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" ABSTRACT

Repeated challenge of the immune system by chronic exposure to high antigen levels due to
: pers1stent infection may lead to development of 1mpa1red T-cells that are not effective in
‘ med1at1ng immune functions. Malaria and EBV are two agents that have been implicated in the
aetlology of Burk1tts lymphoma However, the precise mechanism is unknown but
: exhaust1on/1mpa1rement of immune cells has been 1mphcated Programmed death-1 (PD 1) is an
| ‘immune inhibitory molecule that negatively regulates activated immune cells upon interacting
with its ligands, programme(l death ligand-1 (PD-L1) and programmed death ligan_d-Z (PD-L2)
resulting 1n down-regulation of immune responses. ‘Pr‘evious. studies in murine and primate viral
) .'"ahd'para,‘si'tic diseases have rep'orted'the up-regulation of PD-1 and soluble PD-1 (sPD-1) but no
studies have reported the expressmn of PD-1 in individuals from areas with divergent malaria
’_‘-.','transmlssmn dynam1cs or in ch1ldren presentmg with endemic Burkitt’s lymphoma (eBL). A
: cross-seetlonal study was carried out in three distinct populations; Kokwet (unstable P.
3 : fallcilyarum, tran_smission), Kanyavyegi (malaria holoendemic) regions of Westem Kenya and
;lchi’ld_r'en' with eBL from New Nyanza Provincial General Hospital. PBMC’s were stained for
: lymphocyte and PD-1 expression markers and data acquired using a four color flow cytometer.
In addition, soluble PD-1 in plasma was quantified by ‘Enzyme Linked Immunosorbent Assay
| :(ELISA) in individuals from Kanyawegi, Kokwet and BL. This study reports anv increased
'_ expression of PD-1 in Kanyawegi compared to Kokwet [(CD4"; p<0.0001), (CD8"; p=0.0078),
£ (CD19™; p<0.0001) and (CD56"; p<0.0001)] and a significant elevated surface expression of PD-
1 in children with BL [(CD4"; p<0.0001), (CD8"; p=0.0418), (CD19"; p<0.0001) and (CD56";
p<0.0001)] when compared to age matched children from Kanyawegi and Kokwet.
Concentration of soluble PD-1 was Vsigniﬁcantly increased in BL compared to Kanyawegi and
- Kokwet (p=0.0074). These data indieate that co’r.ltinuous exposure to malaria upregulates P-D-l
expression and this upregulation- rprovibdes an insight on how malaria modulates immune

functions and in turn may contribute to the pathogenesis of eBL.
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. CHAPTERONE

 1OINTRODUCTION
Background inf(.)i"l}n»atiovn e

y ana, a diééaée caused byv parasites of the genus Pla'smodiufn is o:n‘e' of the deadlliestvvinféctioﬁs
éeeiées'and ﬁa$ proved to be a significant ‘thfe’_at to humén h'ealfﬁ esp.e_cl:ially in c‘hil_dren' under the
é.'(_)f 'ﬁv’ei;Itj' is ésti_mated tha_it 247 million clinical cases of malaﬁa' aﬁd nearlykl million deaths
.t_o inalaﬁa a.revrep(;rtgd each year most, of them i children in equatérial Aﬁica (WHO_, 2008).'
t._of_ A_rnala’riaf’felafé:d de;ﬁhs are caused by Plasmodium fél¢qjdrum infection, Which Sr ks
- 91% of all malaria cases svctlisuds, it children under e, e ot 50 Boing 6 ot

3l

vulnerable (WHO, 2008).

3 Studies have shown't'hat unmumty to malaria dévelOps gradually following repeated exposure and
3 1thas been suggested that immunity to malaria in children living in endemic areas is acquired onfy
_-'aﬁef a few infections (Gupta et al., 1999). The‘contributioﬁ of B-cells, T-cells and_’NK-cellsA
] _‘"togéther with their antibodies and cytokines is essential to the' development of natural immunity

~ (Winkler er al, 1999). T-cells are important in the induction and maintenance of immunity to

(Perhﬁann' and Troye-Blomberg, 2002). B-cells plays a crucial role in the deveiopment of

1mmumty to malaria and the antibodies they produce are also an important component of naturally

' Blomberg, 2002, Gupta ef al., 1999).

- malaria and the cytokines they produce are important mediators of Celiular effector functions

‘vauired immunity that develops following repeated malaria exposure (Perlmann- and T'I'Oye'b




enya, the pattern of malaria transmission varies across the country with the Lake Victoria
ior eXperiencing high, pen'ennial transmission (holoendemic malaria) while the highlands of
stern ‘:K'enya experience low transmission intensities (hypoendemic malaria) (Snow et dl,

97). Malaria infection causes a complex pattern of immune modulation and this may have an

ct on the immune response to other infections like EBV.

n: Barr Vlrus (EBV) is av gamma-herpes virus that belongs to the fam1ly of
.;taherpesvmdae (Babcock et al 1998) Epstein Barr v1rus one of the aetrologlcal agents of '
Bu krtt s lymphoma, 1is a B-cell lymphotroprc virus and has the ab111ty to Irnr'n'ortallze B-cells. |
Vwas vﬁrs’t discovered m cultures of BL tumors in tropical Africa and overv90% of Burkitt’s
‘, .' phoma tumors contam EBV (Epstem et al 1964) |
demlc Burkrtt’s lymphoma (eBL) is a cancer that affects chrldren aged between 2 and 15 years
age (Mwanda et al., 2004). It accounts for up to 74% of all childhood mal1gnan01es in Afnca :
d is the most prevalent pedlatnc cancer in Kenya (Makata et al., 1996 Mwanda et al 2004)
‘The geographlc dlstrlbut1on of eBL 1n01dence coincides within malar1a holoendemic regions
4 where P. falczparum malarla 1nfect10nsi are often chronic or repeated ‘early in life (Ramey' et ctl.
:-2007) Malarla co- -infection w1th EBV have been implicated in the pathogenesrs of eBL (Rochford
et al 2005) although the precrse mechamsm by which these two agents lead to the pathogenesrs
; of eBL is poorly understood, however down regulation of i immune responses is one mechanism |
that has been 1mp11cated A number of molecules hke CTLA-4, BTLA-4 and PD-1 have been

; shown to down regulate immune responses during infection (Greenwald et al,, 2005).

E
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I ed death-1 (PD-1) isa cell surface molecule that is mainly expressed by activated B-
:CDZ-}* T;¢e11s, CD8+vT;cel_Is aﬁd myeloid cells (Riley, 2009). PD-1 binds to its lig_ands,r
k.. ed death ligand-1- (VPD'-.LI')' and programmed death ligand;2' (PD-L2) and’-the_

02 gement of PD-1 te its ligands transduces a signal that inhibits T-cell proliferation, cytokine

) dﬁdn and cytolyfijc aetivity (Freeman et ql.’_, 2000; Latchman ef al., 2001). PD-L1 and PD_-LZ |

e 'npneéulated _upon" activation ori | inteﬁeron-gMa : (IFN-Y) treatment of monocytes iand-- |
nccells (Freeman et al., 2000). PD-1 and its ligands are negative regulators of T-cells as in

0 and deafment of T-eells with anti-CD3 results in impaired T-cell proli-fenafnion’and'.IFN;y A

production (Freeman ef al., 2000).

S dleshave reported upr_eghlation of PD-1 in both,mnrine and primate viral infections (Petro_yfas__ B
ld_, 2006 Tnautmann 'et al., 2006 and ‘Barber et aln. 2006). in mnrine rned.els. lymnhocyfie
‘fonomenengms virus (LCMV) spe01ﬁc CD8 T-cells express high levels of PD-1 and in vzvo»_ |
!lockade of th1s pathway reverses the' “exhausted” CD8" T cells and reduces the viral loads
(Barber et al., 2006). In human, 1t has been shown that PD-1 is upregulated on HIV spec1ﬁc CD8 .

;T—cells and that blockmg this pathway leads to an increased T-cell prohferatlon and effector'

'functions (Petrovas et al., 2006; Trautmann et al., 2006).

A_l,'2 Problem Statement

. iThe reason ,why children from malaria endemic regions have a highen incidence of eBL compared
to chil'dfen from regions where malar_ia is hypoendemic is 'net fully understood but previous 'v
f s‘hidies have demonstrated that children residing in malaria holoendemic areas have impaired" ',

f EBV-specriﬁ'c IFN-y preduction measured by ELISPOT (Moormann ef al., 2007) and an abnormal



¢

ution of B-ceil subset (ASito et al., 2008). These- observations implicate chronic malaria
' ure as a_mecharliérn leading to lymphocyte eXhaustiori in the pathogenesisiof_ eBL. |

o e‘hal.l.enge. of the "imrnune system foll'c_iwing “persistent ‘in_fecti"ou leads tio'T-_c“ells ‘that
w_.t; rrle progressively dysfuncﬁohal and not effective in mediating_ immu;e functions (Wherry
.Ahmed 2004). Persistent viral infections herve been reported to be aséociated ) w1th
ctronally 1mpa1red T cells, showing reduced prohferatrve potentlal and effector functions

'erry'et al 2004) Followmg this observatron it has been suggested that this mrght be the

¢ ells have been termed as “exhausted” and have a reduced immunologic function. PD-1, a cell

, ’iﬁddel’s, ‘but it’s expression in indi'\?iduals with diverse P. falciparum transmission and exposure
fhisteﬁes or those presenting with endemic Burkittfs lymphoma has not been investigated.
- 1.3 Justification

e falc-ipa_rum malaria causes a complex pattern of immune-pertubation with modulation of T-

‘ by which malaria leads to eBL is still unknown but expansion of B-cell and suppression of
".1.-‘1speeiﬁc T-cell immunity have been proposed as two possible mechanisms. By compéring [FN-y

~ and IL-10 responses in healthy children from two regions of western Kenya with differing malaria

;_‘ of T-cell reéponses to EBV in children from malaria holoendemic region compared to children

- from epidemic prone area. This observation provides evidence that holoendemic malaria

" modulates EBV-specific T-cell immunity and alSo explains its role as a co-factor in the

|

A

'on for the 1nab111ty of the host to ehmmate per51stent pathogens (Barber et al., 2006). Such T-

s irface immune inhibitory molecule, is reportedly upregulated on the surfaces of activated cells in

gndrvrduals having '-viral'.'rnfections such as HIV, HCV, HBV in human, and in murine disease

!; cells having consequences in the immune responses to other infection like EBV. The mechanism

L transmission patterns (Moormann ef al., 2007), it was reported that there was an age related loss




alaria and in children presenting With'»endemic Burkitt’s 1y_mph(')mz'1‘ may further give us insight

‘n’i méchaﬁiSm that disrupt immune surveillance and permit pathogenesis of éBL.
: 1_0b’j¢¢tives of the study

1.4.1 General objective
To investigate the activat_idn'ir‘;duc,ed'exhaustioﬂ of 'Iymphocyte populations in individuals from -
i_ ve.ls:';with differential malaria traﬁsm.i"s'sidnpattems (hbloeﬁd_emic corhpared- to hypoe'nd'emic)b and

lin children presenting with endemic Burkitt’s lymphoma.

