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Abstract

Introduction : Leishmaniaisis agroupof parasitic diseases caused by obligate intracellular
protozoa of the gendsishmaniawith more than 20 pathogenic speclesisimaniainfects
approximately 12 million people annually in 98 countries. The deaths associated with this
diseaserangesbetween 20,000 30,000 per year (WHO, 2018). Therefore, the nked
treatments or vaccinegget more urgent. Macrophages are the ultenhbst cell for the
Leishmaniaparasite where it survives and multiplies. Though, a lot is known on how the
Leishmaniaparasite survives and multiplies inside macrophages, there are stillsaspect
related to pathophysiological and immunological responseghtr infection that need
further investigation to aid in the development of n@ecines or drugs for this diseabe.

this study,a virulent and aviruleni_..mexicanamodel was developed to examine their
interaction with bone marrow derived macrophad@?[@M) from susceptible (Balb/c) and
resistant (C57) mein vitro.

Methods: Virulent L.mexicanaparasite MNYC/BZ/62/M379 (P1) was maintained by
subcutaneous inoculation of Balb/c mice. Avirulermexicangpassage twenty (P20) was
produced by sub culturgnof L.mexicangassage one (P1) twenty timeitro. The effects

of 20 continuais passages afirulenceassociategere (LPG1, LPG2, A2, CHAT1, CPB2,
CPB2.8, CPC, GP63, LACK, and MAPK9)eveinvestigated using gqPCRhe expression

of LPG and PS was alsmvestigated usindlow cytometry and immunofluorescence
analysis. Growth characteristics and morphology of avirulent (P20) and virulent (P1)
L.mexicangparasites grown in two media (Schneid®rssophilaand RPMI1640)n vitro

were investigated underffirent culture conditionsgémpeature, and oxygen) using light
immunofluorescence microscopy, EM and AFM. Differentiation into amastigotes under
several conditions was investigated by estimatidrthe number of amastigotes. The
infectivity of the parases at each passage was also assklsy hemocytometry and Alamar
blue assay. Survival of parasites inside macrophagssssessed visually by labelling the
parasites with CFSE stain and the ability to form PV in BMDM from C57 and Balb/c mice.
qPCR was u=sd assess the expression-pritammatory cytokine expressigiiNF- U |L-6,

IL-1 6 a n- pAdGIHSA was used for estimationof TF i n t he cul ture supe
Annexin V stain andlow cytometryanalysis was used to assess apoptosis of infected cells.
gPCR was used to assess the esgion of genes associated wiffoptosis (B, BCL 2,
Caspase 1, Caspase 8, Caspase 9 and PD 1). The effect of supernatants derived from cultures
of infected BMDM on the P1 and P20 promastigotes growth and virulence genes regulation

was also investigatday qPCR.



Results: Twenty passageof L.mexicana in vitrocaused significant changes parasite
morphology, ability to differentiatento amastigotes andownregulationof all tested
virulence associated gen&xpression of LPG decreased, and PS increased on the surface
of L.mexicangromastigotes. P20 infeaiboth Balb/c and C5SBMDM but failedto survive
inside BMDM both mice straind?1 survivel and inhibied apoptosisaccompanied by
significant downregulatin of Caspase 8 by qPCR. Both P1 and P20 irttineerelease of
TNF-U a sirmeddoy dPCR and ELIS/R1 promastigotes incubated in conditioned media
derived from Balb/c BMDM infected with PEnhaned their growth accompanied by
upregulation of LPG1, CHTICPB2 and CPB2.8. While, incubation in conditioned media
derived from C57 BNDM infected with P1 inhibited their growth and caused
downregulation of LPG1, LPG2 CPB2, CPB2.8, CHT1 and A2.

Conclusion: Culturing of L.mexicana in vitrofor 20 passagebas produced significant
changes in their ability to differentiate from promastigatego amastigotes, the ability to
survive in macrophages and regulation of apoptosis associated genes. Supernatants produc
by BMDM infected with P1 enhandeghe growth ratef P1 promastigotes, when derived
from Balb/c and inhib#&d their growth when d#ved from C57 cells. Understanding
differences between P1 and P20 and their interaction with mammalian host may help in
identifying the virulence factors of PIL.mexicanawhich may aid in development of

vaccines or drugs against this disease.
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Chapter 1:

Introduction



1.1 Introduction

Leishmaniais describesa group of parasitic diseases causeg obligate intracellular
protozoa of the gendsishmaniavith more than 20 pathogenic speciesishmanianfects
approximately 12 million people annually in 98 countries, with an estimated 1.3 million new
cases every year. The number of deaths asedaondth this disease range between 20,000
30,000 per year according to reports by the WHO (WHO, 2018).

Leishmaniais has multiple clinical forms whiclare the outcome of the damage to
macrophages caused hiye Leishmaniaparasite (CDC, 2(). There are taleast three
clinical forms; cutaneousnucocutaneouand visceral with theutaneoud.eishmaniais or
dermal Leishmaniais as the most common foraof this diseaseThe cutaneoudesion
develos a few weeks or months after infection witte promastigotédorm of the parasite
Lesionsstart with papules (nodular plaque) then develop into skin ulcergigirig edges

and covered with crust. In some cases, the lesion persists as a nodule stage with no ulcers.
Although the ulcerative lesions are usuallyntess, they could be painful@ssociation with
secondaryacterial infection (CDC, 2@). SkinLeishmaniais can persist for long periods
and could last from several months into years causing permanent schgsiraisent,
unaesthetic stigma and disatlyilin some cases (CDC, 281WHO, 2013).

The mucocutaneouorm israre but it is more serious and usually need treatnfgare
species ofLeishmaniaparasite thatan cause cutaneouseishmanigis amastigotecan
spread fronthe skininto mucous tissuef the mouth, nostril or even mouth palate causing
mucocutaneouseishmaniais. This can happen after the healing of a skin ulcer, which
usually occurs after several monthsofaneouinfection withLeishmanigCafasso, 209).
Viscerd Leishmaniais (kab-azar)caused byi.. donovanior L. infantumcanbeafatal form

of the disease; it usuallgffectsthe internal organs such #w spleen bone marrow, and
liver (CDC,2018; Cobo, 2014). The estimataedmber of new casesnualy areabout half

a million with a mortality rate of 50 00060 000 per year. Viscerdéleishmaniais is the
secondmost commorfatal parasitic disease in the world, after maléRaisingey et al.,
2007; Cobo, 2014).

1.2 Transmission

Leishmaniaparasite protozoa that caulseishmaniais are more than 2@pecies and can
infect approximately 70 animal species in addition to humans, which act as a natural
reservoir. Thd_eishmanigparasite promastigotese transmitted tthe host through biting

by the female sand fly vectoPlilebtomusPsychodopygu&utzomyid, which have more

than 90 species or ssfipeciegWHO, 2018).



The sand fly is most active in hot and humid weagKélick, 1999) it can also pass through
bed nets due to its tiny sipgd/HO, 2013). The amastigotes transform irgoomastigog, live

and multipy insidethemidgut of the female sand fly vectdsuallyrats, gerbils, hamsters,
dogs and foxesct as reservoirs for these parasites. Therefore, sand flies transmit the
promastigote from infected animals into humans. Tdlsycan be transmitted by other rare
wayssuch as through damaged skin during dealing with promasiigbtee lab, sharing
syringes, blood transfusionand congenitdly from mother to heoffspring (WHO, 2013).
Leishmaniaalso can be transmitted by an aofonotic way which is from infected human
into humanby thevector(CDC, 20B).

There are many factors which can contribute to the spreadibgigtimaniais into new
nonendemic areas such as improvements in transportand climate change€DC,
2018). In addition thelack of effective treatment, reliable vaccines and effective diagnostic
programmes which can identify early infecti@iso contribute to its spre@@FSA AHAW,
2015).

1.3 Clinical signs

The ncubationperiod is usually between one to tweeks but may be months or years
depending on the form dfeishmaniais. The lesion develops after exposure to sand fly
biting inanendemiarea Clinical findings of the skin formaremainly characterized bskin
ulcersand mayleadto difigurement if i the face (Reithingeet al, 2007; Cafasso, 2@)
Clinical signs ofmuco-cutaneous formappear 15 years after healing of skin lesgit may
start with ulcers in the nostril, mouth and lipgrogressing tmther symptomsuch as
dyspnoea, nasal disatge, ancepistaxis (Cafasso, 201

Incubationperiod of visceralLeishmaniais is between-B months in most cases of this
form; symptomsinclude weight loss, tiredness and weakness, splenomegaly, liver
enlargement, decreasing of red blood cell counterfavhich may persist for weeks or
months, cough, bleeding, night sweatsair loss, secondary infection by other
microorganisrs, desquamation (scaly skin) and grey, ashenrsliyalso present during the
diseas€Cobo, 2014; Cafasso, 291

1.4 Epidemiology

The number of deaths associated with this diseasesaegyveen 20,00830,000 per year
according to WHO estimation (WHO, 2018). Approximatel¥®&f the Leishmaniais is
thecutaneous formand is found mostlin Algeria, Afghanistan, Brazil, Iran, Paian Peru,

Colombia, Saudi Arabia, Syria, and Tunislde visceral forms morecommon in India,
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Bangladesh, Sudan, Brazil, Ethiopia, and Nepélcocutaneousorms mainly occur in
Brazil, Peru and Bolivia (90%) (WHO, 2018). The most casetehmaniais were
reported in 2014 by WHO are India, Brazil, Etlopia, Somalia, and Sudan (WHO, 2018).
In the NewWorld, the most common form is also cutanedesshmaniais, and the most

affected countries are Mexico, Argentina, Peru and Brazil.

Status of endemicity of cutaneous leishmaniasis worldwide, 2015

Countries reporting
imported CL cases
Iran - 908 Kuwait - 7

- Turkey - 815 Paraguay - 4
Jordan - 187 Venezuela - 4
Iraq - 186 Argentina - 3
France -105 Belarus - 2
Lebanon - 95 Bulgaria - 2
Egypt - 30 Greece - 2
Colombia - 20 Russian Federation - 2
United Kingdom - 15 Czech Republic - 1
Suriname - 12 Mexico - 1
Portugal - 9 Thailand - 1
Qatar -9

e
°
°
°
°
¢
-
\

Number of new CL cases

reported, 2015

5000

B 1000-4999 }

E No autochthonous cases reported
E 100990
n 3 <100 B No data

CJo [ Not applicable
The boundaries and names shown and the designations used on this map do not imply the expression Data Source: World Health Organization 1d Ith
of any opinion whatsoever on the part of the World Health Organization concerning the legal status Map Production: Control of Neglected i WOI' Hea t
of any country, teritory, city or area or of its authorities, or concerning the delimitation of its frontiers Tropical Diseases (NTD) Orgamzatlon
or boundaries. Dotted lines on maps represent approximate border lines for which there may not World Health Organization

yet be full agreement. © WHO 2017 All rights reserved

Figure 1.1: Cutaneous Leishmanasis Distribution
map illustrated the infected individual numbers cutaneous form Leishmaniasis in different
the word (Adapted froVHO, 2018, WWW)



1.4.1 Leishmania parasite species thatare known as causative

agens of Leishmaniasis in humans

Table 11: Leishmania parasite species known as causative agentshafman Leishmaniasis
Showsa list of Leishmanigparasite species known as caiv&aagens of Leishmaniasis in

humans.Includng classification of New World (NWand OldWorld (OW), species of
vectors and endemic areas along with type of clinical lesion, Vidceishmaniasis (VL),
Cutaneous Leishmaniasis (CL), Diffuse Cutaneous hoesiasis (DCL) Mucotaneous
Leishmaniasis (MCL), and PeKiala-Azar dermal Leishmaniasis (PKDL§{llespie and
Pearsor200, Rogers, 2012).

