggestthatBl. tumor cells are'
. .

derived from BCR-deficient B-cell precursors (Bechtelet al., 2005; Maricao et.al., 2005;

Mancao and Hammerschmidt, 2007) .. A previous observation raised the possibility that
. .

elevated EBV viral loads reported in BL patients is due to increased circulation of BL
." ". . ."..

tumor cells in peripheral circulation (Moormann et al., 2005). To test these possibilities
. - .'

this study analyzed Bvcell phenotype~ and EBV viral loads in BL patients and in age and
.. .

sex-matched controls r The results demonstratethat there is a profound perturbationofB-

cell homeostasis in BL patients; IIi addition, BL tumor cells are absent in the peripheral.

While B-cell receptors are a pre-requisite for the generation and survival of mature B-
. . .

cells and in determining the size and/or the frequency of lymphoid compartments during

immune responses (Refaeli et al., 2008; Hoek et al., 2009), the· existence of BCR-

deficient B-cells in the peripheral blood of patients with EBV associated disorders (solid

organ transplant patients and post-transplant lymphoproliferative disorders) have been

reported (Schauerer al.,2004; Schauer et al., 2009) .. These data further extend to

demonstrate the presence of BCR -deficient B-cells in the peripheral blood of BL patients.

This population represents apoptosis-prone B-cell subsets that are normally eliminated

through negative selection during germinal center reactions (Rajewsky, 1996; Bechtel et

al., 2005). Although the exact mechanisms that lead to the expansion of these B-cell

subset in peripheral circulation ofBL patients are still not clearly understood, both EBV

infection and/or tumor. associated immunosuppression are thought to be the main co-

conspirators in interfering with germinal center or peripheral negative selection check
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points resulting in peripheral Circulation ofIgnull B-cells (Bechtel et al., 2005; Mancao

et al., 2005; Mancaoand Hammerschmidt, 2007). Interestingly, HCR-deficiency has also

been shown to block B-cell differentiation and disrupt splenic architecture, two steps .

critical in B-ce11 lymphomagenesis (Hoek et al., 20Q9; Leucci et al., 2010). Taken

together, these data further support the proposition that malignant B~cell clones in BL

patients are derived from BCR-:negative B-ce1ls subsets.

·Ofnote, is the observation of BCk-deficient B-cells in the peripheral circulation of
. ,',

children with asymptomatic P. falciparum malaria infection from. a malaria endemic ...

region; showing that Pi.falciparum infection lead toaberrancies in B-cellhomeostasis.

Interestingly, a previous study had shown that acute clinical malaria is associated with

elevation of immature transitional B-cells in children from a malaria endemic region.

(Asito et al., 2008). However, this study did not look at the surface expression of BCR.

Although, the exact mechanisms that lead to accumulation of this subset in peripheral

blood of these children is unclear. One possibility is that chronic antigenic stimulation

within the context of chronic infection with P. falciparum interfere with peripheral Or .

germinal center negative selection check-points in children from malaria endemic settings

leading to release of BCR-deficient B-cells into peripheral blood (Aloisi and Pujol-

Borrell, 2006; Schauer et al., 2009). Alternatively, the long term EBV viral re-activation

common in malaria endemic settings (Rasti et al., 2005; Prriou et al., 2009), lead to

increased release of EBV virions that infect immature BCR~negative B-cells and rescue

them fromapoptosis, thus leading to development of malignant B-cell clones. In fact,

elevated.frequencies of immature B-cells have been reported in children from malaria
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endemic settings (Asito et aI., 2008). This subset is not only susceptible toEBV .

infection as compared to memory B-cells, but also express elevated levels of inicroRNA

(hsa-miR-127) which is important in blocking B-cell differentiation (Capolunghi et aI.,

2008; Leucci et al., 2010). Furthermore,stimulation of this sub-population with

unmethylated bacterial DNA (CPG) through Toll-like receptor 9 (TLR-9) leads to

constitutive expression of activation induce deaminase (AID) genes critical·· III

potentiating c~myc translocation importantinBl, lymphomagenesis (Capolunghi etal.,

2008; Refaeli et aI., 2008). P. falciparum also expresses a ligand for TLR-9 important in

recognition of unmethylated double-stranded DNA and this drive expansion of latently
. .

infected Bvcells thus predisposing individuals from malaria endemic settings to develop

lymphomasIl'ichyangkul et aI., 2004).