42 Specific objectives

3 1 :To determine the f_'r_e(iuéncy:of .PD-l‘ expréssion 1n iymphocyté subsets in indi\}id;iais from

- areas with differ_éntial.malaria‘transmi'ss_ion St andin bt endemiCBurkitt’s‘
| lymphoma. |

£ 2, To‘cvletermine and éompare the plasma levels of s'dlhble PD-'_l in age-matched children
: ﬁom two bareas differAing*‘in »mal'aria transmission paﬁem and in children Withendemic

- Burkitt’s lymphoma.- ;
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L5 Null Hypotheses 5
Thér:e“ éte ‘no differénges‘ 1n PD-1 expression on ,.lyinph'oéyté 's‘ub‘s:efs"in'indivi‘duals from
3 &ivergent'malaﬁé tranSiniésion iegioné and endemic Bﬁrkitt’s lmghomé;

;‘I_"I.lf_er__"evare. no . diffefences- _' in the concentration ‘of'.' plaSmei ‘PD-ZI 1n ‘vindiyiduals from

3 di\_{é_rgent malaria transmi_s'sion regions and endemic Burkit__tfs'lymphoma.' :

i Whatare the diffcréncé's' mpD' 1 eXPréSsiOﬁ in _1yinphgcyté SubSé?S 1n indiVi'duais- 3
| 'jé@éﬁencihg divergent halaria transmission patterns and in children with endemic

+ What eihe céricéﬁtratioi_{ léVels of soluble Pﬁ___i e thidre-n WIth enaérhic s
- :'-'lymphoma and iﬁ,ag‘? @atéhed c:Oerls ﬁomva'rea'-sr\vavi'th diverger;t ma,lar'i.'av transmiésion

patterns? -




CHAPTER TWO

2.0 LITERATURE REVIEW

-

<

.1 Malaria, Malaria Transmission, Morbidity and Mortality
aria is a vector borne disease that is caused by protozoan parasites of the genus Plasmodium

{u 1s transmltted from person to person by the bites of an 1nfected female Anopheles mosqulto

: r’ted:nyearly (WHO -2008) and it is estlmated that 86% of all- clinical cases of malaria occur in

}t‘zlc_’iparuné[ '

In 'a‘ddition ‘to acute infections with malaria and deathsA in Africa, ‘bmalaria also contributes
s1gmﬁcant1y to anenria in children and pregnant- women which may intern lead to adverse birth
...outcornes s aborion sRllbiv prernature ik o Tow Bk ot R L e
‘-'"&gr,an child mortality (WHO, 2005). Malaria'endemicrty in Africa is defined on the basis of
.parasite prevalence - and spleen' rates into ‘h‘ypoendemic, mesoendemic, holoendemic and

-~ hyperendemic regions. In holoendemic areas, there is stable transmission of malaria that is
~ mesoendemic areas, there is seasonal transmission under normal rainfall conditions but declines

7

ere are ﬁve spemes of Plasmodzum that cause malaria to humans P. falczparum P. vivax, P —_

EIarzae P ovale and P knowlesz (Whlte 2008) About 247 million chmcal cases of malana are |
.plcal and subtroplcal reglons of Afnca w1th chlldren under the age of five being the most

ected reportlng an annual mortahty of 881 OOO w1th Afnca reportmg 90% of all the deaths. |

(WHO, 2_008). In subeaharan Afrlca, most. severe chmcal cases of malana are attributed to 7.

characterized by recurrent exposure to the infective bites of mosquitoes throughout the year, in |

‘with rainfall, in hypoendemic areas, there is periodic transmission following unusual or




<

unexpected ramfall and in hyperendemlc areas, the transmrss1on is seasonal but very mtense .

;(Snow et al. 1997)

2.2 Immunlty to malarla | o . L
p Malana transmlssmn 1nten51ty 1nﬂuences the course of development of 1mmun1ty to the para31te

-.Chlldren under the age of ﬁve years living in malarla holoendemlc areas 1n1t1ally suffer severe or
_fﬁchmcal malarla but followmg repeated mfectlon 1mmun1ty to the para51te develops and the
,;dlsease becomes less severe and often asymptomat1c This sem1-1mmun1ty or part1al protectlon
f.‘A hrnlts hlgh densrty para51tem1a later in hfe (Perlmann and Troye Blomberg, 2002) In areas s of low
if::"malana endem1c1ty, both chrldren and adults suffer from malarla and symptomatlc paras1tem1a.
:;':.smCe _there is less repeated exposure to the parasite and thus less 1mm‘umty (Snow etal., 1997). '
v'.-.lmmumty to malarra develops slowly and the 1mrnun1ty reduces after an mdrvrdual moves.away
from the malarra endemrc reglon (Langhorne et al 2008) Th1s .suggests that the generatron and
:"’-mamtenance of effector and memory cells requrre continued exposure to the malarial ant1gens
: _:':‘nnr‘nunologlc bo0s_t1ng”. However an alternate hypo‘thesls bsugge_sts that the malaria parasite

1 induces host mechanism- that prevents the development of immunologic memory. -

lhe‘ contribution of T-cell subsets and their cytok'in'es' to the deve’lo‘pme‘nt of protectlve immunity
Fis essentlal both in regulatmg antrbody formatron and in’ 1nduc1ng ant1body-1ndependent protectron
(kaler et al., 1999). Cell mediated 1mmun1ty 1nvolves 1nh1b1t1on of paras1te growth and
development in the hepatocytes by CDS8" cytot0x1c T-cells macrophage act1vat10n by NK cells

_and product1on of IFN-Y for enhanced clearance of ‘paras1t1z_ed erythrocytes (Tsuj1 and Zavala,

) 2003). It has been sugges_ted that IFN-y production by T-cells and nitric '_o.xide» produced by
l_ macrophages has anti-parasitic effect and that ‘the nitric oxide has been shown to kill P.



?‘,'i-p'drumfand P. chabaundi in vitro at high concentration (Balmer ef al., 2000). However, other

es in murine malaria suggest that nitric oxide is not required for parasite killing (Favre ef al.,

‘fh V_contribution-of : B-ce_ll‘s‘._and _their ’anti_hodies is essential to the development of _natural
unlty (Winkler’ et al, ‘ 1999) B—cel'ls play a crucial role in the ,. deve10pmen't’ of ‘ 1mmumty to
. '- aria and the- antibodies they produce are also an 1mportant component of naturally acqu1red
im unlty that develops followmg frequent malaria exposure (Perlmann and Troye-Blomberg 5"
02' Gupta et al 1999). Immumty to malaria is associated w1th protectlve antibodles of certain
« lasses and subclasses and changes in the ‘antibody subclass composmon may affect the pattern of
im -un.e response to malana (Ferrelra et al, 1998) Cytoph111c ant1bod1es of the IgG1 and 1gG3
'bclasses are con51dered the most 1mportant for protectlon against P. falczparum malaria (Aucan
{gt. dl.,r 2001).__‘They act in co.llaboration with '_effector cells to mediate ‘opsonization and Ab-

: ;;‘dependenT-'cellulari inhibitiQﬁ-

: 23EBV and ‘Bur’.kitt’s 'Lymphoma |

:EBV_ isa gamma-herpes virus.that belongs to.the family of Gammaherp‘esviridae (Babcock et al.,
_- l_9§2l); EBV is estimated t0'infect 90% of adult population worldwide and in Africa,it has been
l'sugge_sted that by theage of three, about 80% of the children are_pEB\./ seropOSitive (Biggar et al.,A
l9’7.i§l).. Primary infection occurs horizontally durmg childhood through the saliva and this
' coincides with the period at which- maternal immunity diminish (Biggar et al., 1978). After
| ;prirnary’irrfection, EBV establishes a lifelong latent infection'and- rarely causes disease unless the

host-virus immune balance is upset (Donati e al, 2006).
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V has been assocrated w1th a number of mallgnancres and cancer. The most common
! v»oclatlon is. vtflth Burk1tt s lymphoma Burkltt s lymphoma isa drstrnet form of non—Hodgkln s
i ymphoma and it is the most common ped1atr1c cancer in equatorral Afrrca accountrng for 74% of
X all chrldhood mahgnanc1es (Burkltt 1983) Burkltt 'S lymphoma can be classrﬁed as endemre "
v”poradlc or HIV assoc1ated (Freedman and Frredberg, 2006) Sporadlc Burkrtt s lymphoma'; ».
accounts for 20 30% of non-Hodgkm S lymphoma in chlldren in developed countr1es affectmg ,
;the abdomlnal regron and can be detected at any age Endemic Burk1tt S lymphoma is almost'
j‘excluswely found in Afrrca (Freedman and Frledberg, 2006) affectmg mainly the fac1al skeleton
m chl,ldren aged between- 2_’to 9_y_ears and is the most common pedratrlc caneer in equa_torlal |
Afnca .(Orem et ctl;, 2007) In ‘Ke'nya,‘there is evid'e_nce‘that there 1suneven _geographieali
‘d'i'stributionrin- the incidenees of eBL-(R'ainey ét tz‘l. 2007) In youngiadults BL rna'nit‘est as acute
.imfectrous mononucleosrs (AIM) that is characterlzed by rapid expansion of virus- specrﬁc CD8 o
] T cells in perrpheral blood (Callan et al 1998) Inchlldren in developmg countries such as‘
'<:Kenya prrmary EBV 1nfect10ns occur Wlthm the first few years of hfe and are often asymptotlc .

mfectlons (de-The, 1977;-M00rmann et al, 2005).