Leishmania Origin Type of Vector Endemic area
species Leishmaniais
L. amazonensis NW CL, DCL, Lutzomyia Brazil, Bolvia, Venezuela
MCL longippalpis
L. mexicana NW CL, DCL Lutzomyia USA, Ecuador, Venezuela
longippalpis Peru
Lutzomyia
diabolica
Lutzomyia
abboneci
L. tropica NW CL, VL Phlebotomus| Middle East, Central and
arabicus North Africa, Central Asia,
Phlebotomus India
sergenti
L. venezuelensis NW CL Venezuela
Northern South America
L. braziliensis NW CL, MCL Lutzomyia South America, Western
longipalpis Amazon Basin, brazil,
Bolivia, Venezuela, Peru
Guatemala
L. guyanensis NW CL, MCL Northern South Anréca,
Brazil, Bolivia, French
Guiana, Suriname
L. lainsoni NW CL Brazil, Bolivia, Peru
L. lindenbergi NW CL Brazil
L. naiffi NW CL Brazil, French Guyana
L. panamensis NW CL, MCL Lutzomyia | Central and South America
gomezi Venezuela, Brazil, Panamy
Colombia




L. peruviana CL, MCL Peru, Bolivia

L. shawi NW CL Brazil
L. colombiensis NW CL, VL Colombia
L. donovani ow VL, PKDL Phlebotomus| Central Africa, Middle East|
argentipes South Asia, India, China
L. major ow CL, DCL Phlebotomus| Central and North Africa,
papatasi Central Asia, Middle East
Phlebotomus
duboscqi
L. aethiopica ow CL, DCL Ethiopia, Kenya
L. infantum NW VL, CL Phlebotomus| North Africa, Middle East,
ow ariasi Mediterranean countries,

Central Asia, Central

,South, North America

L. martiniquensis NW VL, CL Martinique, Thailand
ow
L. siamensis NW VL, CL Central Europe, Thailand,
ow USA

1.5 Prevention and control

The most effectivéeishmaniasiprevention methods are by controlliogntermediate host
sand fly to decreadbetrarsmission of disease. This can be achieved by using insesticide
or the use of biological control methods of these insects. Controlling of resspeaies

such as dogs or gerbils of infected aeealsoeffective(CDC, 2018).

1.6 Treatment

In most cases taneousLeishmaniais heat spontaneously without treatment bafter
several months or years of infectiohccording to European Food Safety Authority (2015)
currently there is no effectiieeatment tat can absolutelgure the diseasendcompletely
eradicatetheLeishmanigarasite. Treatment can usually helghaeimprovement of clinical
manifestations by reducing parasite infiltratiotoimfected body tissues (European Food
Safety Auhority, 2015). There are many antiparasitic drugs used lfershmaniasis
treatment such as paromomycin, amphotericin B and antimony compounds (sodium
stibogluconate and meglumine antimonigteafasso, 2019)'hese treatmenisan help to
speed up healingrevent secondary infection, and prevent or reduce scars ebpedate

skin lesion In some cases, facial ulsetan cause digjurement and may need plastic

surgery and graftingln addition, defaults in treatment t¢fie mucocutaneous form in
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mucosal tissues such as the nagstmlouth soft and hard palateny cawse massive
destruction of these tissues (Handderl, 2015.

1.6.1 Antimony
Antimony is asemimetalgrey coloued compound foundhaturallyas a part othe earth's
crust. ltwasdiscovered approximately 1600 BC (ATSDR, 20Rdyal Society of Chemistry
2016) Antimony as achemotherapy drugs comes in tworms for treatment of
Leishmaniagis sodium stibogluconate and meglumine antimoniate (Cafasso9).201
Antimony isthe first choce of treatment in human and aninh@ishmaniais in endemic
areas (Jeddit al, 2011).
Sodium stibogluconate (Pentostam®) is an injectable medicine which contains 100 mg
antimony per rh. It is used fotreatmentof the three forms ofeishmaniais (cutaneous,
muco-cutaneousand visceraleishmaniais). The mode of action of this edicine is still
unclear Antimony reduces energy metabolism in the parasites by reducing ATP (adenosine
triphosphate) and GTP (guanesitriphosphate) (ATSDR, 2011).
The drugcan beadministrated by intravenous injection orthgintradermal route at thete
of infection. This medicine contains large particles betweeB@0Omicrons so it should be
filtered by 5micron filter before anhinistration. The effectivity of antimony has
significantly dropped andas beome ineffective in approximately 50% of sceral
Leishmaniais cases Rerry et al., 2015)The treatment requires injection, which may be
difficult to do in some tissues; in addition, failure in the treatment of mucocutaneous form
in mucosal tissues, such as nostrils ti@outh's soft and hardaates might cause massive

destruction of thesissues.

1.6.2 Amphotericin B
Though intravenous injections of Amphotericin B are regularly used for the treatment of
L.mexicananfection the experimental administration of this difiags to inducea positive
effectin susceptible Balb/c and 129SVE mioéected with cutaneous. mexicanan vivo
(Varikuti et al.,2017). Morizotet al, (2016) reported that the failure of treatment or even
relapse by amphotericiniB vivobut notin vitro is due to immunosupgssion of the patient.
The medicinehas beershown to beeffective in vitro (Lachaudet al., 2009) therefore,
Morizotet al, (2016) suspect that the mechansitheme d i cefficaey differentfrom

sensitivity of this parasite to antimony.



1.6.3 Miltefosine
The active ingredient of Miltefosine is tobhemotherapeutidrugalkylphosphocholindt is
anexclusivelyoral drug that used for treatmentd.eishmaniais it is used for both VL and
CL, especially in areas with antimonial resistagishmanigSundaret al.,2002). However,
relapse or resistance against this dnagalso been reported (Per¥rctoria et al., 2003;
Pandeyet al.,2009; Mishra and Singh, 2013).

1.7 Vaccination

Many types of vaccine have been investigated, such as filtedastigotegeither with or
without adjuvants genetically engineered parasites, recombinant antigens, and parasite
subunit antigen, but with little succedéddabber2010) In addition, using leishmanization

by inoculation of healthy individuals withlaw dose ofive Leishmanigparasite to develop
Immunity against this disease is unacceptable becdhissassociated with develagentof
nonhealing lesions (PalatniRe-Sousa, 2008)

Live attenuated leishmanial vaccines are the best standardprédection against
leishmaniasis. Vaccination with live attenuated parasites, which are infectious, but non
pathogenic, has major advantages compared to vaccination with killed parasites or
leishmanization Kedzierskiet al., 2006). Attenuated live vacciaare produced bydng

term incubatiorin vitro (Mitchell et al.1984) or by using-irradiation Rivier et al.,1993),

or by culturing under gentamicin pressurevitro (Daneshvaret al., 2003), or using
temperature sensitivitygorczynskiet al.,1985).Genetic mutationsrdknockoutof specific
virulence associated genesuldlead tolossof pathogenicity of the parasitStfeitet al.,

2001; Nagill and Kaur, 2011).

Currently there is no effective authorisagtcineagainst_eishmaniaegistered in European
countries.Taking evidence from the fact that individuatdected andhenrecovered from
Leishmaniais can becomaesistant to rénfections, implies that develping a vaccine
against this disease is possilfkhamesipouret al., 2006). However, there is only one
authorised vaccine for canine (CaniLeish®) which provide part@tigation to dogs against

L. infantum(EFSAAHAW, 2015)

1.8 LeishmaniaParasites

1.8.1 Leishmaniaparasite classification

The Leishmaniaparasite and_eishmaniavector classificationis controversialdue to the
discovery of new species and new endemic abedkjn the oldandnew worlds (Akhoundi

et al., 2016). TheLeishmaniaparasite isa eukaryotic microorganism belonging to the
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kingdomProtista sub kingdomprotozoaorderKinetplastidagenusLeishmaniaandfamily
TrypanosomatidaeThere are about 31 speciek leeishmaniaknown which can infect
mammals, 20 of those species are zoonotic. However, 11 of these 20 species have veterina
andmedical importanceGillespieand Pearsor2003 Rogers, 2012Akhoundiet al.,2016).
The genud.eishmanias divided into hree subgeneta@ccording tavherethe promastigote
phasas found inthesand fly. The subgenl®ishmaniain whichthepromastigotes found

in the foregut and midgut of the sand fly alimawgttract, whilein the subgenu¥iannia a
promastigote phasi#evelopsan the hindgut ofthesand fly with later migration of flagellates
to the foregut and midguSaurdeishmaniasubgenusinclude species that partieuly
parasitize lizards (Bate2007).

Taxonomy of thd.eishmaniagenus, subgenus and species dempf Leishmania is
demonstrate¢Realet al.,2013)

Trypanosomatidae

| | | | | |

w
3
5 e
o Crithidia Ler Herp Blastocrithida Lei: i Tryr Phy Endotr
" |
: | | \
2 Leishmania Vianna Sauroleishmania
@ | hk_‘
L. donovani L. tropica L. major L. aethiopica L. mexicana L. braziliensis L. guyanensis

Species
Complex

L"";,":f‘f:‘:{. L. kilicki L. major L. aethiopica
i L. tropi e
L. infantum ropica L.pifanoi _

L. venezuelensis

o L. braziliensis )
L. mexicana L. peruviana L. 9uy L. tar
Lp L. gymi

Species

Figure 1.2: Overview of theL. mexicanacomplex
Taxonomy of the_eishmaniagenus, subgenus and species compléxeghmanial..mexicands

belong to thd.. mexicanacomplex, and subgenlgishmanig/Adapted from Readt al.,2013).

1.8.2 L.mexicanagenome
L.mexicana genome has been sequencedat the Sanger Institute. Leishmania
mexicanagenome size is32 MBPs with 34 chromosomes. The percentage of
nucleobaseguaning(G) and cytosingC) is approximately 59%S@anger, 2018). However,
the gene expression profile during differentiation from promastigote into amastigotes,
demonstrates the differentiakpression ©3,832 genes between these two stages, which
include flagellumand surface proteins (Fiebég al.,2015).

1.8.3 L.mexicanamorphology
L.mexicanamorphologydepends on the stage of the life cycle, with a positive relationship
between flagellum legth and the wth stage of the parasite and cell cytéheeleret al.,
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2011J). L. mexicananorphological stagdas generahre similar to othelceishmanigarasites
(Tyler and Engman, 2001; Wheelet al., 2011). The promastigote is defined by
distinctive morpholgy, measurement of flagellum length, and cell body width angtifen
(Wheeleret al., 2011). The growth of theLeishmanigparasite is divided into two main
stages, amastigote and promastigote. Promastigotes are very motile pasasitdsave a
cylindrical elongated body and flagella, amastigotes have a round bodg bbapithout
flagella. Promastigotes differentiate into amastigotes inside mammalian hosts (Pearson and
Sousal996. Promastigotes are an extracellular stage optrasite, long and flagated
which are mainly found in the sand fly vectbnsidethe sand fly amastigotes undergo
multiple differentiation from procyclic, nectomonad, leptomonad, and then into metacyclic
promastigotes (Roger2012). Amastigote2-3 pm in sizeare rounded intepe without
flagella and are found intracellularly, inside manolear cells of mammalian hest
(Gillespieand Pearso2003.

Table 12: Morphology of L.mexicanain different stages
(table adapted from Rogegsal, (2002) withh modifications).

Stage Character Example

_ Ovoid bodyform, no flagellum protruding
Amastigote
from flagellar pocket

Body length between 6i511.5 um, body

_ _ width variable flagellum length shorter tha
Procyclic Promastigote
body length.