Lack of expression of functional BCR on B-cells can be explained by several models.

The first model proposes down-regulation of transcription genes for heavy and light

chains (Bechtelet al., 2005), while the second one proposes that deleterious mutation

.occurring post-transcriptionally lead to the inability of light and heavy chains to pair and

form functionalBCR (Jochner et al., 1996; Rajkumar et aI., 2005), while the third model

postulates that failure. of B-cells to undergo isotype class switching result in Ig mill Boo

cells (Schauer et aI., 2004), Given that there were no differences in the levels of serum

free K or A chains in the BL patients as compared to controls and the fact that their levels

were within the normal ranges reported in healthy individuals (Katzmann et al., 2002),

suggest that lack of expression of BeR on these B-cell subsets in BL patients and

controls is not due to cytogenetic aberrancies that prevent pairing of heavy and light
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chains to form functional BCRbutisdueto post-transcriptional mechanisms that down-

regulateBCRexpression on ImV transformed Bvcells (Bechtel et aI., 2005; Leucci et 'al.,

2010)._Alternatively, LMP2acan act as surrogate BCR in EBV-infected BCk-deficient

.B-cells, thus negating the need to develop a functional BCR in order to survive tn

peripheralcirculation (Mancao and Hammerschmidt, 2007).

- . .

In contrast to an earlier study that hypothesized that ele\rated EBV viral load in BL

patients .result from increased circulation of BL tumor. cells in peripheral blood

(Moormannet aI., 2005), this study revealed that there is no detection of BL tumor cells

(CDI9+CDI0+CD77+) in peripheral circulation ofBL patients. Arguably, EBV infection-

candown-regulate the expression of typical gerrninal.:.center·B-cell markers also used as

markers of BL tumor cells, hence the lack-of detection of these cell types using flow

cytometry (Bechtel et al., 2005; Schauer et al., 2009; Leucci etal., 2010). However, the

detectiongerminal center (CD19+CD38+CD1O+}B-cells in peripheral circulation in the

present study had a lower frequency in BL patients, suggesting that down regulation or
- -

loss of BL tumor markers can not explain the lack of detection of BL tumor cells in

peripheralcirculation. Thus far, these data suggest that elevated EBV viral loads reported

in BL patient is not due to increment of circulating tumor cells but associated with EBV

infection of other B-cell subsets. Indeed, previous studies have demonstrated that EBV

persistence in peripheral blood is restricted to the CD5- (B2) B-cell compartment (Joseph

et aI., 2000b; Schauer et aI., 2004;Schauet et aI., 2009). There was a positive correlation

between atypical memory (CDI9+CD27-CD5-) B-cellssubset with EBV viral loads in

both the plasma and PBMCs compartment in BL patients in the present study, further
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demonstrating.that there is enhanced or restricted EBVpersistence III this subset.

Moreover,there was a marked increase in the frequency of this subset in BL patients as

comparedto the healthy controls, which also mirrored differences in EBV viral loads in

BL patients and controls. Additionally, there.was a positive correlation between another

CD5- B-cell subset (CD19+CD5.,CDlO-R·cells) with plasma EBVviralloads suggesting

thatincreased viral reactivation within this subset is contributing to the elevated plasma

.EBVviralloads inBL observed in the current study.