- EBV and holoendemie malarla are two agents thatthave been lmpllcated in the etiology of eBL.
. Malaria cause_s a corn__plex‘ pattern of 1mmune AmOdulation aceompanied by polyclonal B =
| .:lymphoeyte'activation leading to increased Inumbers of circulating EBV-infeeted'B-cells (Whittle
_. ,' etal., 1984) The hlghest den51ty paras1tem1a is observed in ch1ldren of age between 6-11 months._ ot
old and it is at thls age that prlmary EBV infection is likely to occur (Rochford et al., 2005). It has :

| been reported that acute rnalarla causes 1mpa1rment of EBV-specific T-cell immunity (Gunapala et | -

L al., 1990) and that this impaired EBV-specific T-cell responses is.indicated by the loss of IFN-y- "

10



diated killing of yir,us infected cells (Moss ef al., 1983). The deficiency of EBV-specific T-cell -
umty and expansiOn of latently infected Bécell pool are two possible mechanisms that have :
proposed to explain how holoendemic malarra 1mpacts on EBV latency and how th1s

b

in reases  the risk to eBL (Rochford et al 2005)
rogramrned Death-i (PD;’I)

Pr grammed death—l (PD l) is a cell surface protein a member of the CD28/cytotox1c T- cell '
! n- 4 (CTLA 4) famrly of T cell receptors that negatively regulates antigen receptor |
ahng This rnhibitory effect has been shown to be effectrve both in CD4 and CD8 T cells |
artcr”et al 2002) PD 1 (or CD279) was 1n1t1ally cloned asa molecule that was over-expressed.‘ |
cells undergomg cell death -(Ishrda et c_z].,_ 1 992) and hence named’ programmed ,death—l-».
.IOu_g'h PD-1 was initi__ally known to be a éeath r_ecepto'r due"to its preferential over-.cxprcssion
idying" cells, further ‘studi_es have shown - that its expression is associated wi_th negatiye =

'. phoCyte activation --(Agata, et al., 1996; nV,ibhal(ar:et al., 1997). PDél binds to PD-L1 (CD274)
L. PD L2 (CD273) that are both members of the B7 homologues The cngagemcnt of PD-1 to 1ts'_
:hgands results in both 1nh1b1t1on of T-cell activatlon and cytoklne production (Frecman et al >
'2000 Latchman et al., 2001). PD L1 is expressed on restmg B cells T-cells and dendritic cells . |
(Latchman et al. 2001) and this express1on is up- regulated upon activation by both type I and typc V

I} IFN ’s Itis also expressed ona w1de range of non—hematopmetrc cells and at immuno- pr1v1leged
's1tes such as the placenta and the eye (Sharpe ef al., 2007) The express10n of PD-L1. has been .
-ireported on many solid tumors and high levels of PD-l expression ‘have been assoc1ated w1th poor
'T_ﬂprognoms of the dlsease (Latchman et al. 2001) PD L2 is 1nduc1bly expressed on dendrrtic cells,

macrophages and masT cells (Greenwald et al, 2006)

11



,'.1 Structure of Pb:—l |

cturaland biochemical analys_es have shoWn that PDj-i is 4 monomer both ih solution and on
H'Sﬁrfaces (Zhang and Strome, 2604). PD-1 is a 288 amino acid tybpe‘-l;trahsmembrane orotein
t i_s: -enco,ded by Pdcdl gene on chromosome‘- I in humans. It is composed  of one
I "irnoglobulinvsuper family domaih, a 20 3amin0 acid stalk that separates_the IgV domain from
'p_p'tasma rhembrane, a transmembrane domain (Keir et al., 2008) It also has tWo tyrosine
oteelrle»s' ‘that ‘a.re "loeated in its .c'ytoplaﬁé'mic tail. There i§ an intra-c‘ellular‘ domain of

‘proX"_imately 95 residues containing an immunoreceptor tyrosine based switch motif .(ITSM). and

42 'T;celi ex'haustion' and PD.-:-l eXpression in vi‘rai and parasitic infecﬁons - .'

Durlng an acute viral infection CD8 T-cells undergoes an expans1on phase resultlng in the
generatlon of effector CD8 T cells that participate in V1ra1 clearance (Wherry and Ahmed 2004).
is ‘followed by a death phase where 90-95% of _the-effe'ctor CD8 T-cells dre. (K_aech et al.,
2002) and the remaining 5-10% ot the effector CD8" T-cells differentiate further to geherate a
pool of long lived memory CDS“_L T-cells and these are maintained for long period of time_ 1n the
:‘;ahserree of antigen stimulatioh.(Lau et al., 1994; Murali—,Krishna ei_al'., 1999). These maintarned
v_ﬁtrrriber of :r‘nemory CDS8 T-eells, ar,e'highly funeti.onaI and provide an important componeht of
5 protective immunity (Wherry and: Ahmed, 2004). On the other hand, in chronrc i_nfections,
'..-ﬁrnetional effector CD8+ T-cells are generated during early stages of the infection but they lose
._théirfﬁlnctioh doring the cour5e of the infection (Wherry et al., 2004). This loss of -ﬁlhct_i_on is
l::‘referred to as “exhaustionf’ (Zajac et al.., 1998) and'is‘ a deﬁning characteristic of many chronrc

_;'infections and factors such as the availability of CD4 T-cell help, level of antigen expoéure and
| 12
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¢ du tion of exposure determines the level of exhaustion (Freeman ef al., 2006). E_xhaustion 1
es :of- a range;of : dysﬁmctions. frorn mild to extreme an'_dvocwrs m a hierarchical manner
functions such as --IL42 nroduct'ion an.'d'proliferative potential being lost: ﬁrst while other
s such as IFN-y productlon occur later In a previous studyj Wherry et al, (2003)
tlﬁed three levels of exhaustlon in virus-specific CD8" T-cells; mlld (partial exhaustion I)
i.'fe_ there is little IL-2 productlon and TNF-a production started to be impaired and lytic
: 1tystarted reducing," to moderat_e (partiai exhaustion II) cOnsisting of mod'estly defective
prOduction, little IL-2 or TNF-a .production and’ ‘cytotoxiéityv,.,to severe or extreme
d ustlon (full ’exhaUStion) where-thebCDSJr T-cells lack all the effect'or functions i.e. IFN-y, IL-
':‘TNF -o production and cytotoxrc act1v1ty (Wherry et al 2003) Impaired prohferatlve
,5" ' t1a1 isa key feature of exhaustlon and 1t has been shown that it oceurs when other functlons_
the T—cells such as cytokme productlon and cytotox1c1ty are intact (Wherry et al 2003) It has |
n shown that the prohferative potential of T—cells decreased along51de the loss of these -
‘ ctlons_ ‘while apoptosis 1ncr’eased' and as the antigen Ioad increased or CD4 T-cell help-

ecreased,' the virus-specific T-cells became more exhausted (Freeman et al., 2000).

Lymphocytic choriomenengitis virus (LCMV) is a natUral‘pathogen in mice and has been used to
’eiucidate the -function of PD-1 and it"s ligands in immunity and infection. There are two strain_s of
LCMV that can cause either an acute or chronic infection in mice; the Armstrong strain causes an
‘-..acute"infection that isb cleared w1th1n 8-10 days after infection while clone 13 causes chronic
".jnfection that overwhelms the 1mmune system (Wherry et cil._, 2004). Surprisingly, these'— two
strains 'di.ffer.in only two amino acids in their entire genome (Matloubian et al., 1993). During an

acute infection,_ it was found out that PD-1 was briefly expressed on early effector CD8" T-cells
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butwas rapidly down—regulafed (Barber et al., 2006) . Op the other haﬁd, during chronic infection,
there was continued expre$sion of PD-1 on LCMV specific CD8+ T—,bells and that the high levels
of PD-1 expression were sustained during the infection (Barb’_er"et al‘., ;2q06). PD-L1 was also pp-
.Apé-gulated on infected.ce'lls suggesting that this ligand tpgether With. PS—I may be,. involved in:

;-.r'egulation‘of T-cell function during chronic LCMYV infection.

The Bloékadé of the jﬁteraétion between PD-1 and its ligand has beaiy shommées 'réjuvenate’the
;'.égﬁépsted T-cells and"r‘vestore their function V(Okazalvd érid_"Hohjo, 2006). (Barber et al., 20(.)6)’
treatedchromc infected mice with blocking antibody specific for PD-L1 and monitored T—_cell
2 responses and viral con;trol. They disc;overed 'that in confrasf tovu.ntreated mice, a higher prbpo_rtion
of ?virus_-:speciﬁc CD8+:TV-cell.sAﬁ.rom chronically infected mice had expanded and had an increased
ablhty to produce IF_I;I-Y.-a.nd‘ TI;IF.-a. PD-LI Blpckade also 'res'ult_ed in a striking reduc'tib_n in viral
i,_l'o'acis in mice freated with PD-Ll-speciﬁc antibody while the untreated mice still had high levels
| of the virus thap was maintained even after the anti—PD-Ll was stopped .(Barber et al., 2006).

] In mice infected wi‘thv Séhistosomd mansoni, théré was increased expression of PD-1 on splenic
CD4+and CDS8" T—cell; compared to naive T-cells and the maCrophaigcé expressed high levels of
‘: j..'IV"_D-Ll (Smith et al., _2004). Similarly, during T aenia crassiceps' infection in mice, a high
8 proportion of CD4" T-celis express PD-1 and both PD-L1 and PD-L2 were upregulated on
mécrophages' (Terrazas et al.., 2005). Studies in mice infected with‘P. yoelii demonstr_ated low

: vvéXpressio'n levels of PD-1 o'n‘na'fve CD4 and" CD8 T-ceils and an incfeased éipresSion of PD-1

on activated CD4 and CDS8 cells after infection (Chandele et al, 2010). Takeh fogether, these two
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' d1es suggest that parasmc infections may also exp101t the PD-1/PD- L pathway to down-

gulate specrﬁc ant1—parasrt1c immunity and establlsh a chromc 1nfectlon

; 25 PD-1 PathWay"in Cancer

The PDfl pathway has prev_iously been‘sugvgested to be l-nvolved Ain the ey‘asion of antitumor
;virnmunity by the host 'immu‘ne' system (Keir 'at al., 2008). lndeed re'cent studies haVe shown the
_‘expresswn of PD- 1 in a number of solid tumors 1nclud1ng cancer of the larynx lung, stomach, |
‘.colon breast, cervix, : ovary, renal cell, bladder and liver, as well as in melanoma (Blank and -
‘Mackensen 2007) PD Ll is expressed on many tumors and 1ts express1on strongly correlates ,
Wlth poor outcome in '_these cancer patlents (Bla’nl; and Mackensen, 2007; Greenwald et al.,
2005) It has been shownthat it binds to PD-1 on T-cells, r:'esulting' in down-regulation of
antltmnor immunity (Iwai et al., 2002) and blockade ‘of this pathway results in a more robust

; _cytolytic activity and increased cytokine production. f

» 'lhe expression of PD Ll on tumor cells has been suggested asa poss1ble tumor evasion strategy
Stud1es by Iwa1 et al (2002) showed that PD Ll is expressed on. tumor cells Further studles
: have descrrbed a correlatlon between PD-L1 expressmn and cancer progressron on renal cell
;A»_earcrnoma (Thompson et al., 2004) and a correlatlonbetween PD-Ll expression and poor
j progn051s in oesophegal cancer patients (Oh1gash1 et al., 2005). Together, these studies
concluded that the PD- l/PD L1 interaction negatlvely regulates immune flmctrons and indicate a

poss_lble mechanism for turnor evasion.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3;,"1_ Study Area
Thls study was condﬁcted at Kanyawegi and Kokwet villages and at new Nyanza Provinéial
f;éeneral.Hospital Ki’Sumu (Appendi-x 1). Kanyawegi is an area with holoendemic mélaria in the 3
lowlands of western Kenya Kokwet is an area with hypoendemlc malaria situated 100 kllometers ‘
:,northeast of Klsumu in the hlghlands of Rift Valley Province. Nyanza Provincial General Hospital
f1s within Kisumu town and is the main referral hospltal in Western Kenya for children with

Burk;tt S lymphoma (Moormann et al., 2007). -
"3;2'S_t1'1_dy Populét'ion

'{3.271 Inclusion cri_teria-

;VInclusion criteria into the study iﬁcluded individltale aged 6 months to 18 years who were
tesidents of the tWO study areas; hefnoglobin of >5g/dL, body temperatﬁ:te of <37.5°C and may be
. P faléiparum matlatia p_arasitemie but.asyrrtptotnatic. Children diagnosed with eBL but not yet on

chemotherapy were also included.

| 3.2.2 Exclusion criteria
! _Indi_viduals who had hemoglobin (Hb) of less than 5g/dL, parasitemia with fever or evidence of
 another etiology of fever and individuals who were generally unwell (not including a diagno;sis’ of

" eBL) due to other unconfirmed hea"lth> conditions.
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3.3 Study Design and Popul‘ations

This sfudy was an age-structured cross-sectional study involving a total of 125 individuals from
the three study populations, i.e. from the high (Kanyawegi), low (Kokwet) malaria transmission
“areas and children with BL. Age stratification of (<1, 1-5,5-9, 9 —(T4, >18 years) was used
based on the development of immunity and the incidences of both malaria and EBV in Kanyawegi
and Kokwet and on a previous study that was done in the same populations (Moormann et al,

2007).