Body length more than 12 pum, the width ¢
Nectomond _
_ body aml length flagellum are variable
Promastigote

Body length between 6.5 and 1118,

Leptomonad variable body width
promastigote flagellum is longer than the body length
Haptomonad varigble body and flagellar length, flagella
promastigote tip look like A Disc eyansion

Body length is less or equal 8 um, body

_ ) width less oequal 1 um , flagellum length
Metacyclic Promastigote )
is longer than body length

Kinetoplast adjacent to oleus, external

SISTAR SR

Paramastigote flagellum present
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1.8.4 Leishmanialife cycle

Leishmanialife stages divided into two typgsromastigotes and amastigotes.

Intracellular amastigote

Macrophage

achment
x&.’muly bite
.

& Metacyclic
promastigotes

Procyclic
promastigotes

s 4
.
> 5

v
o L

Proliferation in the midgut

Figure 1.3: Leishmanialife stages divided into two stagegpromastigotes and amastigotes.
Leishmanidife cycle starts by biting mammalian host and injectioh@shmanigpromastigotes by
infected sand fly vector (Sacks and Kamhawi, 2001; Rogers, 2012). Promastigote engulfed
phagocytic cells (neutrophjldendritic cells, fibroblasts and macrajes), Naderer, and McConville
2017). Promastigote differentiate into amastigotes and replicates inside macrophage by binary
(Van Zandbergermt. al.,2004; Gillespie and Pearson, 2003). When naive dgnek€tor bites the
infected host and takea bloodmeal, amastigoteare suckedin with the blood meal. In the vecto
midgut, Leishmaniaamastigots will differentiate into promastigotes to infect anther host (Brand&o
Filho., 1999). f{igure adapted frorilandman, 2001 s€

Distinct formsrepresent the adaptation of the parasite to the charigks environmental
conditions because the parasite lives in two different hosts, the infectedhad i an ho
cells, and the sarfty vector. Extracellular spindle shape flagellated prorgastsarefound

in the sandly alimentary tract, whewrestheintracellular round form amastigotasefound

in mammalian host cells. During transition through these two different environments, the
parasite is exposed to many environmental changes suelmpsrature, pH, oxygen and
nutrients, combinedwith changes inthe p a r a smorph®Iégy in promastigoteand
amastigotes (Reithingeet al.,2007) Temperaturé37 'C), low pH, and elevated G@an
induce the promastigote to differentiate irn amasigote to adapt to these conditions
(Baraket al., 2005).L.mexi@ana amastigote structuris characterisedby the presence of
numerousorganellecalled megasomebkatmakeup 15% of the total cell volume (Coombs,

et al, 1986.

11



It is of note that the sizef megasomesariesbetween_eishmaniaspeciesbeinglargest n

L. mexicanaandthey are not found in L. donovanspecies (Ued&lakamuraet al., 2001,

Besteiroet al.,2007).

metacyclic
promastigote

a procyclic
promastigote

~

amastigote

b
Flagellum
Flagellar pocket
2 Kinetoplast ::.h"“'.';
< > Mitochondrion Early
s b2 Golgi | Kinetoplast
>
, Multi-vesicular
bodies Mitochondrion
Autophago: S e
3 Golgi
= ®
® o ©
Endoplasmic
© reticulum
Autophagosome Megasome (<]
Nucleus - ’
Acidocalcisome -
Multi-vesicular
Tubule (MVT) o
lysosome

Glycosome

Figure 1.4: Diagram of the Leishmaniapromastigote and amastigote
Diagram illustrating theleishmania promastigote andamastigote ltanges in cell

morphology during théeishmanidifecycle (a). The metacyclicrpmastigote which car
differentiate into an amastigote. (b) Graphic representation of the main intracel
organelles fronteishmanigpromastigote (left) and amagite stages (right) (Adapted fror

Besteiroet al., 2007).

1.8.5 L.mexicanavirulence
Previous studies have shown thahexcanalost virulence after proloregiculture for up to
Twenty passagesn vitro (Ali et al.,2013) in this studyparasite virulence was examined at
passages 1, 7 and 20 by injectihg 10° L. mexicangromastigotes intradermally in Balb/c
mice. Resultslearly show that the parasite completely lost ability to indas®ns in the

infected mice after 20 passagégirel.5).
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Figure 1.5: Virulence of P1, P7 and P2Q. mexicanapromastigotes

P1, P7 and P2Q. mexicanavirulence were assessed by intradermal inoculati
susceptible Balb/c mice. The result showed that no lesion was observed
infected with P20 (adapted froAli et al.,2013).

1.8.6 Leishmaniaparasite within the vector
Infectionof thefemale hematophagous sand fly tarthe midgut, which pvidesthe ideal
environment for proliferation and maturatioh beishmaniainto the metacyclic stage
(Teixeiraet al.,2013). The metacyclic promastigote stage parasite migratesheoractor
midgut tothe oesophagus, and whéme vector bite a suscefible animalthe parasitesare
injected intradermally, parasiteare rapidly phagocytosed by cells such as monocytes,
neutrophils, and macrophageS$acks and Kamhawi, 2001; Rogers, 2012) wheey

differentiate into amastigotes.

1.8.7 Role of parasite surfacemolecules
Leishmaniaparasites can resist the complement sysite the bloodstream andecome
attached andhternalized to the macrophages by two main types of ligand molecules, which
are found on the parasite surfacBhese are divided into two major dmilies of
phosphoglycans (PG) and zinc metalloprotegeopraein (GP63) (Kweideet al.,1987).

1.8.8 Glycoprotein 63 (GP63)
The GP63 molecule is a zinc metalloprotease found on the surface of promastigotes
associated with complement resistance; it@aobe found on the surface of amastigotes,
albeit in asmall quanty. Leishmanigparasites attach and enter the macrophage through the
binding of their GP63 to macrophage complement receptor CR3, fibronectin remegtor
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Mac-1 (Rizvi et al., 1988; Russelkt al., 1988; Mosseet al., 1992). GP63 also plays an
importantrole in cell signalling of the host cells and the regulation of the protein tyrosine
phosphatase (PTPs) mechanism (Isedil.,2012).Therefore, it is identified as a virulence
factor ofLeishmania(Brittinghamet al.,1995).

In a study by Thiakaket d., (2006) to assess the role of GHA3sivo, Balb/c mice were
infected witha GP63 downregulated mutaht amazonensisiesults showed the mutant
parasite became less infective tramtrok by the formation of delayed and small lesions
with less parasitload in lesiogand draining lymph nodes. Moreover, the number of CD4+
cells wadeweratthe site of inoculation and higher in the draining lymph node than cgntrol
with positive pofile of IFN-0 ¢ y t ldekae this suggest that downregulated GP63
Leishmaniawere efficiently lysed byhe complementystem and parasite infectivity has
been reduced along with activation of immune responseltydewever, GP63 can induce
the releae of IL-6 and TNF cytokines by degradation of synaptotagmin, which is a family
of membrane proteins, which regulate the fusion process in phagosochenegatively
regulate the release of¥.and TNF cytokines (Duquet al.,2014).

Gene methylation is anotheray that has been recently reported to enaleishmania
survival inside the macrophage by turning off genes that control macrophage physiology and
microbicidal activity through GP63 (Duque and Descoteaux, 20IBg Leishmaniacell
membrane protease GP@8avesAP-1 transcription facto(TF) directly (Contreraset al.,
2010) causimy protection of infected cellagainstapoptosis (Wisdonet al., 1999) It is
noteworthy that thé\ctivating Proteirl (AP-1) isadimeric transcription factor consiisg

of Jun,Fos proteins that bind to a common DNA site, theJABinding site (Karin, and
Zandi, 1997; Ameyar, and Weitzman 200&8)Jun andAP-1 are involved inregulation of
extracellular stimuli such as stress, déytes,growth factors, and infectionAP-1 is
atranscription factothat contra gene expressioim response to different stimuliéss and
SchorppKistner 2004). In additionAP-1 play a central role in a wide range of cellular
processes, suchs cell growth,differentiation andapoptosis(Ameyar and Weitzman
2003).AP-1 plays an importantole as atranscription factor in regulaticendexpression of
many genes thareinvolved in activation of macophage funct iiNOSs such as
andiIL-12Newel | , and Lopez Betnle20l0)eHowever, iLshduld ; Contrer
be mentioned thatranscription factor (TF)also called sequenapecific DNAbinding
factor, is a type of protein that baa function n controlling transcription of genetic
information fromDNA to mRNA by binding to a specific DNA sequen@arin 1990).
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1.8.9 Lipophosphoglycans(LPG)
All Trypanosomdamily memberare characerized by the presence of a glycocalgiso
called glycoconjugate cqatovering the parasite surface (Ferguson, 1999). The main
components of the glycocalyx are glycoinositolphospholipids, and lipophosphoglycans.
These surface glycolipids are importamtilence factors of pathogens such as bacteriaj fung
and protozoa (Fetpon, 1999). LPG is essential fagishmaniasurvival and multigtation
within the mammalian host and intermediate host environmiegitthmanigparasites must
undergo morphological ma biochemical adaptatien including expression of
glycoconjugates which are composed of molecules attached bya
glycosylphosphatidylinositol (GPI) anchor (Turco and Descoteaux, 1993).ahicbor GPI
molecules such as LPG, glycoproteins 68#§3), glycohositolphospholipids (GIPLs) and
the proteophosphoglycan (PPG), or theye secreted as proteins that contain
phosphoglycans (PGs), including the secreted acid phosphatase (McConville, and Menon
2000; Nadereet al.,2004).
The dominant surface componerdf Leishmanigoromastigoteas LPG, a large
glycoconjugate which togethassociateavith cell surface PPG forms a dense glycocalyx
to protectheLeishmanigparasite from the innate immune resporisadereret al.,2004).
LPG is a glycophospholipid compi¢hat plays an important role in parasite survival in host
cell phagosomes and the sarfty gut (Descoteaux and Turco, 2002The
Lipophosphoglycan (LPG) islaeishmaniadominant surface molecule whigfound on all
Leishmanigpromastigotes specids€?G consists of lipid and polysaccharide (glycan) linked
by a phosphodiester bond, so itcaled lipophosphoglycan such as phosphoglycosylated
and proteophosphoglycans (PPG)ycoconjugatesare themostcommonsurface coat on
thepromastigote surfasavith around 5 x 19copies per cell (Turco and Descoteaux, 1992)
while GP63 is found on the promastigote plasma membrane with approximately 5 x 10
copies per cell.

Lyso-alkyl
Phosphoglycan phosphatidyl
Cap repeating units Glycan core inositol anchor
Gle
Man ®
a2 ab
(;;:][34Niana®—[6(;a] ,841\'1ana®]-,6(}a!‘§16(ia|¢t3 GalyB3Mana3Mana4GNa6
OH o

Figure 1.6: Structure of the LPG

The LPG consists of four domains: cap, PG repeating units, glycan core and lipid
The number of PG repeating units increases during metacyclogenesis of the
promastigotes. The structure of the cap is different amorgsparspecies. Where Ga
galactose; Man is Mannose; GN is glucosamine; and Glc is glucose (Adapted from
et al.,2012).
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Parasite surface LPG modulatee immune interaction between the host macrophage a

the Leishmaniaparasite. LPG is pathogerassociated molecular pattern (PAMR}Jich

plays a crucial role in modulation of the host immune response during interaction and
establishment of macrophage infection by the parasite. In addition, it plays i the
binding of the parasite tihe vector gut wall, which protects the parasite from degradation
(Desjardins and Descoteaux, 1997; Duqual.,2014).

The first interface between parasite and host immune system takes place in the dermis of
the mammban host immediately after parasiteculation by the sand fly vector, it is
throughtheinterface betweeheishmanidlPG andtheimmune system. More precisely,

LPG is a coat protectingeishmaniarom dtack by the host immune systend at the

same tine, it is the fist target for immune detection.