ElevatedEBV viral loads in BL patients and other EBV-associatedlymphoproliferative

disordersresult from defects in cell-mediated immune responses (Stevens et. al., 2001;

Moormann et al., 2005; Moorrnannet al., 2009; Rowe et al., 2009). Although,the

cellularbasis of these immune responses in BL patients are still not clearly understood;

severalstudies have demonstrated that CD5+ (B 1) Bvcellsthat consist of long lived, self-

renewingBicellsthat produce poly-reactive IgM antibodies, playcritical roles in immune

defenseagainst both bacterial and viral infections (Josephet al., 2000b; Hansen et al.,

2002), Consistent with these previous studies, this study also reports a negative

correlation between CD19+CD27+CD5+ memory Bvcells with both the PBMCs and

plasmaEBV viral loads in BL patients suggesting that this subset is important in immune

controlagainst EBV. Although, the mechanisms that mediate depletion of this subset in. '.

peripheral circulation of BL patients are still unclear, earlier studies in Sjogrens

syndromepatients attributed a reduction of this subset inperipheral blood to increased

traffickingto the inflamed sites (Hansen et al., 2002). The other B-cell subset important

inanti-microbial defense is the non-class switched memory Bvcells (CD19+IgD+CD27+
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B~cells).(Weller it al., 2008). Depletion of this subset in the peripheral circulation in

both human and murine models is associated with apoptosis induced by viral"

superantigens (Viau et aI., 2007). Moreover, loss of this subset in HIV patients is

associated with reduced immunity to blood-borne pathogens (Jacobsen et aI., 2008).
,- . .- ",

Thus, the reduction in the frequency of this subset in BL patients either through apoptosis

or reduced splenic outputas a result of the destruction of splenic architecture or arrested

maturation of BCR-deficient .8-:cells .inBl, patientsj'Jacobsen.erci., 2008; ..Weller·et al.,
. . .

2008; Hoek etal., 2009), can lead to reduced immunity to EBV, further leading to the
. .. .' - . -

.elevated viral loads observed in the current study. Interestingly, this study also reports an
. . . .

independent negative correlation between this subset andPBMCs EBV viral loads in BL .
.... : "

patients suggesting that this subset plays an important role in either controlling viral

replication or elimination ofEBV-infected Bscells.

Previous studies have shown that expansion of CD 19+JgD-CD27- memory B-cells is

associated with immune responses during pathogenic infections and in autoimmune

diseases (Jacobi et aI., 2008). Recently, studies in both HIV and P. falciparum

infections have associated expansion of this subset with immune hyporesponsiveness

(Moir et aI., 2008b; Weisset aI., 2009). This study also report expansion of this subset in

BL patients as compared to controls, with frequencies in BL patients being comparable to

those observed in autoimmune diseases and bacterial infections (Jacobiet aI., 2008).

In humans, CD 10 is a marker for bone marrow B-cellprogenitors and activated germinal

center founder B-cells or BL tumor cells (Sims et aI., 2005; Cuss et al., 2006). In
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peripheral .. circulation, CD 19+IgD+CD 10+ B-cells are thought to represent

. immature/transitional B-cells (Sims etal., 2005; Cuss et al., 2006). Studies have shown

that elevation of this subset during HIV and P. falciparum infections is associated with

impaired humoral immune response (Malaspina et al., 2006; Asito et al., 2008). In

. contrast to these findings, this study. reported reduced frequency of immature transitional

Bvcells in BL patients as compared to controls. Thus, it is plausible that the depletion of

this subset in periphera] circulation and the independent negative correlation between

plasma EBV viral loads and this subset indicate that the ongoing viral replication

enhance the destruction of this subset through apoptosis (Ho et al., 2006; Moir etal.,

.2008b). Alternatively, blockage of Bvcelldifferentiation due to the BCR-deficiency in a

..majority of the B-cells also lead to reduced frequency of this subset in BL patients (Hoek

et aI., 2009).