3.4 Sample Size Calculation

Sample size was calculated using G-power software (Faul et al., 2007), since no data on PD-1
- expression during malaria infection and in endemic Burkitt’s lymphoma was available that could
be referred to. In order to achieve a statistical power of 80%, a significance of a=0.05 with a

medium effect size, a minimum of 64 individuals were enrolled (Figure 1).

F tests - ANOVA: Fixed effects, omnibus, one-way
Number of groups = 3, o err prob = 0.05, Effect size f = 0.4

Total sample size

075 O 085 8088
Power (1-B err prob)

dﬁ B 0'55 T d.7 :

Figure 1: Sample size calculation
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3 3 5 Blood Sample Collectlon, Mlcroscopy and Complete Blood Count (CBC)

Venous blood (2 5ml from children and 8 — 10ml from adults) was drawn by venlpuncture into

1.10ml heparinized VacutalnersTM blood eollectlon, tubes and transported \w1th1n two hours to the ‘

<

UMMS/KEMRI laboratory located at Centre for Global Health Research (CGHR) in Klsumu and = ¢

! {processed on the same day. P. falczparum d1agnosrs was determined by microscopic examination
' _._of _Glemsa-stamed thick and thin blood smears. Parasite den51ty was expressed as the number of

f'as'e’lxual P. falciparum per uL of blood. Individuals with detectable parasites in the smear were

tfeated with Coartem™ for uncompli'catedmalaria'according to the Kenya Ministry of Health |

gmdelmes after sample collectlon A coulter counter was used to quantify the hematologlcal

;'v_lndlces of the study partlclpants

. 3.,6‘Peripheral Blood Mononuclear Cells (PBMC) Isolation

PBMCs were separated from sodium heparrn antlcoagulated whole blood by standard FICOH—/’ |

‘ _' Hypaque dens1ty gradient centrifugation. In thrs procedure the anti- coagulated 2 to Sml (ch11dren)

or 8 to 10 ml (adults) of blood was layered car.efully onto SmL of Ficoll-paque (GE Healthcare,

. Sweden) in a 15mL tube and then centriﬁlged_at 450g for 30 minutes. Plasma was transferred into

‘ ”Sarstedt tubes (Sarstedt, Germany) and stored at -80°C until used for sPD-1 ELISA while the

- PBMCs was collected using a sterile 10mL pipette and transferred into a 15mL tube. The cells

| were washed by adding sterile 1x PBS (pH 7.0), without calc_iurn or magnesium, to bring a total

! 'volume in the tube to 12mL followed by centrifugation for 15 minutes at 350g at room

i temperature. The supernatant was aspirated off, the pellet broken by gentle flicking of the tube
;" and then washed again ,and.centrifuged for 10 min at 350g. The supernatant was aspirated, the
. pellets broken by gently ﬂicking the tubes and the cells resuspended in 1mL of sterile 1 x PBS

| (pH 7.0). A volume of 10uL of 0.4% Turk’s solution was used to dilute the cells in a 1:1 ratio to
18
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aid in Vi‘sualizing the cells under a mieroscepe- and using a Haefnocytometer to calculate the yield
 using the formula [cell count in Iml = (# cells counted in 5 squares)X5>_<2><104]. The calculétions

of the cell count were carried out in Microsoft Excel sheets.

::.--.3;7:-Staining' for Flow Cytometry
1 »Half a m11110n freshly 1solated PBMCs were ahquoted into numbered SmL polystyrene tubes .
(Becton D1ck1nson USA) Appropriate monoclonal antlbodles spemﬁc for dlfferent surface :
-‘.molecules were added (Appendlx 2) The tubes were then vortexed and 1ncubated at reom »
:.‘:_temperature for 20 mmutes in the dark. After mcubatlon, 2mL of cold 0.5% BSA i in PBS (flow ’
__‘.J'buffer)i Was added to each tube" and 1VQ_1_'t'exed gently and then epun at 450x g for 5 minutes ut 4_°C.-'

The supernatant was aspirated off and cells fixed us’in_gv O.SmL of 2% paraformaldehyde added to

allthe tubes, vortexed gently and incubated in the dark for 20 minutes at room temperature.

' 38 Flow Cytometry Acquisition and Analysis

';jData was‘ acquired 'uvithin 24 hour's uSirig CELLQuestPro seffware on a FACSCaIibur' ﬂow
«cytometer (Becton Dickinson hnmunbcytometry Systerué, CA). The {fluorescent intensi‘ty
‘measuremeut was done using logari‘;hniic amplifiers Whereus the ferwafd scatter and side scatter'
.' measurement was made using linear amplifiers. Flewjo Software (Tree star Inc., VUSA) was .

apphed to collect data for compensatlon and processmg Proportlons of cells in the negatlve tube ‘
 were vsubtracted from the positive tube to geT-cell population expressmg PD-1 before statlstlcal

- analysis was done.

3.9 Soluble PD-1 ELISA

- A 96-well microplate was coated with 100puL of 1.0pg/mL anti human PD-1 _cathre antibody,

;' sealed and incubated overnight at room temperature. After a three step wash with wash buffer
{ 19
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(0 05% Tween 20 in PBS pH 7 2) non spec1ﬁc b1nd1ng was blocked for one hour us1ng 300uL of
_'blockmg buffer (l% BSA in PBS pH 7 2). These were then washed twice and 100uL of standards
_'(startlng at a concentration of 10,000pg/mL and serially diluted seven tlmes) or the samples added. '
nto the wells covered using a plate sealer and 1ncubated for two hours at room temperature After
:the 1ncubat1on per1od the plates were washed twice wrth wash buffer IOOuL of 200ng/mL .
-_b1ot1ny1ated goat anti human PD-1 detectr_on antibody added to each well, covered using a plate
'sealer and ﬁlrther incubated for_two hours at room temperature_ followed by addition of IO-OuL of
;fstrep'tavidin HRP to each well; HRP activity'was vdetected‘ using 3,3',5,5'-tetramethylbeniidine
'E(Organon Tekni_ka) in H,O, (1:1) and the reaction stopped by adding 2M sulfuric 'acid (H2S0y).
_;:'AThe opt1cal density was determlned at 450nm (Anthos 2001 reader Anthos Labtec Instruments |

';Salzburg, Germany) Soluble PD 1 concentrations were determmed by extrapolat1on from the »
;: standard _curves. | ' t

310 Data Analysvis

.{fAll acquired and processed data were analyzed using Graphpad 51 (GraphPad Software, Inc, La
'-I'-.lolla' CA) software. Differences in the median PD-1 expression and concentration of soluble PD-
1 between two groups were compared‘ by Mann Wh1tney U test while d1fferences‘ in PD 1
: expressmn across the age groups and among the three study populations (Kanyaweg1 Kokwet and
‘”._=BL) were compared using Kruskal Walhs test. Any detected statistical difference between the

, groups was further tested using Dunn s post hoc tests to identify which groups differed from the.

others. A p<0.05 was considered statistically significant.




“.3:'1__1-,Et‘hi‘cal'Considerations 3

ii;‘pro\%_all.‘ fdf the Study:.iwas obtained from -Vthve Kenya Medical ﬁewéféh Iﬁétitute ‘(KEMRi),
":: éﬁénél E.th.i:cal Review Cofnmitteé and Ethical Réview Board of 'Uniwge;rSity of MaSsachusetts '
»iedi_cal Sgihool ~(UMMS), USA. Written informed ’c;)nsent was dbtainedi-from’ adul,t partlclpants
d parents or guardlans of éll.study_ participants Who were less than 18 .y'ear.‘s of age. Qu"ﬂ‘llﬁe d
jvhlethomis.t.s 'collﬂec;tevcii ,Veﬁous blé)_@d ‘.under_svteri_»le f:'onditions in_ ofder to mlmmlze 'the* nsk of

infection and discomfort. -
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CHAPTER FOUR

4.0. RESULTS

41 'General Chafacterisﬁcs of the Study Populations :
The general »charactéfisti;:‘s' of the study pobﬁlaﬁon are summarized in Table 1. IhdiViduals from
the holoendemic maléria tranémis'sion area ,afe :referr‘ebd to as Kanyé\&égi while indiv:id‘ual'é. froin
Ath_ev hyp.ovehdem.ic; malaria 'frénsmission area are :feferrcd to éé_ Kokwet. Théy included 51
;:.,indiv'iduals from KahyaW¢gi with 63% being males and mean hemoglobih of 10.80 g/dL, 53
;'ﬁ;n’n Kokwet w1th 34% __Being males and mean hemdglbbin of 12.40é/dL and 21 chﬂdren with
endemlc Burkitt’s wi_tﬁ i«nean »h-em'og'lc»)bin of 9.73 g/dL.. Mor'e'n.iales (62%) than females had
;c_:ndemic Burkitt.’ s lymphdma as had béen reportéd eLsewhere (MWahda et al., 2004).

As expected, the highest:percentage of P. falciparﬁm parasitaemia was among ihdividuals from
Kginyawegi- as twenty nlne percent of these individuals had asymptomatic P. fdlciparum blood
,s'tége infection. In conﬁast, n(})I iﬁdividﬁal from Kokwet wés found pésitive for mélaria' by blood
émeaf. Childreﬁ having Véride_mic Burkitt’s lymph'o.mla‘ did ﬁot have fnaig&ia pa_rasﬁités in their

* blood.




Table 1: Generalcharacte‘ristics of the study pbpulaf-io;i 7

“Kokwet

‘BL

Parameter : : - Kanyawegi
Number of participants - - ‘ 51 53 21
Gender. | | P g . :
Male (n[%]) v . .32(63) 18 (34) 13 (62)
P. falciparum +(n[%]) | o 15129) 1 0(0) 0 (0)
Temperature, "C SNt o | .‘ - 36.55 3664 ' 3627
1240 = 073

Hemoglobin (g/dl) P : 10.80

Data for témperature and hemoglobin are presented as means.

Abbreviation; BL- Burkitt’s lymphoma (enrolled at the Nyanza provincial general hospital).