Human macrophages and dendritic cells recogmesshmaniahrough LPG (Favilat al.,
2015).When procyclic parasites bind to manfznding proteins in the serum through LPG,

this will activatethe complenentsystem(C1q) and kill the parasite in the procyclic stage.

On the other hand, LPG protects the metacyclic stage by its repeating units which increases
the phosphorgted disaccharide which increases thickening of glycocalyx (Setcles,

1995). This will subsequently reduce the binding of the parasite surface to endoaache
lysosoms inside the vacuoles. Exposure of murine macrophages to LPG extracted from
purified L. donovaniconfirms that the strategy used by the parasite to establish infection of
the macrophage is through LPG repeating units (Desjardins and Descoteaux, 1997). The
LPG repeating unit plays an essential role in the transmission of the parasite from vector
midgut to macrophage phagolysosome and during the early stages of macrogwigainf

In addition, it inhibits phagolysosome activation, which protects promastigooen
degradation and provides a good environment for differentiation into amastigotes
(Degardins and Descoteaux, 199This has been demonstrated.inmajor LPG deftient
mutans, which lost virulence to infect mice eithar vivo or in vitro (McConvile and
Homans, 1992; Spétbt al., 2003). A recent study by Zame@himal et al., (2016)
examined the effect of LPG extracts frammexicanan bone marrow macrophag#erived

from Balb/c and C57BL/6 micm vitro. On the basis of their results they clmged that

LPG binds to TLR2 in dendritic cells which indirectly activates NK cells to release IFN
and IL-4, which provide protection against the parasite. AnotherysydFavilaet al.,

(2015) reported thatLeishmania LPG induces the release of -2 from infected
macrophages and dendritic cells. However, LPGs differ among parasite species; peritoneal
Balb/c C57BL/6 macrophages stimulated withbraziliensisLPG prodwe higher 11 b ,

TNF-U, -6larid NO thamnestimulated withL. infantum(lbraim et al,, 2013).
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The gensresponsible for LPG synthesis are LEGPG2, LPG3, and LPG5 (Ryaat al.,
1993) However, the studies did not achieve a compleaeacterisatioof LPG structure,

functionandgene regulation of LPG synthesis (Forestial.,2015).

1.89.1 LPG1 gene

llg (2000)hasreported thatl.. mexicanaLPG1 mutantparasiteproducedoy gene deletion
failed to synthesize LP@rotein,but still expressed aariety of ph@phoglycan molecules
on their surfaceThe study concludeithat LPG1 deficienL.mexicananutants did not affect
parasite infectivity to Balb/c and C57 macrophage suggesting that i$&dt to be
considered as wirulencefactor. In anotherstudy byTurco et al., (2001) who compare
betweenL. mexicanaand L. major LPG biosyntheticgenesknock-outs, reportedthat L.
major but not L. mexicandost virulence Another studyby Beneke et al, (2017) reported
that deletion ofthe LPG1 gene fromL.mexicanaby using clustered regularly interspaced
short palindromic repeats (CRISPERchnology causetbss of LPG from the parasite
surface.More recently, deletion of LPG1 frorh. infantumimpaired the outcome of
C57BL/6 bone marrowderived macrophagmfection and the survival of parasite was
reducedsignificantlyafter 72 hoursf infection, coincidingwith strong indution of NF-a B

and activation of INO$LazareSouzeaet al.,2018)

1.8.9.2 LPG2 gene
The synthesis of phosphoglycan molecule is dependentl@Golgi GDP-mannoséGDP-
Man) transporter that is encoded by LPG2. Golgi GIBn transporter plays a major role
in the synthesis of phosphoglyeaantaining glycoconjugates in eukaryotic microarigans
such as theéeishmanigparasite. LPG2 plays an essential roléhis process, either because
it encodes the GDRIan transporter or by the transportation of GBRn into the lumen of
the Golgi apparatus (Met al.,1997).
A study by Gauet al.,(200) reported thak. donovaniL. majorandL. mexicananull of
LPG2 wee highly sensitive to complement mediated lysisvivo. Amastigotes and
promastigotes fromL. donovaniand L. major but not L. mexicanafailed to infect

macrophagem vitro.

1.8.10 Cysteine peptidase$CP)
There are 19 gene$ CP, including CPB and CPB2.8ihich are significantlydifferentfrom
the remaining 17 gend€PB 3 to CPB 1p(Mottrametal., 1997).CPB is a single isoform
array wheras CPB2.8 is an isoform encoded bgene internal to the array; and 2.8 refers
to the gene sizé.. mexicanamastgotes are rich in cysteine peptidases which play central
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roles in facilitating growth and survival of the parasites in mammalian €H8. ofL.
mexicanaamastigote plays a central role in the ability of theLeishmaniaparasite to
modulatesignallingviaNF-a B w h i tdvinhibigoa df IL-12 production Cameroret
al., 2004) CPB activitiesare predominantly expressed in promastigaéthe metacyclic
stage Bateset al., 1992. Balb/c mice infected with mutantef L. mexicandacking CPB
enzymes havgreatly reduced infectivity of this parasite despiwing theability toinduce
subcutaneous lesionsyt lesionsof slowergrowth rate and smallesize Also, they have
decreased infectivity oBalb/c macrophagesn vitro compared with wiletype parases
(Mottram et al., 1996; Frame et al, 2000. qCPB promastigotes can infect Balb/c
macrophages itfarge numbesbut they are unable to survive in the majority of the infected
cells(Frameet al, 2000.

1.8.11 MAPK9 gene

Parasite flagellar morphogenesis is associated with mitogen activated protein kinase
homologue (MAPK9) and its mRNA was found in dll.mexicanastages (Bengst al.,

2005; Reddyet al., 2017). Phosphorylation is a reversible reaction foodification of

protein and protein function. Protein Phosphorylaisxatalysed by kinases enzymhile

the reverse reactiondéphosphorylation)is carried out by phosphatasesDuring
differentiationof promastigotes into amastigotes, the flagellum length sheandit has

been shown that overall phosphorylation indicated by abundance of phospimoprote
kinetoplastids (whicls could be due to phosphatases and protein kinas@splved in the
amastigote differentiation processes (Mukhopadhgtyal, 1988; Parsonset al.,1995;
Bengs.et al, 2005.

1.9 Leishmaniahost cell interaction

The mammalianimmune systenis divided into two types, innate or nonspecific immunity

and adaptive or specific immunity (Janewatyal., 2001). Innate immunity in addition to
anatomical barriers consists of phagocytes such as neutrophils, macrophages, and dendritic
cells which engulf lhe invader to protect the host. Phagocyte recognise the foreign invader
through pattern recognition receptors (PRRs) on the phagocytes cell surface and pathogen
associated molecular patterns (PAMPs) whak found on the microorganisnwhile
adaptive immaity consists of B and T lymphocytaadthe responsef adaptive immunity

to the antigen is througthe recogrtion by specific antigen recepterof antigenthat are
expressed by antigen presenting cell (APCs}hefinnate immunity. Inteestingly, the
adaptive immune system, unlike innate immunity, has a specific memory for every antigen

(Janewayet al.,2001; Chaplin, 2010).
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Successful infection dfeishmaniadepends on both the immune system and the species of
theparasite. On the pas#e sidethe promastigotesntert he host és bl ood
host cells and to differentiate into amastigotes. The interaction between the host immune
system and the witence potential of the parasite will thte the fate of this disease.

The macrophage is one of the mononuclear phagocytic cells which plays a vital role in the
immune system. It regulates immune response and participates in both the innate an
adaptivemmune system and ieemain target ot eishmanianfection (Zhanget al.,2008).

Theh o simnnduse response agaittiseLeishmanigarasitas highly complicated and while
these may accelerateealingsome responses worsens the disease. Both thsgenses
depend on the immune status of the infected host the stage of the casehspecies of
Leishmanig/Antonelli et al.,2004).

In the infected tissues, macrophages will be activated to differentiate into specialized
functional phenotypes. The mafactors that affect this differentiation are cytokines and
pathogenic products.HE macrophages phenotypes are M1 and M2 (Martinez and Gordon,
2014). Mland M2 macrophagespresenthe major activities of macrophages. Wizt 1

inhibits cell proliferdion and causes tissue damaly2 promotes cell proliferation and
repair tissue. MInacrophages promote Thithile M2 promote Th2 responses, therefore
they are known asMl and M2 (Mills, 2012).Understanding pathophysiological and
immunological responseof different hostss important forthe researcher to developed

vaccines or drugs fdhis disease.

1.9.1 Interaction of Leishmaniawith host cells
Infection of host cells with theeishmanigparasite stimulates immune responses to itecru
a wide range of cells such as neutrophils, mast cells, monocytes, dendritic cells and
macrophages. Macropbes and dendritic cells are the main immune cells that interact with
Leishmania On the entry ot.eishmaniapromastigotes, they differentiate imonmotile
amastigote which can survive and multiply inside phagosomes of macrophagesagd
Uzonna, 202).
Amastigotesareinternalised insidgarasitophorous vacua€¢PV) of macrophage where
theystart multiplication by binary fissiggubsequentlyeading tqQ rupturing of macrophage
and releasof amastigotes to infect other surrounding macroph@gesand Uzonna, 2012).
Intracellular amastigotes can infect other macrophageslysis of thehost cell (Naderer,
and McConville, 2008)Naive sand fly vecta get infected when thdyte the infected host
and take a bloodgneal containing these amastiget In the vector midgut,eishmania
amastigots will differentiate into infectious promastig&do infect another host duriray
blood meal (Brand&&ilho., 1999; Liu, and Uzonna, 201Xnowing how thelLeishmania
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parasite survives and multiplies insideacrophages would help in designing the right
treatment or vaccines.

Monocytes and macrophages are the main cellular component of the reticuloendothelial
system. Macrophages are produced by differentiation of monocytes when they leave the
blood stream andntertissues. A macrophageagphagocytic cell that is found in dgrent

body tissues and plays a main role in the innate immune system and inflammation (Beutler,
1999). Macrophages play a main role in the immune systsponse against pathogens.
They engulf and destroy pathogemsddirecttheimmune response fromniate into adaptive
(Elhelu, 1983). A macrophage is a phagocyte éngiulfsextracellular antigens and debris
which can include parasite derived features such as flagelidis foundin all tissues and

Is responsible for the inflammatory and immunatagjreponse (Unanue and Allen, 1987).
When a macrophage engulfs a pathogen, it secretes a variety of proteins, cytokines, and
bioactive molecules to activate or pogss other tissues ammune cells, which regulate
immune responses, such as activationnhibition of lymphocytes. T helper cells are
activated or inhibited by interaction with protein presented on the surface of macrophages
or other phagocytic cells. The interaction bedwenacrophages and T cells involves major

histocompatibility complexand growthdifferentiating proteins (Unanue, and Allen, 1987).

1.9.2 Phagocytosis of thd_.eishmaniaparasite
The phagocytosis process of theishmanigparasite consists of two steps: attachtrend
internalization. Infection with.eishmaniastarts when the female sand fly injects metacyclic
promastigotes intradermally into a susceptible mammalian host.Misstmanigparasites
will be killed in intersitial tissues by the complement systewme of them can escape into
phagocytic cd$ (Solbach and Laskay, 2000).
The first defence against theishmanigparasite is the complement system, which can Kill
the parasite beforthey escap into phagocytic cés. It has been shown thphosphate
buffered Saline (PBS) containing 25% norreata can killLeishmaniapromastigotes by
activation of complement through the alternative pathway; however, 8% of normal sera
enhanced attachment of parasites to macroph@gesser, and Edelson, 1984). The first
phagocytic cells that infiltrate into the site of infection are neutrophils. It starts a few hours
after parasite inoculation by vector biduEller et al.,2001).
Van Zandbergeret al, (2004) have reported that neutrophils infected viazdishmania
major secrete an enriched amountof MIPb chemoki ne in | arge quanti't
macrophage chermattractant to the site of infection. Macrophages will phagocytose
apoptotic neutropks along with fred_eishmaniagparasites and they become the final host
cell for the Leishmaniaparasite where it survives and multiplies. Multiplication of the
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parasite leads to the rupture of macrophages and the release of amastigotes that can infe
otha macrophagefeterset al.,1995).