5.4. EBV reactivation in BL patients

This study. also set out to examine whether there was a difference in EBV antibody

responses in BL patients with different clinical presentations, e.g. abdominal Of jaw

tumors. In addition, this study wanted to examine whether there were elevated Zta

antibody levels in BL patients relative to age and gender-matched controls. The results

of this study revealed significantly higher levels of antibody against Zta IgG in all BL

patients compared to malaria exposed-matched controls and significantly higherlevels of

Zta IgG in children with abdominal tumors compared to children with jaw tumors. These

data suggest that the underlying clinical differences observed in site of BL presentation

could be potentially related to differences in EBVbiology.



A definingcharacteristic of patients with nasopharyngeal carcinoma (NPC), another

EBV-associa,ted malignancy, is elevatedanti-ZtalgG and plasma DNA levels (Blay et

al., 1995; Drouet et al., 1999; Dardariet al., 2008). These data extend theseobservations

to BL, where there was significantly elevated anti-Zta IgG as well as anti-VCA IgG and

plasma viral loads in BL patients,. relative to controls. Of note is that the elevated. Zta
. . .

antibody levels correlated with elevated viral DNA in the plasma. That both of these lytic

antibodies and viral DNA are high could be linked to increased viral re-activationin the

tumors or to increased viral re-activation from latently-infected cells preceding the

emergence of the malignancy. This latter possibility was supported bya previous study

demonstrating that elevated anti- VCA antibodies in children precedes the emergence of

BL (de-The et a!., 1978). The former is supported by evidence of EBV lytic gene

expression in a subset of cells within endemic BL tumors (Araujo et a!., 1996; Labrecque

et a!., 1999; Xue et al., 2002; Fujita et a!., 2004) and.jhus, could lead to elevatedplasma

viral loads following release of virus from lytically-infected cells. What is surprising is

that there is no difference in levels of EAd antibodies between controls .and patients

suggesting that the correlation between elevated plasma EBV DNA and BBV lytic re-

activation is complex. No significant differences in EBNA-l antibody levels between

cases and controls were observed, consistent with previous study on EBNA-1 antibody

levels in BL patients using an ELISA-based method (Moormann et a!., 2009).

Interestingly, differences in humoral immune responses against EBV have also been

reported under a variety of different pathological conditions. For example, in HIV

patients, anti-VCA IgG correlates with EBVviralloads, while in solid-organ transplant
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patients,viralload correlates withbothanti-EA and VCA IgG titers (Rogers et al.,,19~7;

Stevens et at., 2007). Moreover, within a single EBVprotein,that is, Zta, different

epitope responses have beendescribed for different EBV -linked disease entities, such as
. . "... '" ." '. . .....

infectious mononucleosis, NPC and non-Hodgkin lymphoma (Tedeschi et al., 1995).

Further studies looking at EBV antigen: gene transcription patt~ri1s are needed to

understand the nature of EBVpersistence and re-activation in patients with EBV-

associated malignancies to determine if there are underlying alterations in the pattern of '

,EBV persistence that might precipitate or predict the emergence of a malignant clone.

This study found that BL patients with abdominal tumors had .higher levels of both anti-

Zta IgGand plasma DNA levels compared to patients presenting with tumors in the jaw.

Although the mechanisms that lead to the elevated anti-Zta IgG and plasma DNA levels

in the, abdominal tumor patients is still unclear, it could result from increased tumor

burden in this group, which is indicated by the higher plasma LDH levels observed in

these patients. In NPC, tumor burden has also been associated with elevatedanti-Zta IgG "

and plasma DNA levels (Blay et al., 1995; Shao et al., 2004). However, the question as

to why there are also no concomitant increases in VCA or EAd IgG levels in the patients

presenting with abdominal tumors, need to be addressed. In one study of BL, only mRNA

from Zta could be detected in the tumors but not rhRNA from another lytic transcript

(Labrecque et al., 1999) suggesting that there is an abortive lytic cycle in the tumors.