4.2 Hematological Indices
Complete bloodcounts‘were generated to determine if there were any‘overtdiffer_ences» in cell

“composition between study groups and the results are summarized in Table 2. The three study

B

; populations differed ina numberof hematologi'cal indices
» There was a 51gn1ﬁcant drfference in lymphocyte counts in the three populatlons (p=0. 0002) s
Further analys1s revealed that there was a dlfference when Kanyaweg1 Vs BL and Kokwet \& BL ok
‘vwere: compared. ‘Howeve_r', there_was no signlﬁcant dlfferencewhen Kanyawegi and Kokvret 4

- were compared. There was a si_gniflcant difference in monocyte counts (p=0.0013) and red blood

c’o’unts (p'=0.0il34) bhovs’feiifer" on further anal}Ilsisi the difference was only-betvreen Kokwet an.d:
i BL in both cases Hemoglobm differed s1gn1ﬁcantly in the three groups (p<0 0001) but on
ﬁuther analys1s there was no difference when Kanyawegi and Kokwet were compared '
| Hematocrlt count dlffered s1gn1f1cantly (p= 0 0001) 1n the three groups but on further analy81s g
the difference was 51gn1f1cant when Kanyawegl vs BL and Kokwet vs BL were compared There ,
| was a signiﬁcant' difference in mean. corpuscular (p=0.0312) and ‘on further analysis, the '
differenc’e. was : only signiﬁcant vuhen Kanyawegi vs Kokwet were » cornparefd. The mean
corpuscular haemoglobin concventr,ation and. platelet count were significantly different(p_=0.0(_)():_l
and p=0;0‘OQI respec'tiifelif) and on ‘_fur_ther analysis, there was a:signiﬁcant difference When -
»-Kanyawegi _vs K_okw.et.,‘KanyaWegi.VS BL and KokWet_ vs BL were compared.
There Was no signiﬁcant difference in white.blood cells count (p=0.4437), mean platelet volume

(p=0.1911) and red cell distribution width (p=0.7636) when the three groups were compared.
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Table 2: Hematological indices of the study popﬁlati.oh.

Kanyawegi Kokwet BL p value ' o Post test

Kany vs kok ~ Kany vs BL Kok vs BL

White Bleod cell coum WBC(x10*3/ul) 7.400 7.950 7.700. ' 0.4437 ‘ ns .b ns ns
| Lymphocyte counts LY (%) T | 29 5850 4100 00002 s T Ty
. Monocyt counts MO(%) ” 5500 5150 5700 0.0013 ‘ = T s —
; LY#(x10*3/ul) . 3.70 » 4.50 3.07 0.0371 -ns ns *
MO#(x10*3/ul) 0.400 | 0.400 0.840 - 0.0069 ns * . A
Red blood cell count RBC(x10*6/ul) 4.740 -4.905 4.310 0.0034’ ns ns - #
| Hemoglobin Hgb(g/dL) : ‘ 10.80 - 1240 - . 16400 - <0.0601 o B Y LI, =y
\ Hematoorit Hot(%) — ' 3620 _' 043 T T YT BT T
Mean Corpusculaf Volume MCV(fL) 77.20 .81.35 71.00 . 0.0007 ns * Rk \
Mean Corpuscular Haemoglobin MCH(pg) 122.80 24.55 - 23.40 0.03i2 LI T T 1 T ns
Mean Corpuscular Haemoglobin Concentration 29.30 30.40 32.30 <0’000'1 Av S BT D
| [MCHC (g/dL)
| s : ’
Red cell distribution width RDW(%) " _ 15.80 - 15.30 18.80 0.7636 ns ns oo ms °
Platelet count Plt(x10*3/ul) — ‘ 447.0 6485 350.0 <0.0001 e . & i
‘ " Mean Platelet Volume MPV(fL) - 8700 - 8.300 8.200 0.1911 » ns _ ns " ns

Data are presented as medians. * Kruskal-Wallis test was used to determine differences in medians between Kanyewegi Kokwet and
BL. Dunn’s post test was used to determine which of the three groups differ from the other. Statistically significant p <0.05 are in
bold. Abbreviation: BL= Burkitt’s Lymphoma. ns - not significant, * (p— 0.01 to 0.05), ** (p =0.001 to 0.01) and *** (p<0. 001)
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‘43 Expressron of PD-1 on lymphocytes between Malarla Holoendemlc and
Hypoendemlc Ind1v1duals :

In order to determlne if there was a dlfference 1n. the express1on of PD 1 on lymphocytes 1n“.
individuals from areas with divergent ‘malaria trarlsmlssion pattern, helper T-cells (CD4" ).
Jeytotoxic T-cells (,CDSJ“), B-cells (CD19+) and natural killer cells (CD56") cells expressing PD- 1_'
ffﬁbm -'individuals from Kahyawegi (holoendemic- malaria exposure) and Kokwet.(hypoend'emic_
malarll.a exposure) were quantlﬁed A representatwe ﬂow cytometrlc analysrs that was used to "
quantlfy the express1on of PD-1 on CD4 and CDS" T-cells in perlpheral blood is 1llustrated 1nA
k F}gure 23 whereas Flgure 2b is the gatmg strategy used to quantify the expressron of PD-1 on B- _b o

E cells and NK cells. -
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Figure 2A: Representative flow cytometric analysis of CD4" and CD8" T-cells expressing PD-1 in peripheral blood.
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Figure 2B: Repfesentative flow cytometric analysis of B-cells and natural killer cells expressing PD-1 in peripheral blood.
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.;_3'._:.1"Express-i_on of PD-1 on Total CD4" T-cells in Kanyawegi comparéd to Kokwet. :

"Fi_‘gUIe 3A. Across the age group cdmparisoxi shows that there was no différence in the median
fil_l.us't_ratéd in Figure 3B and 3C respectively. However, it is _intéresting to note that exp'ression of

inKokwet.

29

'he 'm’edian‘peircentage of total CD4% T-cells that e,xpressed' PD-1 was significantly higher in

individualé from KanyaWegi (631%) compared to Kokwet (3.13%) (p<(f0001), as shown in |
,pérééntage of CD4 PD-1" T-cells in Kanyawegi (p=0.0556) and Kokwet (p=0.1999) as

PD-1 on CD4" T-cells increased with age in -Kényawegi whereas it rémainéd_’relatiVely .constant-'

G e



45« p<0.0001 "

L (]
’ .
£ .
S ' o am
= 10- | | .
% v “ann
- : :
A ug""
+ _| %00 . 3
5 5 A N
° *33te , '!E:'
..E;f... -
K e
0 —T T
Kokwet Kanyawegi

Study site

15 =0.0556 o o 45-

L ]
L 4 L 1
I T
i 23 -
© 101 s 4 > « 107
= ; A v S —
E i : . d .
< " 8 % S "’ [ v
§ o o w T 3 s . 7.
e - O " = 4
£ — 1 . = T = T
& —Qs-— ':- : s v: :0 .
. °® ¥ %
0 T T i T T . 0 T T |15 T :
<1 1-5. “5-9 9-14 >18 i ) <1 1-5 5-9 9-14 >18
Age group (in years) : o : - Age group (inyears).

Figure 3: Increased median expression of PD-1 on total CD4" T-cells in Kanyawegi compared to
Kokwet (A). Pooled data showing the median expression across age groups in Kanyawegi (B)
- and Kokwet (C). . .




;4.3.2 Expression of VPD:-I on total CD8" T-cells in ihdividuals_ from holoendemic compared
f”tov-hypoeﬁdemic mal_arié trahemissien area. ' |

To investigate Whether there were -‘di.ff_erence's in the 'median‘ percent.eigekexpression of PD-l on
'-:,'CD8+ T-cells in individuals from arees with divergent malaﬁa'transmis;on dynamics, freshly
“ isolafed PBMC’S were 'st'ained for PD—I. The results shoWs thai the median percentage of PD-1
on total CD8 T-cells ‘were 51gn1ﬁcantly h1gher in Kanyawegl (holoendemlc malana) compared
: to Kokwet (hypoendemlc malana) 10 08% and 7.560%, respectlvely (»=0. 0078) Flgure 4A.
:;When comparmg the medlan percentage expression of PD-l 0_nCD8 T-cells across the age
. groups for each study site, vthere was no signiﬁeant,difference' in PD-1 expression oﬁ CD8+ T-

~ cells for both Kahyawegi (p=0.1277) and Kokwet (p=0.4297), Figure 4B and 4C respectively.
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Figure 4: Median expression of PD-1 on CD8" T-cells. The median express1on on total CD8" T- -

cells from Kokwet compared to Kanyawegi (A) and across age group comparison in Kanyawegi
(B) and Kokwet (C).
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.33 Frequency of PD-1 Expressiqn on B-cells in individuals frém holoendemigmalarié :
_'éﬁlpargd'to hypbendemicv area. |
':ord'er to defe@ine the ,ﬁeqﬁéncy of PD-_ll expre.ssiidn on B-cells in indiéliduals froni areés with |
,gliyergent malaria exposure histories, the frequencies of PD-I expression ;n CD19" cell in these
;jindi'viduéls were qQahtiﬁed. As shown in Figure 5A, the median expressiqn of PD-1 expressed
i)}}:total B-celis was sigf_liﬁcéntly‘ hi'gher‘. in individuals from Kanyawegi (ﬁoloendemic Amal-aria):
’;céﬁlpéred td.‘i(okwet a(.hyﬁoendemvic' .malaria),‘ 6.790% and 2.580%, respeétiveiy, p.‘<0.0001‘.

However, there were no significant age-related differences in the expression of PD-1- on B-cells

in individuals from Kanyawegi (p=0.3320) and Kokwet (p=0.5592), figure SB and 5C,

foespectively.
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Figure 5: Increased expression of PD-1 on B-cells in Kanyawegi compared to Kokwet (A). B and
C show the pooled data for the median expression of PD-1 in Kanyawegi and Kokwet
respectively. : ’
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_..3.>4‘Expr‘essi0n of PD-1 on Natural Killer cells in individuals from holoendemic compared
lé_hypbendemic maléria'aréas. .