When Leishmaniapromastigotes areecognized and phagocytosed by macrophages they
transform inside phagosomes into amastigotes. Jghshmaniaparasite can survive in
neutrophils but it cannot multiply, therefore maunages are the ultimate final host for
Leishmaniaparasites. According| Leishmaniais is the outcome of a successful invasion
of macrophages blyeishmanigparasites (Van Zandbergenal.,2004).

The immunological effective pathway against this diseasdependent on macrophage
responses to the parasites, on the activaifo@D4+ Thlcellsthat is accompanied with
IFN-0  a n-I2 prbduction, which can lead to the productionrfucible Nitric Oxide
(INOS) in macrophages to produce NO to kill the parasites and heallrgjshimaniais,
while activation of Th2 can lead to the suppressionFdf-o  a n-IR prbduction and
subsequent inhibition of NO causing exacerbatiobeishmaniais (Scott, 1991 Chatelain

et al.,1999).

1.9.3 Phagocytosis of promastigotes bgnacrophages
Parasite LPG and GP63 molecules play a main role in the attachmenteandlisation in
macrophages. The main receptors of macrophages that dealergthmaniaparasites are
the complement receptors (CR)1, CR1, CRannosducose receptor (MRYnd fibionectin
receptors (FNRs). The attachment of the promastigote startghen@f63 molecule cleaves
C3opsonin into C3b and subsequently, CR1 cleaves C3b into iC3b and then iC3b facilitates
binding of promastigote to CR3. In addition, attachment can beneataby binding of
GP63 to fibronectinwhich acts as a bridge to conn€&®63 toFnRs. In addition, GP63 may
bind directly to theCR3 but this is still unclegtJeno and Wilson, 2012).

1.9.4 Phagocytosis of amastigotes bhyjacrophages
Amastigotes bind to macrophages by two methods; by the binding of amastigote surface
GP63 moleculeso iC3b, which subsequently bind to the CR3. Or by binding of host I1gG
antibodies to amastigote epitopes and Fc
are less expressed on amastigote surfaces, the GP63 can bind to fibronectin, which in tur
binds toFnR of macrphages (Ueno and Wilson, 2012).
Fc receptor can bind to IgG antibodies on the surface of the parasite which plays a role ir
macrophage infectiohy amastigote In a study to examine the role of the Fc receptor by
Kima et al., (2000) mice defient with circulating antibodies by genetic alteration were
poorly infected withL. mexicanal. pifanoi andL. amazonensjssuggesting the role of

antibodies in the attachmteof parasites to macrophages.
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1.9.5 Receptors and recognition
The Leishmanigparasié binds tohost cellmembraneeceptors which play a major role in
the attachment dfeishmaniat o macr ophages, such (Masl), TLR,

fibronectin receptoandmannosducose receptor (MR)Ueno and Wilson, 2032

1.9.5.1 Third complement receptor (CR3)
CR3 receptois found on phagocytic cells such as neutrophils and macrophages; it has a role
in adhesion and internalisation of theishmanigpathogen. Wheheishmanigparasites are
recognised by the macrophage, parasite GP63 surface protein sosokible serum
comporent opsonin C3 to C3b. Then, factor 1 cleaves C3b to iC3b which leads to binding
of parasite to CR3.eishmanigoromastigots can directly bind CR3 receptor by opsonised
IC3b (Ueno and Wilson, 20)2
The role of complement protein wanvestigated in astly by Wozencratfeét al.,(1986) who
reported that incubation of promastigotes and amastidiatesL. donovaniwith murine
macrophage in a medium without serum led to the binding of these parabiyes
macrophages. In this regard, aBkwell (1985) suggested that macrophages secrete
complement to bind to the parasite that\at#s the alternative pathway.
Using CR3 receptor could allow theishmanigparasite to escape from an innate immune
response, Ricardet al, (2013) reportedhat binding ofL. major to CR3 mediates and
inhibits production of IE12 cytokines that activate Th1l. In line with this, Marth and Kelsall
(1997) have reported thatgsialing through CR3 without any infection suppresses the
production of IL-12 and IFNo. However, blockng of CR3 and CR1 receptors never present
attachment of the parasite to macrophages (Roserithh|1996; Ueno and Wilson, 2012).
Therefore, promastigotesiay bind to the CR3 through other yet unknown antigenic

determinarg on the proméasyote suface (Ueno and Wilson, 2012).

1.9.5.2  First complement receptor (CR1)
CR1 is found on the surface of monocytes, macrophages and neutrophils. CR1 recognises
C3b, C4b. It facilitates the cleavage of C3b into iC3b. Roseatl#l, (1996) lave reported
that the blocking of CR1 receptor never prevents parasite attachment to macrophages.
However, there is a cooperation between CR1 and CR3 to enhance parasite attachment. In
addition, there is a cooperation between CR1 andMac monocytes tmediate adhesn
between human monocytes and promastigote metacyclic stage through complement
(Rosenthaét al.,1996) In arecent study on human monocytes, Machado de Oliveira (2016)
reported that blocking of CR1 leads to reellit.eishmaniaphagocytosis and increase

Leishmaniasurvival.
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1.9.6 Survival of Leishmania parasite in the blood streamand

macrophage
In the blood strearbheishmanigparasites have to survive the humoral immune system before
infecting macrophages.eishmaniaparasites caresist the complement systemainly by
two molecules, LPG and GP63, which are found on the parasite surface (Ketealgr
1987) while antibodies, on their own have no effect on the pamstaly stageof
interactionin the blood stream. Promastigote parasites attach to the phage after
complement opsonisation to CR3, fibronectin receptor and mannose receptor (Mosser an
Rosenthal, 1994)Leishmaniasurvive and proliferate inside macrophages in the acidic
phagoly®some vacuoles.
Inside macrophage&geishmaniashould be proteed from reactive oxygen species (ROS)
which are reactive chemical molecules produced by phagocytes as part of a defence
mechanism against intracellular pathogens (Han@icél., 2001) andreactive nitrogen
species (RNS) derived from NO. RNS and R€@&induce changes in protein expression
profile of Leishmaniawhich is important fotthe survival of promastigotegSardaret al.,
2013).In recent studpy Romaet al.,(2016),comparingwild type andgenetically deficient
ROS C57BL/6 mice and wiltlype miceinfected withL. amazonensjst wasreported that
ROS play a role in the regulation of inflammatory responses without effect on parasite
killing, so the mechanism that prote parasites tovaid degradationms still unclear.
Both promastigotes and amasties survive insidd’V through internalization in the
macrophageandmaturation of thePV. MaturePV is an adapted environment within the
macrophagewvhich suppliesheparasitesheltemwith nutrientsand protects the parasite from
the host immune systerand macrophage microbicide$hus, parasites survive and
differentiate into an amastigote forfrLi ®v i n Le Mo al , IntaaceltularL o i
amastigotes can infeother macrophages bgleag from lysedhost cell or by cell division
(Naderer, and McConville, 2011).

1.9.7 LPG and inhibiton of phagosome maturation in a

macrophage
LPG which coves promastigote surfasdastheability to inhibitphagolysosome biogenesis
which causs accumulation of periphagosoméilamentous actin (factin). It should be
mentioned thatfactin is a protein found imost eukaryotic cells as a part of the cytoskeleton
and plag acrucial rolein cell functions suchas cell division migration endocytosis,
stability and morphogenesis (Stossel, 1978; Striekat.,2010).
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Accumulation of Factin may form a physical barrier that prevdrgshmanigpromastigote
harbourng phagosomes from interaction with early lysosomes and endosdhergfore,
LPG is not necessary for parasitevival atthis stagevhile internalised in the macrophages,
after preventing the formation of the phagolysosooeesshmanigpromastigotes higk the

infected macrophage cytoskeleton early during the infection process (Seticke010).

Leishmania promastigote

Early endosomes

Phagosome @
l Lysosomes

Inhibition of phagosome
maturation
(LPG-dependent)

F-actin \
Amastigote ‘ .
No LPG

Phagolysosome

Figure 1.7: Inhibition of phagosome maturation in a macrophage infected with
Leishmaniapromastigote.

After engulfment ofLeismania promastigoteby the macrophage, factin (red circle)
accumulates around the phagosome which contain the parasite sind adbarrierThis F

actin barrieprevens phagosomes interang with early endosomes (blue circle) or lysoson
(green circle) until completing the differentiation of the promastigotes into amasti(
(Adapted fromStricker,et al.,2010).

1.9.8 Nitric Oxide

Leishmaniaparasite have several mechanisms for escaping host immune respdumse

important one ishe ability of the paasite to interfere with NO production, by suppressing

the expression of INOS in infected macrophages, which results in NO depletion (Calegari

Silva et al., 2009). Nitric Oxide (NO) plays a vital role in many biological activities, it

suppresses T lymphocgs in chronic inflammation, desyrstumour cells, and protects host

cells from destruction by pathogens such as bacteria, fungi, viruses and protozoa (Nathan

and Hibbs, 1991Marletta, 1993). Liewet al., (1990a) have demonstrated tlla¢ main

effectoragent to killL. majorinside macrophages is NO. Moreover, NO kilsshmania

parasites when cultured in PBBvitro at room temperature. A preparation of amphotericin

B, DETA and NO can kill 98% of promastigotes and 76% of amastigofed er 12 hour s o

incubationin vitro (Pandyeet al.,2016).
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NO is an important microbicide effector vivoandin vitro. Synthesis of NO by enzymatic
oxidation of L-arginine is activated by I ( T ° t etaln 00&).it has been reported
that theLeishmanigparasite can inhibit production of lethal NO in infected cdl@livier et

al., 2005. This was confirmed imutant mice lacking iNOSvhere theyfail to controlL.
major infectionin vivo (Wei et al., 1995) It is noteworthy that INOS is a key mediator of
theleishmanicidaprocesswhich can impair the replication beishmaniaCalegariSilva

et al.,2009). Itwas alssshownthat the INOS can be purified from mice macrophages treated
with lipopolysaccharide and IFN (Marletta, 1993).

Stengeret al., (1994) reported that INOS sgnificantlyreleased in high quantities earlier
in resistant C57BL/6 mice compared to susceptible Balb/c mice when infectdd misjor.
Moreover, noeto vay low parasitenumbers were detectadskin lesionof C57BL/6 mice
which wasaccompanied biigh levelsof INOS in the lymph node&imeidaSouzaet al.,
(2016) have reported th#tte treatment of Balb/c peritoneal macrophages Witinda
citrifolia increagdof NO productionandkilling of intracellular L. amazonensidHowever,

de Mouraet.al, (2016) demonstrated ththtere is a resistance against the antimonial drugs

and NO in relapse human cases oinfantum

1.9.9 Nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-a B)

Nuclear factor NFe Bs a protein complex found in almost ahimal cells. NFe Bs
involved in cellular responses to stimuli such as in case of infedtimplaying a central
role in many macrophagdunctionsand plgs a key role in regulation of the immune
response to infection (Gilmore., 2006), and the expression of proinflammatory genes
including chemokines, cytokines, and adhesion molecules by contr@llg transcription
by modulathg the expression of genes involved in the immune response of the host. The
nuclear factorNFe B pat hway has bieflannmatorg sigsailing @pathevaly, a
it is based on the activation of \NFB by pr oi nf Inessuchaas Kang TNEy t o |
U Gi{more,2006; Perkins2007).It has been reported thiat amazonensisas developed a
strategy to survive in the infected cell by escaping from hoshcegby stimulation of the
NF-aeB repr essor cagengvhiehsubgeguéntlyreglates thepession of
INOS negatively and enalsléhe parasite to establish a successful infecabmuman
monocytes (CalegaBilvaet al.,2009).
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1.10 Apoptosis

Generdl, cell death iof two types, necrosis and apoptosis (Edinger, and Thompson, 2004).
Apoptosis oprogrammed cell death (PCD) is onelgg moshighly regulated physiological
procesesof cell tissue homeostasighich is essential folevelopment in mogirganisms
(Fadeel, and Orrenius., 2005; Edinger, and Thompson, 2004gKakr 1972). Apoptosis

was first described by Kermt al, in 1972. It occus in multicellular organismdgo aid
development, immune respees and, to disposef cells thatareno longer required e.g. in
case of infected or transformed cells (Evan and Littlewood 1998).