Chronic exposure of children to P. falciparum malaria has been etiologically linked to

Burkitt's lymphoma (de-The etal., 1978; Rochford et al., 2005; Thorley-Lawson and
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Allday, 2008). In support of these previous studies, two recent case control studies

demonstrated that BL cases had elevatedanti-P. falciparum antibody titers compared to

controls (Carpenter etal., 2008; Mutalima et al., 2008). However, in contrast to these

studies, the present study found no' differences in IgG levels to a broad panel of pre-
.' . .". ' .. ' ...." .

. ." .~ ."..

erythrocytic and erythrocytic antigens from the two common circulating P. falciparum

strains (3D7 and FVO) in BL patients and controls. Discrepancies between these studies
. .' ~

andthe current findings can beattributedto differences in study design. This study used

controls from an area that has high incidence of BL and .experiences persistent P.

falciparum transmission{Raineyet al., 2007a), while in the previous studies, the controls

were sick children presenting at the hospital with malignancies and non-malignant
, .,

conditions and were from primarily urban ar~as as compared to the cases (Carperiter et

al., 2008; Mutalima et a!., 2008). This study chose a population-based control group

because most children admitted to the Nyanza Provincial General Hospital for non-

malignant illness are from: Kisumu city whereas the children with BL are typically from

rural regions within the Province (Rainey et a!., 2007b). This was true for the study'

.'population. of this study as. all theBL patients in the current study were from rural

settings. Thus, since both the cases and controls are from rural areas where malaria

burden is higher than in cities, it is more likely that the cases and controls have similar

exposure to P. falciparum. However, one limitation of the current study was the small

sample size; hence the need to carry out further studies with larger sample sizes.
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5.5.Hematological parameters in Bl; patients

.. ..

Anemia is the most common hematologicalabnom1ality associated with lymphomas

(Moullet et al., 1998; Caro et al., 2001; LUdwig et al., 2004; Birgegard et a1.,20(6).

While it is evident that the severity of anemia is closely related to tumor progression or

burden (Bhattathiri, 2001; Teuffel et. al., 2008), discrepancies on both the incidences and

theimpactof.anemia on patient survival outcomes based ontumor sub-types have been

reported (Advani et al., 1997; Birgegard etal., 2006). It is also worth mentioning that

there is paucity of data on the impact of anemia onBL outcomes in sub-Saharan Africa.

In addition, despite the fact that. studies have demonstrated the utility of elevated plasma

EBV viral loads as prognostic markers of tumor metastasis (Shao et al., 2004), no study

has addressed the association between EBV viremia and anemia, and their possible

impact on the BL patient's outcomes. This study demonstrates that anemia is associated

with EBV viremia, and that both anemia and EBV viremia are associated with poor

outcomes in BL patients.

Low hemoglobin levels have been associated with high grade lymphomas, with severity

of anemia being recognized as a prognostic marker of tumor burden (Conlan et al., 1991;

Moullet et al., 1998; Bhattathiri, 2001; Birgegard et al., 2006). The present study has

demonstrated that there is a negative correlation between elevated plasma EBV viral

loads or tumor burden with both Hb levels and RBC counts in BL patients, suggesting

that enhanced EBV viral replication or enhanced tumor burden are involved directly or

indirectly in the pathophysiology of anemia in BL patients. Moreover,in a multiple

logistic regression model, EBV viremia was retained as an independent predictor of
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· anemia; thus elevated plasma EBV viral loads canbe significant in driving emergence of

anemia in BL patients. Taking into account that severity of hematological abnormalities

in .HIV patients are dependent on enhanced viral replication (Kirchhoff and Silvestri,

2008; Dikshit et aI., 2009), the difference in the frequencies of anemia observed between

the BL patients and controls reflect differences in EBV viral replication orchestrated by

underlying. tumor burden or aggressiveness in BL patients .• Besides,BL patients who had

elevated plasma EBV viral loads and heavy tumor burdenalsopresented with the highest

frequency. and suffered more from severe anemia. ·These.data support earlier observations

that high grade lymphoma patients have low Hb levels .and present with the most severe

anemia (Conlan et al., 1991; Teuffel et aI., 2008). Interestingly, the frequency of anemia

inBL patients is comparable to that reported in multiplemyeloma patients with advanced

disease (Birgegard et aI., 2006). Thus, the use of EBV DNA levels in plasma, in

combination with severity of anemia, is clinically significant in ascertaining the degree of

tumor aggressiveness or burden inBL patients.