' is study .ﬁmher analyzed the expression of PD-1 on NK cells vto inv:estigate if divergent
Lmalaria transmission pattems' affect the frequency of PD-1 on these cell :ypes. As shown in
:Eigure 6A, ’?he median expression of PD-1 on total CDA"56+ cells differedv significantly between
Kmyawégi_ aﬁd ‘Kokwet (6.“260% _‘ and 3.680%, respectively, p=0.,0001). This stuc_ly‘ also
'iﬁvéstigated if there was age-r:elate'd. cﬁangés in PD-1 ekpression and as shown in Figilfé 6B aﬁd
‘-6Cv, ‘me'diat.n expression éf P‘D--l‘ on CD56+' cells were not signiﬁcantly différ_ént across the age

":'grolip’s’ for both Kanyawegi and Kokwet (p=0.7564 and p=0.2648, respectively).
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Figure 6: Increased expression of CD56 PD-1" cells in Kanyawegi compared to Kokwet. Figure
: : anyawegt ¢ ,

A on total CD56" cells. Expression across age groups in Kanyawegi (B) and Kokwet (C).
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@t__.:3_.5 Age relatedvchang‘es in the expression of PD-1in lymphocytes

Thls study further wanted to determine if there was an age related difference in PD-1 expression
in indiViduals of different age groups from areas with divergent malaria transmission ‘pattems'. As
?:::smnmarized.in Table 3, in infants (<1 years old), there was no significant difference in the
='.-inedian percentage of CD4" T-cells expressing PD-1 in Kanyawegi (3.41%) compared to
;Kokwet (2 34%) (p=0. 6134) On the other hand the percentage of CD4" T-cells expressmg
| PD 1 were srgnrﬁcantly different between chlldren of age group 1-5 years from Kanyawegl and
'Kokwet (5.70% and 3. 57%, respectively, p= =0. 0122) Simrlarly, ch11dren from Kanyawegi of age
group 5 -9 years showed a 51gn1ﬁcant1y higher medran percentage of PD-1 expressing CcD4* T-
;cells compared to childre‘n of the same age from Kokwet (6.71% and 3:19%, respectively,
?p%0.0007). This difference in PD-i expr_ession was aiso apparent in the 'olderage groups (9 and
14 years) when comparing Kanyawegi and Kokwet (6.00% vs. 2.93%, respectively; p=0.0068).
‘Similarly, adults from Kanyawegi had a higher percentagc CD4+_ T-cells expressing PD-1
,_relative to Kokwet (8.42% and 3.61%, respectively, p=0.0018). This sug_gests a cumulative
loverall} increase in PD-1 ei_,(pression on CD4 T-cells associated with ‘prolonged, repeated malaria

exposure.

Theré was no significant difference in the median expression of PD-1 on CD8" T-cells in all the

age groups except adnlts where Kanyawegi had a higher median expression (13.58%) compared
to Kokwet (8.01%; p:=o.'015).

There was no significant difference in the expression of PD-1 on B-cells in infants (less than 1
year of age) from Kanyawegi relative to KokWe_t (4.425% and 2.610% respectively, p=0.4306).
Kanyawegi children of age group 1 — 5 yearsha‘d a significantly higher median percentage

expression of PD-1 on B-cells compared to the same age group from Kokwet (6.630% and
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r.790%, respectively; p=0. 0098) In children of age group 5 — 9 years, the drfference in

percentage ‘median expressron of PD-1 on CDI19" cells ‘was srgmﬁcantly drfferent between
Kanyawegr and Kokwet 5. 980% and 3.130%; (p =0.0193). In the 9 14 years age group, the

drfference in expressron between Kanyawegi and Kokwet was also significant 7.415% and

1L 890%, p<0.0001. The same difference was observed in adults where those from Kanyawegl

.showed a higher medlan expressmn compared to those from Kokwet (8 430% and 2.465%,
‘p-o 0015). | ' |

_,The median express1on of PD-1 on CD56 cells in infants’ drffered between Kanyawegi and
:Ko_kw'et,_6.2901% and»_ 3.205%,re$pect‘ively,' p’=ﬁQ.0249; The same trend was noted in the 1 — 5
:year age group, Where Kanyawegi children had .a signiﬁeantly higher median expression of PD-1
"Irelatrve to Kokwet chrldren (8.990% and 3 905%, respectively, p= 0. 0229) However, there was
no 51gmﬁcant drfference in the median percentage express1on of PD 1 on CD56" cells in age
groups 5 — 9 years, 9 — 14 years and in adults > 18 years (6. 495 and 3 630; p=0.1292, 8.275 and

3.615; p =0.0676, 5.300 and 4. 750 p =0.7349, respectrvely)
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Table 3: Age-dependent frequencies of selected lymphocytes expressmg PD-1 in 1nd1v1duals from areas experlencmg dxfferent R ———

malaria transmission patterns.

<1 yearé' -1 =5 years . 5 -9 years | 9 — 14 years v >18 years
Kany Kok p Kany Kok p Kany Kok | p Kany Kok pvalue Kany Kok p
' value value _value e ~ value

CD4"  3.410 2340 0.6134 5.695 3.565 0.0122 6.705 3.185 0.0007 6.000 2.925 0.0068 8.420 3.610 0.0018

CD8™ 6.050 4.975 0.8286 1595 6.470 0.0698 8.460 6.760 0.6620 9.720 7.125 0.6691 13.58 8.010 0.0151

CDI9" 4.425 2.610 04306 6.630 2.790 0.0098 5.980 ‘3.130 0.0193 7.415 1.890 <0.0001 8.430 2.465 0.0015

CD56" 6.290 3.205 0.0249 8.990 3.905 0.0229 6.495 3.630 0.1292 8275 3.615 0.0676 = 5300 4.750 0.7349

Freshly isolated PBMCs were analyzed by flow cytometric staining with various. combinations of monoclonal antibodies. For each
population, the percentages given are the medians of PD-1" cells within the indicated subset of cells. Statistical differences between
the two groups were determined using Mann Whitney test. Statistically significant values at p <0.05 are in bold.

Abbreviations; Kany (Kanyawegi)-individuals from holoendemic area, Kok (Kokwet)-individuals from hypoendemic area. =
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endemlc Burkltt’ lymphoma

h1 order to.determine if there are differences in the expression of PD-1 on se_lect lymphocyte
:,éhjldren to age-matched children from areas experiencing divergent malaria transmission
patterns.

441 PD-lv:EXprcsSion on CD4" T-cells in endemic Burkitt’s lym»P"_hIOma' patients

ThlS study reports a si-'gniﬁcant difference in the median percentage of PD-1 expressiOn on total

1 of PD 1 express1on on total CD4 T- cells was between chrldren from areas experlencmg

- v-holoendemlc malana and children w1th Burkltt’s lymphoma '

40

4 4 Evaluatlon of Expressmn of PD- 1 on Lymphocyte Subsets in Children with

subsets in children preSenting with endemic Burkitt’s lymphoma, this .study compared these_ ‘

"."4CD4 T-cells between chlldren with endemrc Burkltt S lymphoma (14 88%) in compar1son to. .

f:age matched chrldren from Kanyaweg1 (5 89%) and Kokwet (2 42%, p<O 0001), as. shown in |

L 'F1gure ¥ and Table 4. Further analysrs showed that the greatest d1fference in median percentage '
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JFigure 7: Expression bof PD-1 on CD4" cells in _chjldren bhavihg Burkitt’s lymphoma compared to
children from Kanyawegi and Kokwet. Abbreviations BL- ‘Burkitt:’s lymphdma patients. ***

(p<0.001), ** (p=0.001 to 0.01) and * (p=0.01 t0 0.05) -
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::4.4.2_ Frequency of PD-1 gxpression on CD8" T-cells iﬂ BL patients compared to controls

As shéwn in Table 4' an_d.illu‘strated in Figure 8, there was a diffcrence in thé mediaﬁ perce‘ntagev
expression of PD-1 on total CD8" T-cells when children with BL Wére cbmpared to age matched
children from Kanyawegi" and ‘Kokwet (11 56%, 10.08%, 6.550% res;e_:ctively,_- p=0.0418).
Further analySis revealéd that theré was no significant difference in PD-1 expression on total
CD8" T-cells between children wifh Burkitt’s lymphoma and children from Kanyawegi. On the

other hand, there was a significant difference when children with Burkitt’s lymphoma were |

compared with those from Kokwet (p=0.0121).
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Figure 8: Expression of PD-1 on CD8" T-cells in children having Burkitt’s lymphoma cbmpared
g pre :

o controls. Abbreviations BL- Burkitt’s lymphoma patients. * (p=0.01 to 0.05)
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Table 4: Expression of PD-1 on different lymphocyte subsets in chlldren w1th endemlc Burkltt’ lymphoma relatlve to chlldl‘en
with divergent malaria exposure . :

<0.0001

Kokwet (hypoendemic | Kanyawegi BL p-s'alue | Post test
méléria) (holoendemic maléria) [ Kanyvs | Kany v | Kok
| | kok BL BL
CD4" T-cells | 2.415 (1.900-3.443) 5.890 (5.320-8.430) 14.880 (11.920—20;190)-; <0.0001 | * ik _ ’;’f*'
CDS" T-cells | 6.550 (5.020-8.605) 10.080 (5.530-13.670) ' 11‘.560 (6.970-1'5;2»70)“ '0-‘0418‘» ns - |ns *
CD19" cells | 2.340 (1.505-3.415) 6.615 (4.293412.270) . ,6.1‘803(4.5'58-8'._25.0‘) ' <00001 G ns | e
CD56" cells 3.620 (2.290-6.270) 6.895 (5.2-.38-13.950.)» 22».780-(17;.900;24.9‘90) ns *‘*_ ek

Data are presented as medians (in brackets are the _25th and 75™ percentiles). Kruskal-Wallis test was used to determine differences in
medians between Kokwet, Kanyawegi and BL patients. Dunn’s post test was used to determine which of the three groups differ from
the other. Statistically significant p <0.05 are in bold. Abbreviation: BL= Burkitt’s lymphoma ns - not significant, * (p= 0.01 to 0.05),
** (p=0.001 to 0.01) and *** (p<0.001).
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44.3 PD-1 expression on B-cells in children with eBL compared to children from malaria

holoendemic area in contrast to those from hypoendemic Area.
i - -

‘This study further répons that there.was a signiﬁcant difference in the expression of PD-1 on
‘f.:.CDl‘V9Jr cells when children with Burkitt’s lymphoma were compared to children from
::Kanyawegi and Kokwet 6.180%, 6.615%, 2.340% respectively, (p<0.0001), Table 4. Further
_anqusis revealed that there is nd significant difference in the vex‘.pression of PD-1 on B-pells
between eBL patienté and children ﬁom Kanyawegi, but there Was a significant difference in
PD-1 expression between eBL patients and children frqm Kokwet and bétween childrén from

Kanyawegi and Kokwet.
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‘iguré 9: Expression of PD-1 on CD19" cells in children with BL compared to controls.

\bbreviations BL- Burkitt’s lymphoma patients, *** (p<0.001).
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44.4 PD 1 expression on. CD56 cells in Burkltt’ lymphoma Patients

The expression of PD-1 on natural killer, (CD56 ) cells in children presentmg w1th Burkitt’s
lymphoma was compared with age-matched children from areas that experience divergent

malaria transmission patterns. As shown in Figure 10, there was a significant difference in the

median expression of PD-1 on CD56" cells in children with Burkitt’s lymphoma (22‘.78%)

compared to children from Kokwet (3.620%) and Kanyawegi (6.895%, p<0.0001, Table 4).

‘_:Furthér analysis 'revealéd_that' there was no difference in PD-1 expression on CD56" cells

‘ between Kokwet and Kanyawegi. However, there was a difference in PD-1 expression when

Q'Kokwet:'vs BL and Kanyawegi vs BL were compared.