Apoptosisis induced by thectivation of caspasesghich areeithertriggeredby thereleag

of apoptotic mediators from mitochondrialmation of death receptar During apoptosis,

the nucleus is condensed, fragmeneéd and chromosomal DNA clead into
internucl@somal fragments and packaging of the apoptotic cell into bleb bodies without
plasma membrang Bleb bodies are recognized and engulfed by phagocytic cells without
activation of inflammation around the apoptotic cdllagial, and Korsmeyer., 2004;
Edinger,and Thompson., 2004).

Apoptosis can be induced layvariety of intrinsic and extnisic signals in response to
physiological and pathological stimuli (Fadeel, and Orrenius., 2005; Edinger, and
Thompson, 2004; Keret al., 1972). Many mammalian diseases aaised by direct or
indirect defectin apoptosis, leading to accumulation of usided cells, or imaired normal
function of cels.

Apoptosis can be detected by morphological and biochemical changgdbtissues. It can

be identified morphologically by loss of adhesion to flasks of adherent cells such as
macrophages, ls®f normalappearancef the cellsthepres@ce of nuclear fragmentation,
chromatin condensation and membratebs (Rodriguest al.,2006).

Plasma membrane bleing is the morphobgical featuravhich appears alate stage othe
apoptotic process It is due to localisation ofthe plasma membrane cytoskeleton and
characterised by irregular buhg of the cell plasma membrane. Subsequently, blebs
separatérom the cell witha partof thecell cytoplasnt nuclear fragments (Stillwell, 2016)

The apoptotic plasma cell membrane is distinguishiatie that ofanormal cell. Apoptotic

cell membrane is triggered andéastegrity (Stillwell, 2016). However, it has been reported
that bebsarealso found in normal cell proce=sduring cell division or locomotion.

Early apoptosis can be detected biochemically, by the detection of the upregulation of
phosphatidylserine @) by staining with annexin V stain afldw cytometryanalysis. PS
expression on the plasma membranes of apoptotic cells enhances macrophages to engulf
them (Krahlinget al., 1999.Huynh et al., 2002) and subsequemyt the suppression of the

release of pranflammatory mediators and proneathereleaseof antrinflammatoy agents
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like the TGFb 1Engulfment ofapoptotic cells with low PS expression such as human
monomyelocytic cellgausereduced level of TG Jandsubsequelht the acceleration of

inflammation resolution (Huynét al, 2002).

1.10.1 Apoptosis pathways
Apoptoss is divided into two main pathwayisitrinsic and extrinsic pathwaygRodrigues

et al.,2006 Rampalet al.,2012) a brief description for thegmthways is gienin figure 1.8

Death Ligand
TNF-alpha, FASL.TRAIL

Death Receptors
TNFRI1, FAS, DRS

N N R R N R N AN WA N N ENEERREES

Adaptors
FADD. TRADD

DISC

Aurocatalytic

-
acnvation P Iorwspnsr x//a

I

Cleaves BID —

[Caspase 37677]

Caspase-9

Figure 1.8: The apoptosis pathways
In apoptosis theraretwo pathwaystheintrinsic andextrinsic pathway

The extrinsic pathwayis initiated by activation of death receptors, sucisg- U aFasd
(on the cellintendedto die) when ound with the death ligands on tipl|asmamembrane.
(Binding between the liganaind the receptoysThus, fasassociated death domdiRADD)
induces theformation of death inducing signalling complex @) which activatecaspase
8. Active caspase 8 is a mediator that clespro-apoptotc BID protein, which subsequentl
releases mitochondrial papoptotic factors linking these two pathways. The results
caspase 8 activation are activatiortluf cas@de and apoptosis.

In the intrinsic pathway, activation is by cellular stresses whidttigate one othe BCL 2
family that initiate apoptosis signalling and induce rededaxand or BAK to promote los
of mitochondrial outer membrane potent@itochrome c release and activatiorcaspas®
that activatecaspase ,3caspase6, caspase7? and apoptosis. Disruption dahe outer
mitochondrial membrane and releasf cytochrome Care important markes indicating
triggering of apoptosis (Abhishedt al.,2018)

In crosstalk between these two apoptotic pathwaystress signallead to the binling of
BID and Baxto the outer membrane of mitochondria. Subsequently, BID amxdvgl bind
with BAK (mitochondrial protein) causing releasing of cytochrani@to the cytosol. Tis,
in turn binds to theapoptotic protease activating factb(Apat1l) leading to formatioof an
apoptosomavhich triggers the activation of pimaspase 9. Activated casp8deadsto further
initiation of the caspase cascade leading to apopt@siapted from Rampaét al., (2012)
with minor changes
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1.10.2 Apoptosis mechanism
The «trinsic pathway is initiated by binding afeathligand to TNF-U a n ddeafha s
receptors (Adams, 2003)he death receptors contain death domain ligand which bind to
FADD causingformation of DISC which cleaves and activate -paspase 8 to become
activatedcaspase 8 which in turn cleaves and activatascade focaspases such as caspase
3, caspase 6 andaspase 7 and indue@poptosiswhich is calledthe mitochondrial
independat pathway. Also, caspase 8 can cleBV@ which is aBCL 2 family member,
cleavedBID can induce mitochondrit releag cytochromeC which will activatecaspase
9. Eventually, activatedaspase 9 caasactivation ofcaspase3rad trigges apoptosis (Luo
et al., 1998; Chandreet al., 2004 Reylandand Bradford, 2010) which is calleitie

mitochondrial dependent pathway.

1.10.3 Generegulation of apoptosis
It is known that activation of apoptosis psan essential role in elimination of intracellular
pathogens such as viruses, bactema parasite®.g. Mycobacterium tuberculosend
LeishmanigparasitespeciegDragovichet al.,1998; Moore and/atlashewski, 1994; Park
et al.,2006;Donovan.et al.,2009.

1.103.1 BCL 2
B-cell lymphoma 2 (EBL 2), is a genehat belong to theBCL 2 family and theBCL 2
protein islocalized to the outer membrane of mitochondB&L 2 regulate proteinsthat
are involved in apoptosis regulation in two different ways, ibgucing or inhibiting
apoptosis through the intrinsic apoptosis path{@ayjimotoet al.,1984;Cleary MLet al.,
1986).It activates apoptosis byeleag of the pro-apoptogenic factorytochrome d¢rom the
mitochondria, which is essentfalr caspase activatigiuwana and Newmeyer., 2003) and
suppres®s apoptosis byformation of aheterodimerof antrapoptoticBCL 2 or Bcl-xL
proteins, with preapoptotic proteins such &ax and BAK. Therefore theratio of pro-
apoptoticBCL 2 to antiapoptoticBCL 2 proteins is importanto determire the cell fate
(Reyland and Bradfor®2010. The BCL 2 geneencodes an artapoptotic proteir{Solane
Galvezet al.,2018) Bcl-xL and BCL2 are found in the outer membemof mitochondria
andtheir role is to prevent the releas cytochrome c, while the prapoptotic proteins such
as Bax, and Bad, are in the cytosol, but under certain stimuli are translocated into the

mitochondria, and induce the relead cytochrome ¢Frenzelet al.,2009)
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1.10.3.2 Bax
Baxor BCL 2 like proteinis anapoptosis regulatdhatalso belongto BCL 2 family. These
family members act as anti or papoptoticregulators which are involved in a wide variety
of cellular activities. It has been reported tthe function ofthis protein is to increase the
opening of mitochondrial voltage dependent anion chanwélich in turnleads to the loss
in membrane poteial and releas of cytochrome c which is involved in initiation
of apoptosis Mitochondria play a central role in cell survival through their generation of
energy through ATP via oxidaive phosphorylationLoss of cytochromeC from the
mitochondria prevesproductionof energycausing apoptos{®ltval and Korsmeyer, 1993;
Westphaland Dewson, 2014)

1.10.3.3 Macrophage Programmed death 1 receptor

Programmed death 1 (PD is a receptor expresd in many immune cells including
macrophages. It is known that the functmiPD-1 is the triggering of Fcell exhaustion.
Infection of Balb/c macrophages with donovanicause downregulation of PEL and
subsequelt cause activation of presurvival AKT by phosphorylation and resulting
inhibition of the proapoptotic protein BAD and inhiloiti of apoptosisRoy et al., 2017).
However BAD protein belong to the proapoptoticBCL 2 family that play an important
role in apoptosisegulation Forde and D&, 2007).

1.10.3.4 Caspases
Cysteineaspartic acid protease (caspase) farailg proteases that need the presence of
cysteine to perform their catalytic activitfhe proteasetarget hundredsf proteins for
controlled proteolysis of target protsinvhich minimizes damage and disrug to
neighbouing cells andavoids activation by releag of immunostimulatory molecules
(Tayloret al.,2008; SolangGalvezet al.,2018).There are many types of caspases classified
according to their functioncaspase 2¢aspase 8caspase 9 andaspase 10 armitiator
caspasedVhile caspase Jaspase 6caspase 7, classified agecutorcaspasesaspase 1,
caspase 4, andaspase 5 are inflammatocgspases. In addition, othesispases such as
caspase llareresponsible for mgulation of cytokines during septic shodaspase 12 is
associated with endoplasmic reticulum stress apoptosis,casghse 14js found in
embryonic tissue (McLuskey and Mottram, 2015 ; Sol&advezet al.,2018).
Thecaspases are normaflyund inthecel as inactive proenzymes atigeycan be activated
by a selective proteolytic cleavage. Whikea cellsare stimulated with an apoptotic stimylus
this causs activation of initiator caspases whiele activated through the extrinsic and

intrinsic pathwgs (two main apoptotic pathways).
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The extrinsic pathway isctivated uponstimulated by death receptors, which causes
activation of caspase 8. In the intrinsic pathway, the activation is by several stimuli which
damage mitochondria and lead to ressaiscytochrome ¢ whictactivategprocaspase 9 thus
in turn activaing cascadesf executioner caspases, sucltaspase 8aspase 6 anchspase

7 (Thornberry, 1998; Cianciulét al.,2018).

caspase 1 is one of the cysteaspartic acid protease (caspase) famwhich is also
described as an interleukin bconverting enzymdt plays a central part in the inflammatory
process by activatiorof pro-inflammatory cytokine IL1-b  a n-d8 (Fahtuzzi and
Dinarello, 1999)and inducingcell apoptosis. Initiation of caspal can be triggered by a
number ofstimulantseither from the host or foreign sourceg)ich aremainly associated
with components of pathogenic microorganisms (Fireseial., 2016). Caspase play a
role in triggeimg pyroptosisn infectedhost immune cells such as macrophageg.optosis

is a highly inflammatory form oforogrammed cell deathwith involvement of DNA
fragmentation and membrane permeabilaratcausing the eliminationf infected cells
(Fink and Cookson 2006). keontrast tapoptosisthecell deathdue to pyroptosisesuls
from ruptureof theplasmamembrane and theleag of DAMP molecules (Barojazoet
al., 2014).