Although the exact patho-mechanisms that underlie the emergence of anemia III

lymphoma patients are unknown, impaired erythropoiesis and perturbed iron homeostasis

as a result of chronic inflammation and/or oxidative stress are thought to play critical

roles (Goodnough and Bach, 2001; Brugnara, 2003; Weiss and Goodnough, 2005)~

Inflammatory responses including production of pro-inflammatory cytokines, for

example, TNF-a and IL-1, controls hematopoiesis in the bone marrow and have been

implicated in enhancing granulopoiesis (Ueda et al., 2005). Interestingly, this study also

report elevated granulocyte counts in the BL patients relative to the controls, thus the
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differences in granulocyte counts between BL patients and controls indicate differences

in the underlying inflammatory response or disease status (Ueda et a!., 2004). 'Of note,

however, is that these pro-inflammatory cytokines do not only potentiate granulopoiesis

but also induce anemia in lymphoma patients {Moullet et al., 1998). In addition, under

chronic inflammatory response, enhancedvgranulopoiesis lead to oxidative stress
, ,

associated with organ failures (Benz and Yau, 2008; Sugiura and Ichinose, 2008).

Another hallmark of chronic inflammation are increased RDW levels associated with

impaired iroilmetabolism," shortened RBe life span and reduced responses, to
.. . .

erythropoietin (Douglas and Adamson; 1975; Weiss and Goodnough, 2005). Indeed, the
, '

current study demonstrate an elevated RDW levels inBLpatients relative to the controls,

with BL patients havingthe most severe anemia and heavy tumor burden presenting with

the highest levels. Furthermore, BL patients presented with a higher MCR levels relative

to .the controls, suggesting that there is intense erythropoiesis in BL patients to

compensate for the destroyed RBC (Bhattathiri, 2001). However, this enhanced

compensatory mechanism lead to functional iron deficiency in BL patients as iron supply,'

can not be sufficient to maintain the increased levels of erythropoiesis (Goodnough and

Bach, 2001; Brugnara, 2003). In addition, increased blood loss due to gastro-intestinal '

bleeding in BL patients with abdominal tumors further compound iron deficiency (Weiss

and Goodnough, 2005). These mechanisms set stage for a concomitant presence of

anemia of chronic disease and iron deficiency anemia resulting ,in severe anemia

demonstrated in BL patients in the current study (Goodnough and Bach, 2001; Weiss and

Goodnough, 2005).
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.Other findings from the current study indicating that Severe anemia is associated with

poor outcomes in BL is consistent with previous studies in adult lymphoma patients and

inT-cell leukemia patients (Moullet et al., 1998; Birgegard et al., 2006; Teuffel et al.,

2008). This study also report that elevated plasma EBV viral loads at diagnosis are

adverse prognostic factor for overall survival in BL patients. In line with previous
. .' .

studies (Olowu et al., 2006; Teuffeletal., 2008), this study shows that the enhancedEBV

viral replication drivea multiple of patho-physiological processes associated with poor

outcomes such as organ failures in' BL patients. Although this study did not investigate

changes in erythrocyte indices following administration of cytotoxic drugs to these

patients, cytotoxic drugs have been shown to be cyto-reductiveand· aggravate anemia
." ."

leading to high mortality rates in cancer patients, especially in children presenting with

lowHb levelsat diagnosis (Olowu et al., 2006; Baimpa et al., 2009). More importantly,. '," , -

anemia-induced tumor hypoxia can result in tumor resistance to some cytotoxic drugs in

lymphoma patients and consequently enhance tumor growth and mortality in lymphoma

patients (Rudis et.al., 2004).
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.'CHAPTER SIX.