L *dK "
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| IR ]
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Flgure 10: Expression of PD 1 on CD56" cells in ch1ldren w1th BL compared to controls

Abbreviations BL- Burk1tt s lymphoma patients, *** (p<0 001) ** (p=0.001 to 0. 01)
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' 4.5 Levels of sPD-1 in children with endemic Burkitt’s lymphoma compared 3
_'_:to children experiencing divergent malaria transmission patterns.

- This istudy compared rthe levels of soluble PD-1 in plasma among 'childrgﬁ from areas with
. _divérgent malaria transmission dynamics to those of children With._vBurkitt’s lymphoma. As
'V shown in Figure 11, children with Burkitt’s lymphoma had a signiﬁcanﬂy higher concentration
of soluble PD-1 in the plasma [526.3pg/mL, (88.44 — 767.8)] compared to individuals from
| either Kaﬁyawegi [60.37pg/f_nL, (0 - 177.4)] or _KQkWet [12.63‘pg_/mL,' (0 — 204.4)], p=0.0001.
' Fﬁrther analysis revealed that there was no differencé in the Coﬁcentraﬁqﬁ of soluble PD-l when
-.-..’I.(anyawegi and Kokwet wére cofnpared. However, there was sigrﬁﬁcant diffefence when -

- Kanyawegi vs BL and Kokwet vs BL were compared.

2 -t 3
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Figuré 11: Soluble PD-1 concentration in children with BL compared to age-matched children
from Kanyawegi and Kokwet. Abbreviations BL- Burkitt’s lymphoma patients, *** (p<0.001)
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_i'4.6. Changes in the Cencentration of soluble PD-1 in individuals with
.1 Divergent Malaria Exposure.

"To assess whether continuous exposure to malaria alters the expression of soluble PD-1, results

in Flgure 12 show that there was no s1gn1ﬁcant dlfference in med1an concentratlon of soluble

PD-1 in Kanyaweg1 compared to Kokwet [60. 37pg/ml (0 - 177 4)] and [12 63pg/mL; (0 -

204, 4)] respectively (p=0. 5168).

_Across group comparlson shows that the medlan concentration of soluble PD-1 differ between

children of different age groups, both for Kanyawegi and Kokwet (»=0.0028 and p=0.0006

tespectively), whereby the young children had higher median concentrations of soluble PD-1 as

compared to the adults, Figure 13A and B.

Further, in Qfder to defermine whether PD-1 concentration would: differ between children of

Kanyawegi and Kokwet of different age gfoups, a two-way comparison was made on each age-
-group. As summarized in Table 5, there was a trend towards a higher median concentration of -
soluble PD-1 in Kanyawegi relative to Kokwet in all the age groups but this difference was not

significant. However, although not significant, there was a higher median concentration of

soluble PD-1 among KanyaWegi children in thé 1-5 age groﬁps relative to Kokwet children of

‘the same age group. Coincidentally, it is shown here that this is also the age group that has the

highest density parasitaemia compared to other age groups.
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Figure 12: Concentratlon of soluble PD-1 in 1nd1V1duals from areas with dlvergent malaria
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Figure 13: Scatter pl,ots' of the levels of soluble PD-1 in plasma in individuals of different age
groups from areas with divergent malaria transmission dynamics. (A) Kanyawegi and (B)
Kokwet. - : ‘
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Age group |

Table 5: Concentration of sPD-1 across age groups between Kanyawegi and Kokwet

(years) © '.Gr"oup Concentrations(pg/ml) o p- value |
f, <1 Kanyawégi  17 ~3.9 (87.92 —295.9) 0.8141
| Kokwet 188.1 (88.00 — 221.4) |
- 1-5 Kanyawegi ~ 170.2(64.14-244.5) 104173
1 | Kokwet ~ 127.6 (0-315.6) |
5-9 | Kanyawegi  127.1(39.15-3003) 0.3676
| Kokwet 3321 (9.»47‘-526.3)‘
I 914 Kanyaw_egi “ _»39.24 (0‘—_.93.41‘)" | o..5747
[ Kokviet o'(‘b—»'143.3) | ay
18 | Kanyawegi | 0(0-154.7) 0.1211
' Kokwet_, -~ 0(0- 0)

Data a're_'pres'en’ted as medians (in brackets are the 25" and 75" percentiles) unless otherwise
noted. Statistical difference between the two groups was determined by Mann Whitney test.
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'CHAPTER FIVE
5.0 DISCUSSION

5.1 Modulation of the Expréssion of PD-1 by Exposure to Holoendemic
. malaria | | 0 =
~ This study evaluated the expression of immune regulatory molecule PD-1 in the context of

. differential malaria exposure and in children presenting with endemic Burkitt’s lymphoma. The

i-.'."res_vults ShQ'WS that continuous exposure to high and -stable Plasm()dium falciparum trarism-ission
, aﬁd presentation with eBL are agsociated with elevated ceil surface expression in various ceilular
i‘ . cbmponents of adaptive and inna’pe immune 'vs’ystem-and levels o.f soluble PDfl; Results from this
:f:-:stu_dy also démonstrafe that infanfcs; have _lowef levels of PD-1 expression oh‘lymphocﬁe_ subs_e.ts>

_‘__studi_ed as compared to children of 1 - 5 age grodps.

The higher levels of PD-1 expression obvset.’vedbin C.D8+ T-cells are consistent witﬁ previous
 studies showing tv§0 fold increase in PD—1 levels on total CcDs* T-cells in individuals infected
~with hepati.ﬁsbc virus (HCV) (Golde‘n—MaSoﬁ et al., 2008). In contrast, there was sighiﬁcanfly
highef expression of PD-1 on C..D4+ T-cells in children and adults from malaria holoen(iemic area
~compared to hypoendemic area. Studies inv mice infected with P. yoelii demon‘stxl'ated le
: epression levels of ‘PD-I on naive CD4 célls énd an increésed expression of PD-1'on éc'tiﬁted
CD4 cells after -infecfion (Chandele - et él., 2610). Taken together, these data suggest .that
.eXposure to malaria incfease_s the expressién of this inhibitory molecule én the surface of C_D4+

T-cells.

During chronic viral infections, expression of high levels of PD-1 has been noted on CD8" T-

cells (Barber et al., 2006; Day er al., 2006) and in mice infected with P. yoelii, an increased
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| expression of PD-1 on activated CD8 T-cells ,afterr infection was observed compared to naive
- CD8 T-cells (Chandele er al., 20105§ This study is %h_e first t;) evaluate the surface éﬁpression of
"’VPDb-l on CD8" T-cells in individﬁals who have repeate_dly been infected With malaria pérasites
-compared to those who have not, and found that continuous exposure to ‘r‘r‘;alaria antigens may
not strongly suppress the effector function of CDS% ceils asb 1n the case of CD4" T-cells. Further,
the observation of increased expression of PD-1 o CIv).4+ and CD8" T-cell subsets in chronic
Fial infeéﬁon and ﬁigh malaria tranémissiOn sugge'ét that tﬁi's molecule has an essential role in

persistent infections.

A significant dysre_gulation in B-cell differéntiation has Been observed in individuals living inA
-areas _of holbéndemic y 2 _falciparuin 1n comparison to those .fromihypoendemic malaria areas
’(Asito‘ et al,,u 2008), But wﬁether "ﬂii's .expansior.l of B-éellé is acgcompanied by-vchanges in
expression of suppressive surface molecules has n,ot‘ been evaluated. The present study reports an
increase in the expréssion of PD-1 on B-cells in individuals from malaria endemic area as
compared to individuals ﬁom unéwble malaria transmissioﬁ aréa. It is well established tﬁat PD-1
is expressed énly on activated and ﬁot’resting B-cells (Agate et al., 1996) furthér suggesting that -
P. falciparum exposure increases the pool of activated B-cells that could be secretir‘ig antibodies
evident by the higher levels of total immunoglobulins in children with malaria compared to
controls (Aéito etal., 2008). However, upregulation of PD;I molecule on B-cells .is reported to
inhibit BCR signaling and antigén ‘stimulated B-cells (Okazaki er al, 2001) leading to
speculation that continuoué exposuré fo malaria may actuélly suppress the functiéﬁ of B-cells.
This conclusion further support the observation that expoéure to P. falciparum antigens causes

defects in B-cell population (Dorfman et al., 2005). |
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.'Natural killer (NK) cells are a group of lymphocytes that can be activated without prior

iig_vsti_rnulation (Heusel and Ballas, 20(5-3), hence they are important in ﬁrst_’ line defense against
‘i"'various_ pathogens and tumor cells as they produce high levels of pro-inﬂammatory ’cytokine's.
\' needed to.clear parasites (Horowitz and Riley, 2010). They detect the presence of infections
“.. using activating and vinhibitory receptors on their surfaces (Papazahanadous et al., 2007).
Investigation of expresswn of the 1nh1b1tory molecule PD-1 on NK cells in the present study also
' shows that per51stent malarla exposure upregulates expression of PD-1 on NK surfaces especially
in children aged below five years._Slnce NK cells are a significant sonrce of IFN-y during early
. course of malaria infection, the elevated expression ‘of PD-1 on NK cells could impaif their
function-thereby worsening the infection. This idea ivs snnported by a study that associated the

'upregulatlon of PD-1 in chromc HCV infection w1th funct10nal 1mpa1rment of NK cells (Golden-

Mason et al. 2008)

5.2 Age related changes in the expression’ of PD-1

It is 1nterest1ng to note that in 1nfants (<1 year), the level of PD 1 expression on CD4 , CD§",

- CD19 and CD56" cells was low compared to chlldren aged 1 -5 years w1th1n the holoendemic
malaria transmission region. Possible explanation for this observation is that children born to
motners exposed to high tnalaria ttansmission may be immunologically sensitized to malaria
antigens due to prenatal exposure (Malhotra et al., 2009). This exposure may lead to
upregulat.ion.'of suppressive Imolecu‘les leading to immune anergy or tolerance in this population
of infants. The consistently lower PD-1 expression observed in infants independent of malaria

expOsute compared to children aged 1 — 5 years could be due to the fact that they may still be
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‘ iﬁimunologically naive (have not been evxpobsed to P. falciparum malaria antigens) or that the

exposure has not reached a threshold to start its inhibitory ﬁmction.'