Caspas 8 is a memberof caspase familylt playsa main role in the execution phase of
cell apoptosisThis protein is involved in thapoptosisnduced byFasreceptor and various
apoptotic stimuli. Fas receptor may interact wRasassocated death domain (FADD),
which then recruits caspa8¢Kruidering, and Evan, 201).

Caspased is memberof the caspasdamily; it is implicated in cytokine and apoptosis
processing. Caspase 9 is activatetheearlystage of apoptosis after stimulatioicells by
apoptotic stimuli which in turn stimulatemitochondri& releaseof cytochromeC and
production of ROSKuida, 2000. After activation ofmitochondria bycaspas®, caspase
inhibits production of ROS and is required for executioapufptoss (Brentnallet al.,2013).

1.11 Pyroptosis

Pyroptosis ighe highly inflammatory form of programmed celéath withinvolvement of

DNA fragmentation and membrane permeabilization caubi@glimination of the infected
cells (Fink and Cooksqr2006). Inflamnasomes are multiprotein whiare formedafter

cellular infection or stress. The inflammasome is responsiblgifgering the maturation
and secretion of proinflammatory cytokines such ad Ib  a rl8. Inlatdition the

inflammasomecantrigger caspaséd. resultingin pyroptdic lysis of the infected cell (Fink
and Cookson, 2005).
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Pyroptosisplays an important rke in the clearance ahtracellularinfection by removing
intracellular replication niches and promoting the host's immune defensive res@fankes

and Cookson 2006). In infected macrophaggsoptosisis initiated by the recognitiorof
pathogernassociated molecular patterns (PAMBSg)plasmamembrane receptosichas
toll-like receptors (TLRs)which recognizeantigensfound inside thecell. In contrast to
apoptosis, celldeath due to pyroptosis results in plasimembranerupture andis
characerised byrelease of DamageAssociated Molecular Pattern (DAMP) molecules
(BarojaMazoet al.,2014). However, both apoptotic and pyroptotic cell espifeéS on the
outer membrane leaflet, therefore Annexin V cannot differentiate between apoptotic and

pyropotic cells (Mcllwain, et al.,2013).

1.12 Autophagy

Autophagy or typdl cell death is a selflegradative process of damaged or
unnecessargell organelle which maintains normal cell functions. Autophagynduced
through cellular stress when therestarvation and /or reduction in growth factors. Thus,
autophagy may provide an alternative source of energy and building blocks obtained from
defective or ged macromoleculet enable cefl to survive. However, mediators and
pathways of autophagy differdm apoptosis. (Overholtzest al., 2007; Yanget al.,
2010).

1.13 Role of autophagy in differentiation ofLeishmania

promastigotesinto amastigotes

Autophagycan occurduring differentiation of amastigotdxsy self-digestionof somecell
organellesby degradative enzymes originating from inside of the parasite infected cell
Autophagy is important fodefenceagainst starvation conditions after chasgn the
ernvironmental conditions, and also as for protein and organelle degradation during cellular
differentiation and recycling of damaged organelles in order to survive in extreme
environmental conditions (Reggiori and Klionsky, 2005; Gatlial.,2014).

The Leishmaniaparasitehastwo largely different morphologicatagespromastigote and
amastigote. Within the mammalidrost, the metacyclic promastigotes are engulfed by
macrophagesand then promastigotekfferentiate to the amastigote form whishrvives

and multiplies. Diffeentiation between these formmyolvesextensive reorganisation of the
cellular structure and large changes in overall parasite size. Accordingly, these changes ar
crucial fort h e p asuraiali Ttherefoeeit has been hypothesizehat autophagy pja

an essential role in amastigote differentiation processesLaigtimaniawould be an
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excellent modebrganismfor studies of autophagy in cellular differentiatiofifiams et
al., 2006)

1.13.1 Paraptosis
Paraptosiss a type opbrogrammed cell deatleharacterizeanorphologicallyby thepresece
of vacuolization in the cytoplasm. Vacuolization begimith the physical swelling of
endoplasmic retulum and mitobondria (Sperandiet al.,2000). Itshouldalsobe pointed
out that paraptosis does not involve the activatidncaspass apoptotic bleb bod
formation, or other morphological characteristics of apoptosis such as nuclear fragmentation
andchromatincondensation, In addition, it is-Bensitive to apoptotic inhibitors suchixd-
XL which aremembes of the BCL 2 family (Sperandicet al.,2000 ,2004).

1.13.2 Necrosis
Necrossis a prematureell deathcausedoy cell injury inducedby pathological factors
such as trauma or physical damage, infection, toxins, heat, cancer, infarction,
inflammation, andparticularly failureof energy supply to theells Proskuryakowet al.,
2003). Necrosis isharacterised morphologically by celluswelling and vacuolation of
thecytoplasmand breakdown of plasma cell membrane. Subsequéhtye isrelea® of
cellular contents and proinflammatory molecules whi@h @ induction of inflamration
around the necrotic cell®\poptosis iscaspasalependent whereas necrosiscéspase
independentMorphologically necrotic cellsarecharacterised by changes in the nacle
condensation and fragmentation of DNA. However, there are morphalagnalarities
between necrosis and apoptosis (Be@in andThompson2004).
Secondary necrosis is a procegschoccurs in apoptotic cells wheneyarenot engulfed
by phagocytes, ithis case the plasma membranebi®kendown and the cell contdsa
are relased (Kono, and Ro¢k008). It is alsopointed out that necrosis, secondary
necrosis and necroptosis, folled by apoptosis represent different forms of cell death
that eventually lead to similar cellular morphological features, including cytoplasmic
sweling, rounding of the cellJoss of plasna cell membrane integrityand releas of
intracellular contentsutsidethe cell (Berghest al.,2010).

1.13.3 Apoptosis inLeishmaniaParasites

Apoptosisis also observed in eukaryotic microorganisms such as protodgeeast, with a
common feature of apoptosis in mammalian cell which is maé@pppearance of plasma

membrane blebs, chromatin condensation and mitochondrial swelling (Plaichoh00L,;
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Rodrigueset al., 2006). The differences between apoptopampptosisand necrosif

mammaliarLeishmaniacell and aresummarisedn Tablel.3.

Table 13: Comparative analysis of apoptosis, paraptosis angecrosis features
Comparative analysis of apoptogiaraptosis and necrosis features observed in mammalian
cells and_eishmanigparasitgadapted from Rodriguegt al.,2006).

Cell type death | mammalian cells Leishmaniaparasite
Apoptosis -Exposure of phosphatidylserine on the cq -not depend on apoptosis
membrane activation
-Alteration of mitochondria -Alteration of mitochondria
-Activation of caspases -Activation of caspase
-Fragmentation of DNA -Fragmentation of DNA
-Membrane blebbing -Membrane blebbing
Cell membrane lost integrity
Paraptosis -Cytoplasmicvacuolation -Cytoplasmicvacuolation
-No fragmentation of DNA -No fragmentation of DNA
-No activation ofcaspases -No activation oftaspases
-Swelling of mitochondria -Swelling of nitochondria
Necrosis -Plasma membrane -Plasma membrane
breakdown breakdown
-Integrity of cell membrane -Integrity of cell membrane

1.13.4 Apoptosis and immunity
Apoptosis isaself-suicide of cells to eliminate infected or damaged cells therefore, apoptosis
play an important rolen immune responseand haemossss (Jacobsoret al, 1997).
Apoptosis isa defence mechanism hgutrophils, eosinophils, lymphocytes, monocyed
macrophages ithout triggering immune and inflammatory response (S&titl., 2003).
Moreover the viability of macrophageto engulf and degrade dead cells may also contribute
to tissue imbalance. Therefore, abnormal apoptosiscoatribute toseveral types of
diseases ranging from autoimmunity to can@feadeel, an®rrenius,2005).
Phosphatidylserine (PS), whidfound on the cell membrane consist fatty acid, glycerol
and amino acid. PS play role in signalling and engulfing of target cells by macrophages
(Verhovenet al.,1995). It is found on mature macrophages, and monocytes (Verkbven
al., 1995; Appeltet al., 2005). PSs found in the inner leaflet of cellularembranes of
eukaryoticcells it plays an important role in many biological and immunological processes.
In the case of apoptosis, PS is translocated from the inner leaflet into the outer leaflet of

plasma membranes (Schroit and and Zwaal., 1991).
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Figure 1.9: Chemical structure of the PS
PS is an acidi phospholipid has three ionizable groups. The generation of ROS occurs ¢

apoptosis, which together with the cytochrome c cussing oxidation of the fatty acids in
before this lipd is externalizedAdapted from(the lipidweb, 2019).

In apoptosis the normal structure of cell membsavi# change permanently to control and

eliminate the damaged celsenescent and activated cell s wi
activate phagodic cells to recognise the apoptotic cells. Subsedyemcognition of PS

activates phagocytic cells to produce-lQ and TGFb cyt ok i etals 1972 Ker r
However both live and deall. mexicangarasite express high levebf PS on their surface

(van Zandbergeet al.,2006; Séguin, and Descoteau®1B). Therefore, PS may activate
phagocytic cefi to engulf these parasites via apoptotic receptors which prevémntstian

of immune response and releasing of proinflammatory cytokines against this pathogen (van

Zandbergeret al.,2006).
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Figure 1.10: Immune response necrosis and apoptosis
Damage associated molecular patterns (DAMPS) iateacellular molecules which ¢

normally hidden in the interior of de and that are only detected after necrosis. Innate im
cells have receptors that can detect certain intracellular DAMPs. In necrosis, cells alw
the membrane integrity anélease their intracellular contents including DAMRHereasin
apoptais, cells initially maintain membrane integrity including DAMRKghen the apoptot
cells are engulfed by phagocytes, the apoptotic cells do not releasmttagiellular DAMP:
which will not stimulate the immune system. However, if the apoptotic eedsnot rapidl
engulfed, they will undergo secondarycnaesis which causes releasinf DAMPs and the
stimulafon of the innate immune system. the case ofhecrosis, DAMPs wilbe recognisd
by innate immune cells which will stimulate the immune systéwuepted from (Kono, an

Rock 2008).

Understandinghe signalling pathways &alb/c anrd C57BMDM infected with P1 and P20

that govern the execution of agopis and comparing betweerifdrent pathways in these

two strains in additiorto therole of P20 in apoptosis, may thus yield novel targets for

therapeutic intervention in a we range of mammalian diseases

1.14 Proinflammatory cytokines

Cytokines play angor role in the regulation of host immune responses to infection and

inflammation. TNF, I:1, and 16, IL-8, and I-:12 are defined as proinflammagor
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cytokineswhich are produced mainly by macrophages and monocytes (Beilgf. In

this regard, cytokes play a vital role in health and disease. Proinflammatory cytokines (IL

1b, -6BAdTGFb) can regul ate endotlehetslandéetocytee | | adhesi
trafficking to inflammation sits, causng tissue damage (Mt al., 2000; Gome<t al,

2014).

1.14.1 Interleukin 1 (IL -1)

The family of interleukin 1 is mainly producday macrophages and monocytes after

activation. These cytokines are pleiotropic and are involved in the inflammatory process,

immune responseandtrigger apoptosis (NCBI RefSeq, 2008). There are 11 members tha

belong tothe IL-1 cytokine family such ad 1 U,-1H Lan-BRa.llllb i s one of
strongest pro inflammatory cytokines in this family

The secretonof B1 b i n a response to PAMPs is influen:
pathogen stimulator (Le Feuvet al.,2002; LopezCastejon and Brough, 20}, as shown

in a recent study which confirmed that amastigotes but not promastigatebratziiensis

caninduceltl b cyt ok i etals20l4)@olnfesi s t he main player in
the severity of diffuse cutaneousishmaniasislong witha positive relationship between

levels of this cytokine and severity béishmaniasigFernandeZigureueroaet al.,2012).