6.0. SUMMARIES, CONCLUSIONS AND RECOMMENDATIONS

6.1. Summaries

1.. These data demonstrate that there are profound differences in B-cell homeostasis

in infants based on age and P. Jalciparum transmission dynamics i.e. infants from

Chulaimbo (a -.malaria endemic region) have elevated proportions of exhausted

atypical memory B-cellsand low frequencies of non-class switched memory B-
. .

cells, . compared to infants from Mosoriot, an area with sporadic malaria

. transmission pattern. In addition.iinfants from Chulaimbo have low levels of both

total Ig and IgO at 12 months, indicating that they have impaired humoral

immune response to several pathogens early in their life.

2. Infants from Chulaimbo, a malaria endemic region have elevated EBV viral loads

early in life compared to infants from Mosoriot (an area with unstable malaria

transmission).

3.. BL tumor abrogates bone marrow negative selection checkpoints, leading to

increased peripheral circulation of BCR-deficient B-cells. In addition, there are no

BL tumor cells in peripheral circulation, hence the elevated EBV viral load

reported in BL patients cannot be attributed to increased peripheral circulation of

BL tumor cells.

4. Children presenting with abdominal BL have elevated plasma EBV DNA,

paralleled by elevated IgO levels to Zta, compared to children presenting with jaw
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tumors, suggesting differences in underlying pattemsof EBV replicationinBl. .

patients based on site of tumor presentation;

5. BL is associated with a vast array of hematological abnormalities which depend

on the tumor burden or severity of disease at diagnosis. In addition, as a result of

these abnormalities, there are intense hematopoietic compensatory mechanisms

taking place inBL patients as evidenced by both anisocytosis (variations in red .

cell sizes) and granulopoiesis.whichresultin oxidative stress in the BLpatients,

consequently leading to fatal outcomes ..

6. These data also demonstrate that severity of anemia in BL patients depends on the:
'. . '. .

. level of EBV viremia and that both parameters (viremia and anemia) are adverse
. .' .

prognostic risk factors for overall survival of BL patients and. that .thesetwo

parameters provide valuable information for risk stratification in BL patients. .

6.2. Conclusions

1. Children from Mosoriot, an area with unstable malaria transmission have

elevated levels of non-class switched· marginal zone B-cells

(CD19+IgD+CD27+) B-cells critical in humoral immune response against

encapsulated bacterial and viral infections compared to children from Chulaimbo

(Malariaholoendemic area)

2. Early exposure to P. Jalciparum infection drive frequent EBV viral reactivation

in infants from malaria endemic regions leading to elevated EBV viral loads

early in life .
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3. Perturbation of peripheral B~~el1homeostasis in BL patients abrogates negative

selection check points in BLpatients leading to increased circulation of BCR~

deficient B-cells in peripheral circulation.

A. Abdominal tumor patients presentwith high levels of plasma EBVDNA and IgG

levels to Zta·compared to jaw tumor patients thus these two parameters can be

used as relevant biomarkers for tumor progression and tumor staging.

5. Hematological abnormalities inBL patients are associated with the tumor burden

or disease severity at diagnosis,

6. Both.EBV viremiaand severe anemia are associated with ppor outcomes in BL

patients

6.3. Recommendations

-. .
6.3.1. Applications of the observations of current study

1. Since the current study has demonstrated a disturbing picture of both R·cells

homeostasis and humoral immune response deregulation early in the life of

infants, malaria vaccines for infants should be designed to guide the selection of

appropriate B-cell subsets that promote elaboration of efficient humoral immune

response against malaria parasite.