'__-'5.3 Expression of PD-1 in children with endemic Burkitt’s 'lym'*phoma

: Tumors have the aBility tob evade immune surveillance and antitumour ifnmunity is provided by

:t_he interacﬁon of vnegative and positive co-sﬁrﬁulatory signals (Sharpé. et al., 2007). Several

: ;fadtors including membrane bound and'solul.aie‘mol.ecules have been implicated in the fumor‘
:  é_s’cape mechanism. Recently, the role of Pb—l pathway has received attention in the ev_asion‘of.
'immunosur;/eillan.ce by tumors with some studies éuggesting the iﬁvolvement of PD-1 pathway-
in hematologic malignancies‘(Kier et al, 2008). PD-L1 has been shown to be expressed on a

- number of solid tuhlo'rs and increased expressién of PD-L1 is associated with poor prognosis g
:fi'(’Greenwald et al., 2065; Blank and Mackensen, 20(57). It has also been décu?nented that it binds
- to PD-1 leading to inlﬁbition or attenuations of anti-tumor activity by effector T-cells (Freeman
| et al., 2000). Further, r_it has been shown in animal models that PD-1 on tumér cells inhibits T-
cell activation and ‘also' the lysis of tumor célls (Hiran_o et al., 2005); énd that there is increased
~ expression of PD-1 on CD4" and CDSf cells 1n periphcral blood of nil_cl'anom'a patients (Hino et
al., 2010). Collectively, th¢ aforementioned studies support the fuﬁc_tion éf PD-1 as a negative
] irﬁmune regulator in tumor eradication or rejectioh. The _results' from this study are congruent

with the above observations since there was a higher expression of PD-1 on the lymphocytes.

~ PD-L1 expression has been associated with poor prognosis in many cancers, including cancer of ,
| the larynx, lung, stomach, colon, breast, cervix; ovary, renal cell, bladder and liver, as well as in
melanoma (Blarﬂ{ and Mackensen, 2007). Further, it has been suggested that these tumor can

evade the immuner system by attenuating tumor-vspeciﬁc T-cell responses >through the PD-1/PD-
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L1 pathway by neéatively regulating T-cell: proliferation and cytokine production (Dong and
| Chen, 2003; Iwai ert al., 2002). The slight difference in the expression of PD-1 on CDS* T-cells
in BL patients compared to the age-matched controls from both Kanyawegi and Kokwet could
negatively impaet on re-sponses to EBNAL, the viral antigen. that is exclusively expressed hy BL
cells, are poorly antlgemc and has l1ttle or no’ HLA class 1 response (God and Haque 2010). This
therefore could partlally explam the poor CD8" response in Burkltt s lymphoma pat1ents ‘Since
BL tumor cells dlsplay latency program III (Thorl-enyawson and Allday, 2008) and only express
EBNA1 and not other EBV antigens, it is thought that cytotoxlc CD8" T-cells do not efficiently
recognize BL tumor cells and s_o are incapable of mountingan‘effe'ctive immune response against
them (Staege et al 2002) Natural killer cells are known to play a crucial role in controllmg
pathogens that evade the effector CD8 T-cells by ‘down- regulatlon of essent1al recogn1t1on
molecules like MHC 1 (Farag et al, 2002). Further, it has ‘_been suggested that NK cells are able
to kill many canoer eells whil‘e sp‘aring‘ normal cells. (Smyth et al 2003).  Therefore,
s1gn1ﬁcantly hlgher PD 1 expression on natural klller cells (CD56 ) and not on CD8" cells
observed in BL patients in this study could be one of th_e means of suppressing the effector
activity of NK by tumor cells and further suggesting the crucial role of NK cells in tumor

eradication.

Though this study did not measure the viral loads in these samples, it has been reported that an
l'ncrease in PD;l expression correlates with the viral loads,b decreased CD4 counts and reduced
proliferative potential to HIV antigens (Trautmann et al., 2006; Day et al., 2006). It would
therefore he interesting :tob look at the EBV viral loads since yiral infections modulate PD-1

expression that may result in persistence of the virus. -

55

MASENO UNIVERSI: -
S.G. S. LIBRARY _ |




54 Lev'els'of soluble VPI‘)-I in Burkitt’s ly-mphoma
- This study reports for the first time thatthere is a significant increase in the median concentration
of soluble PD-I in children diagnosed with eBL compared to children fro,m areas with divergent
malaria transmission dy'namics; This increase could be attributed to the fact that in endemic -
Burkitt’s lymphoma patients, there is polyclonal activation and expansion of lymphocytes (Weiss
et al., 2009) resulting in increased numbers of cells that are secreting PD-1 into the plasma. This
observation is congruent w1th prev1ous studles showing that sPD-1 is elevated in patients w1th
rheumatoid arthritis and that the aberrant function of membrane bound PD lis assomated with

the increased express1on of sPD-l (Wa'n et al.; 2006).

The precise ﬁlnction of sPD-is in Burkitt’s lymphoma pathogenesis is ‘still speculative. sPD-l

may compete for its llgand w1th surface PD-1 hence blocking the interaction between PD-L1 on

APC and membrane bound PD 1 on T-cells thereby 1nterfer1ng with the 1nh1b1tory signal sent to |
T-cells for enhancing immune responses resulting in the dampening of immune responses.

The function ot‘ PD-1 pathway is usually altered in viral infections ancl cancer so findings from
this study were not surnrising but conﬁmiatory. A number of studies have reported. an increase in
PD-L1 in solid and hematopoietic tumor which interferes with anti tumor immunity (Thompson
et al.;,2007; Zhang and Strome, 2004). -Consequently, it is interesting to -speculate that sPD-1 in
plasma. of Burkitt’s patients bind to its ligand on tumor cells in the absence of strong TCR
signaling and ., positive  co-stimulation from activated DC resulting. into anergy, instead of
recognition and elimination of these neoplastic cells (Keir et al., 2008). Therefore, increased
expression of sPD-1 may reﬂect the dysregulation of T-cell immunity to BL thereby contributing

to the pathogenesis of the disease. Future studies should explore PD-1 expression on the B-cell
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- tumors themselves and determine if in vitro anti-PD-1 blocking experiments restore function of

_EBV-speciﬁc T-cells (Barber et al, 2006).

C

<

: On the other hand, éontinuous exposure to P. falciparum malaria antigens seemingly does not .
- modulate the expression of .sPD-‘_l since there were no significant difference in expreséioh
‘between high and low malaria traﬁsmiééion areas. Although there may have been a prolonged
| period of higher PD-1 expression with increésing' age (up to 5 years which corresponds to thé age
, groups with the higherlﬁa_ras_ite densities), sample size presented in this study was not powered to

 verify this trend.

5.5 PD-1 Pathway, a»ll)ossible EBV immune evasion stratcgy?
Burkitt’s lymphoma i's,'e.trc'ommon childhood cancer and has the highest incidence within maiaria ’
holoendemic regions of equatorial Africa (Burkitt, 1958). In additio'n, it has been demonstrated

that by the age of}thlree, nearly 100%.of thé children in these’.areas“ are EBV seropositivé (Biggar _
et al.? 1978); Several lines of evidence suggest that an interaction between P. Jalciparum malaﬁa '

-and ear_ly-age of primary EBV infecﬁon are critical in the emergence _df eBL (Rochford et al.,
2005; Roughan ef al., 2010). .Epstein Barr virus, one of the aetiological agents of BL is a B-cell
lymphotrdpic virus that can infect néaﬂy all B-cell subsets’ (Joseph_‘ et al., 2000). However, EBV
viral. esfablishment and persis’tence in rﬁaléﬁa ehdemic‘ areas is st:ill under studied and immune
exhaustion has been suggested as a possible mechanism of viral pérsistenée (Moskophidis ef al.,

1993, Doherty, 1993).
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CHAPTER SIX

~ 6.0 CONCLUSION AND RECOMMENDATIONS

<

6.1 Conclusion

1.

It has been documented that 1n self limiting acute infections such as with vaccinia viius,
very little or no PD-1 is expressed on T-cells, while in chronlc infections such as EBV,
HIV and LCMV, high levels of PD 1 is expressed on T-cells (Freemann et al., 2006).

Further, data from this study demonstrate that PD-1 was expressed at low levels in the

~ immune cells in individuals from areas with very little malaria exposure, was relatively

higher in individuals from malaria holoendemic areas and was significantly elevated in

- children diagnosed ‘with endemic Burkitt’s lympho.rna. This may suggest that under

conditions of continuous antigen _exposure with two pathogens (i.e. repeated, chronic
asymptomat1c malaria 1nfectlons in conjunction with h1gh EBYV viral loads) the proper
regulatlon of the PD-1 pathway could be pivotal in eBL pathogenesis.

The functlonal antagonism/anergy of the over expressed membrane bound PD-1 on T-
cells of BL patients could be niediated by sPD-1 that is secreted in plasma. This
conclusion is based on several lines of evidence including the signiﬁcantlv elevated

levels of sPD-l _ in BL patients compared to children experiencing divergent malaria

transmission dynamics. In addition, it has been shown that sPD-1 is able to block the

function of membrane bound PD-1 in vitro experimental systems (Wan et al., 2006) and
therefore it is possible that it attenuates the PD-1 pathway therefore worsening the

disease.
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6.2 Rec’ommenda'tions‘

6.2.1 Applications of the observations of current study

<

- 1. Since thfs study has demonstrated an increased expression of PD-1 in individuals from
- holoendemic area compared to hypoendemic A‘.a_brea and the fact that it contributes ‘tb £
dysfunction of immune cells, tlﬁs suggest a no_vél stratégy for the treatment of parasitic
nfeotions.”

2. The results from this study have demonsﬁated elevated expression of PD-1 on
“‘lymph'oc.yte's in children §vith Burkitt’s lymphorha and other studies have reported
| overexpression of the PD. l'i.génds in various cancers? and i;iterfering_with PD-1 dr its

ligaﬁds increases'ant_i“[;lmorj:immﬁnity. Thus Bloékiﬁg PD-1 inhibitory si‘gﬁal by speciﬁé

- monoclonal antibodie.sh’asv.a potential clinicai appli_cation in the treatment of cancer and
other infectious diéeases. | V

3. The ‘obserVationé_ in this study of the elevétéd "soluble PD-1 in Burkitt’s lymphoma

patients and the fact thatvit couﬁteracts the function of membrane bound PD-1 provideé a

possiblévexplan'ation for the Worsening of the’disease.‘Therefore therapeutic .management

of BL and other cancers is possible by blbckade of the interaction of PD-1 and soluble

PD-1. ' : ' | ‘
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' 6.2.2. Recommendation for future studies

1. This study defﬁonstrated an increase in PD-1 expression on»lymph(‘)cyt‘es iﬁ a cross; :

bsection of individﬁals ffoﬁ a holoendémic malaria region, howeve;,“ further longitudinal

studies should invéstigafé PD-1 expression in individuals with rebeat episodes of acute

Cliﬁical (i.e. symptomatic) malaria in order to determine the trajectory of PD-1 expression
kinetics and describe temporal variatisn in PD-l expression. ‘

2. This study demonstrated:ths expression of PD-1 on.‘ ;otal ljmphocyte subsets.- Further

| studies are warranted to lsok into the specific lymphocyte subsets e.g. naive, efféctor or

nsemory cells that éxpress_PD-l.‘ In addition,' anti'gen-speciﬁc T-‘cel.l subsets (at least for

. EBV-s'peciﬁc' CD4 and CD8 T-cells) could be esamiried for PD-1 expression us_ing HLA-

tetrarﬁers. | ' | | | A |
3. ‘F‘lllture studies will be ﬁecessary to look at the expression of other inhibitory receptors

(such as CLTA-4, BTLA, LAG-3, CD160, and FOXp3) and whether these inhibitory

receptors are co-expressed on the same cells. -
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