2. The results of this study demonstrate that early exposure to P. falciparum

infection perturb B-cell homeostasis and lead to elevated EBV viral loads in

infants from malaria endemic. regions. Together, these observations argue for

scaling-up of malaria exposure reduction programmes in malaria endemic regions

as these· will serve the double goal of preserving B-cell development programmes
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in infants early in life and also preventing EBV viral reactivation common in

malaria endemic regions thus reducing the incidences ofBL.

3. This study demonstrates that flowcytometric detection of BCk-deficient B-cells

in peripheral B-cells should be used as one of the clinical biomarkers of

peripheral B-cell homeostasis perturbation in BL patients and children from

malaria endemic regions.

4. The resultsof.the current study demonstrate that both elevated plasmaElfV viral··

loads and anti-Zta IgG in BL patients are-relevant clinical biomarkers forBl,

tumor metastasis andean also be used to confirm BL presenting in theabdominal
. . . .

regions. Therefore, these two parameters are useful clinical indicators for early

detection and prognosis of BL tumors during and after chemotherapy in BL

patients.

5. The observations in this study demonstrates that there IS intense erythrocyte

hematopoietic compensatory mechanisms in BL patients that lead to Iron

deficiency hence iron therapy should be included in therapeutic management of

BL patients.

6. The demonstration that both severe anemia and elevated plasma EBV viral loads

are associated with poor outcomes in BL patients indicates that these. two

parameters can provide valuable information for risk stratification in BL patients.

This will help in refining the therapeutic and management strategies against BL

tumors.
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6.3.2~Recommendation for future studies

1. There is need of future studies to address the effects of early depletion of non-

class switched memory (CD19+IgD+CD27+)B..,cells and expansion of atypical

memory (CDI9+IgD-CD2T-CD211owFCRL4+) on functional immunity of infants
.' .

from malaria endemic regions and whether P. Jalciparum exposure reduction

programmes [insecticide-treated bed-nets (ITBN) and intermittent preventive
. .

therapy in infants (IPTi)] directed atboth the pregnant women and their newborns

can preserve B-ceH development programmes in infants from malaria endemic

regions.

2. There is need for extensive studies on peripheral B-cell subset distribution 'and

mechanistic studies looking at molecular changes that accompany these

phenotypic changes, in addition, to measurement of antibody levels or titers

against P. falciparum antigens in future clinical trials of malaria vaccines in

pediatric populations. This will provide critical insights on the cellular and

molecular mechanisms underlying the generation of humoral immunity in

children before or following initiation of immunization programs. Together, these

data will help in designing vaccines that are safe and successful against P.

falciparum parasites in pediatric populations.

3. Since this study has demonstrated that EBV gene,BZLFl and its protein product

Zta are of key importance in infection during BL and there are differences in Zta-

specific IgG levels in patients presenting with abdominal relative to jaw tumors,

but other studies inEBV -associated disorders have shown a similar role for
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another gene, BZLFl, and its .protein product, RTA. There is need of future

studies to elucidate if Zta has dominant viral proliferation function in one set of

BL tumors, and RTA in the other set. This will be critical in developing relevant

clinical biomarkers for tumor burden based on EBV serology and also in refining

vaccine strategies against tumors based on the site of tumor presentation.

4. There is need of studies focusing on the molecular and phenotypic markers of the
. .

BeR-deficient B-cell subsets described ill the current study: Understandingthe

molecular, signaling and trafficking;molecules that allow BCR-deficient Bvcells

to survive in peripheralblood will provide critical insight into BL pathogenesis

and help in refining therapeutic techniques againstBL.

5. The results of the current study indicates that there is need to carry out multi-

center prospective studies with larger sample sizes in BL patients in Africa to

elucidate the clinical usefulness of parameters associated with poor outcome, such

as EBV viremia, tumor burden, inflammatory immune responses, enzymopathies

and hemoglobinopathies, in order to come up with immune correlates associated

with improved quality of life in BL patients. This strategy will help in refining

therapeutic andmanagement approaches againstBl..
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