It is also pointed out thaGomeset al., (2014) confirmed that only amastigote Ibof

braziliensiscan induce the release of-ILb .

IL-1 b and TNF are produced in an early innate 1in
main sources of K1 bare macrophages and monocytes, it is also produced by epithelial

cells, dendritic cells, NK cells, B cells, and fibroblasts (Bassoret al., 2009; Lopez

Castejon and Brough, 2011L-1 b st i mul at es t he |proteiasthatt o pr oduc
induce the central nervous system to secpbstaglandins and induce fever.-1Lb

stimulates mast cells to produce histamine which acts as a vasodilatgrasmdocyte

chemoattractant during inflammation (B8assoret al.,2009)

1.14.2 Interleukin 6 (IL -6)
The main producerof this cytokinein vivo areantigen presenting cells such as monocytes,
macrophagesn addition to other cells includirfdroblass, T-cellsandB-cells. Stimulation
of IL-6 secretion can be triggered by-1. TNFU TNFb, and infection with pathogens.
Stimulation of human monocytewith bacterial lipopolysaccharidesin activate them and
increase IL6 prodution. However, inhibition or locking of IL-6 leads to a delay or
prevention of maturation of plasma andc@8ls whch will increase progressive cases

(Schelleret al.,2011; NCBI RefSeq, 2017Antigen presenting cells secrete eitheitlor
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IL-12, in response to a particular pathogesmich are the main factethat determine the

type ofimmune responsgctivatetype of CD4+ T cellg. In the case of secretion of b,

this will activate Th2, and may activate the release &f,livhich also in turn activates Th2

as well (Rinconet al, 1997). In contrast, in mucosal but not cutanebeshmaniasis
Castellucceetal., (2006) demonstrated that-could play a role in the regulationtgpe 1
inflammatory responselL -6 plays two roles, it promotes Th2 and inhibits Th1. It inhibits
Th1l either by activation of naive CD4+ T cells to producé Nvhich helps in dferentiation

of T cell into Th2 or by interferingwithIFd s i gnal I i ng (Diehl anc
study has also reported that low lesset IL-6 wereshown to enhance human macrophage

activity against théeishmanigparasite (Hatzigeorgiou, He al, 1993).

1.14.3 Tumour necrosis factorU(TNF-U )

The TNF-Ufamily is produced in the early stages of immune response by macrogratjes

is also produced by epithelial cells, dendritic cellK cells, B cells and fibroblsts (Ben
Sassoret al., 2009). TNF plays a role in regulation of wide biological processes such as
differentiation, proliferation and apoptosis (NCBI RefSeq, 2016) and plays a significant role
against cutaneouseishmaniais. Liew et al., (1990b) infected mice with.. major and
injectedthemwith anti TNF which caused exacerbation of the lesimhereas mice injected

with TNF in the lesion had a reduction in lesion size. In this regard Zwingenbeeje
(1991) compared seruaytokinelevels of infectedand controbatients withL. danovaniin

Brazil. The results showed that the TNF | evel i n pat i doltthan wa ¢
controls. Thesecretion of TNF, ILL and I-6 by leucocytesn early infection by parasise

is a result of the combination of cytokines which regulate acute inflalmmmand fever
(Titus et al.,1991). The early relea®f TNF by macrophages in response to infection with
promastigotes is more than that in respongbabwithamastigotes eithan vivoor in vitro
(Duqueet al.,2014).Thiswasassociated with the esgssion of GB3 which is abundant on

the promastigote surfacand can degradenembrane proteins in phagosa@nealled
synaptotagmin. Degradation of synaptotagmin leads to the releds®& and TNHDuque

et al.,2014).

1.14.4 Transforming growth factor beta (TGF-b )
TGFb i s a protein superfami kbyl , c-Ghasid TSEH n g
3. TGFb is a protein that regulates cell functions such as growth, proliferation,
differentiation and activates other cytokines suchasONFa n eb [(FNNC B |, 2@®R®&.f S e ¢
In Leishmaniainfection TGFb i s produced in responsse t

(Gomeset al.,2014)and increases susceptibility k@ishmaniasidy inhibiting activation
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of macrophageand decreasing IFY . Bet al.y(1®95) compared huam macrophages

infected withL. braziliensisin vitro culture medium containing TG, t he resul ts sho
that the number parasites in the T6F t reated fl ask was 50% high
suggesting TGl had reduced m3Moreovep FT@FH es icapable iofv i t y .

charging the immune response toward Th2 by upregulation-d0ikitheiin vivoor in vitro
(Barral et al.,1993).TGFb acti vates Th17 which is associate
and damagetissues (Belkaid and Tarbell, 200%he regulabtnof TGFb i s associ at ed wi
two factors, the parasite burden ahé host; it is higher in mucosaleishmaniasighan

cutaneous Leishmaniasis Baceliral., (2002), andhere is awide range of variation in

TGFb levelsamong different indlidual infected withLeishmanigGomeset al.,2014).

The ®cretion of TNF, IL1 and IL-6 by leucocytesin response to early infection with
Leishmanigparasite regulates the acute inflammation and fever (€ttat,1991) and the

activation of Th1l7 which is assated with chronic inflammation and tissue damage
(AcostaRodriguezet al.,2007). However, there is a big individual variation in the legéls

IL-6and TGFb cyt oki nes bet we e reishnaamgsl (osesatal., r esponse
2014).

Differentiating Effector
cytokines Lytokines
IFN-y Activation of leishmanicidal
IL-12 b y —. actlvlty
IFN-y | TNF-a resistance vs. pathology
"""""""""""""""""""""" Role for Th17?
IL-23
IL-6 IL-17 .
.1 10 15 TNF-o
TGF-3 Activation of
IL-10 - leishmanicidal
IL-10 activities
Regulatory activities for keeping
-4

¥ pathology in check and aiding in
long lived immunity?

Figure 1.11: Role of proinflammatory cytokines in Leishmanissis
Cytokines play a central rola activation or suppression of host monocytes and macroph

in response theishmanidnfection and subsequent immunopathology of this disease. Effe
cellular resporsagainstLeishmaniadepend on CD4+ T cell subset formation. CD4+ T «
subsets arable to activate leishmanicidal responses by host monocytes and macrophages.
The cytokinemicroenvironment is the main factor that cause initial activation of naive C

T cell differentiation of CD4+ T cell subsets (Th1, Th2, Th3, Treg and Th17).

Adapted from (Gollob and Dutra. 2014).
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1.15 Balb/c and C57mice

Two inbred mousestrainshave been widely used in research to study the biology of the
host 6s r leishmanmeiafection. ©@57BL/6J mice (C57) isan inbred straiof 20
generations by inbreeding between offspring and parents or brothers and sisters, therefor
the individuals have 98.6%omozygous similarity. This strain is characterised with a black
colour coat anéremostpopularsub-strainsmicefor cancer and immune research (Betk

al., 2000). TheLeishmaniaresistant C57 mice display a localized, small and s=dfling
infection lesioncombined withThl cytokines such as & IL-10, TNFU ando | FN
production. Activation of This capable of etivating macrophages to generate and release
microbicidal factors leading to resistance and recovery from infection €radr, 2003;
Soong, 201p On the dber handLeishmaniasusceptibleBalb/c mice strain isn albino

strain of haise mousgit is widely usedin immuneresearcharoundthe world inbred

for 200generationgInformatics.jax.org, 2019)Balb/c mice have a different response to
Leishmanianfection characterised with@roductionof Th2 cytokines (Ik4, IL-10, and IL

13). This difference in thgeneticbackground as a basis of susceptibility or resistance was
instrumental in the development of the Th1/Th2 paradigm (Reiner, and Locksley., 1995;
Gollob et al.,2014).

Developing s&, effective, and affordable vaccgfer the prevention of this disease become

an urgent need. Therefore, it becomes important to understand the immunological anc
pathophysiologicamechanismgo help researchedevel@ vaccing or treatmerg. Many

studies have focussed onomsemodels that are susceptible and resistariteishmania
infection, in order to broaden understanding of the immune responses such as mediators ¢
protection, primarily a Thl and ThBiased respnse, but to best of my knowledge there is

no study compamg between P1 and P20 parasid Balb/andC57 BMDM.

To understand fully the infectivity and survival of tbeishmanigparasite it is necessary to
study theinteractionbetween the host mamnaai cells and the parasite. Therefore, using
BMDM from resistant andusceptiblenodel animals and virulent and avent parasites

may lead to a more complete understanding of the underlying mechanisms of the disease.
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1.16 Aims and hypothesis

A literature review reported that tHemexicangparasites lost virulence after 20 passages
On the other hand, there are tafoains of mice, Ballr which is susceptible and C57BL
which is naturdy resistant td_eishmaniasisHowever,macrophages are the ultimabed
host for Leishmaniaparasites \were parasite can survive amdultiply. Accordingly,
Leishmaniasis is the outcome of a successful invasion of macrophadeasishynania
parasites Therefore knowing how theLeishmaniaparasite survives and multipliesside
macrophages would help in designing the right treatment or vacé&isedlishing anin
vitro model system using macrophage cells isolated from Balb/c anch€g7and infected
with virulent and avirulent.eishmaniaparasites could be helpful for und@anding the

survival strategy of parasgéside macrophage

Aims

1 - To generate an avirulemteishmaniaparasite by prolongingn vitro culture for 20
passages to study parasite growth, virulencearadieparasite characteristics.

2 - Studying infetivity of virulent (P1) and avirulenh (P20) Leishmaniaparasites in
susceptible Balb/c and resistant C57 ntome marrow derivednacrophages. This will
involve survival of virulent and avirulernt. mexicanan susceptible Balb/c and resistant C57
mice, marophage<ell interaction and gene regulationagoptosis angroinflammatory
cytokines.

3 - To investigate the effect of molecules produced by animal host cells during interaction
with L.mexicangparasites on the parasite growth and virulence geguation Pland P20

promastigotes

40



Chapter 2

Materials and Methods
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2.1 Materials
Table 2.1: List of equipment used in this stud
Number | Equipment name Manufacturer CatalogueNumber
1 -20freezer Les 2C0000062
2 4°C fridge Les 2C0000062
3 -20°C freezer Denely 9811271100
4 4°C fridge Denely 9811271100
5 -80°C freezer Sanyo 0870722
6 Micro centaur centrifuge Sanyo SG94/02/284
7 Nano drop 800R spectrophotometer| Lab tech 0388
8 Autoclawe Rodwell
9 Benchtop vortex mixer Scientific
industries
10 Block heater Stuart SBH130D
11 CK2 Microscope Olympus 110605
12 Hotplate with stirrer, aluminium plate Geneflow SB162
analogue
13 Class Il microbiological safetyabinet| Envair C14299
14 Class Il microbiological safety cabin{ Walker C1496
15 0O./CQO; incubator 37°C Sanyo
16 Cooled incubator 25°C LMS 9140/06LR
17 Real time PCR machine Rcorbett R0O70571
18 Surgical Forceps
19 Surgical Scissors
20 Disposable sterile scalpel Swann Morton
21 Pellet pestle Sigma 7359971
22 Nikon eclipse TS100 microscope Nikon
23 Nikon digital net camera DN100 Nikon
24 Microscope Olympus
25 CMEX 5 camera Euromex DC. 5000C
26 Heraeus Megafuge 8 centrifuge Thermo Scientific| 75007210
27 Flow cytometer Beckman Coulter| AN31109
28 Fluorescent microscope EVOS Thermo Fisher | AMF4300
Scientific
29 Automatic counter BIORAD TC20
30 pH meter thermos Scientific OR10N STAR
31 Clario star plate reader BMG LABTECH

42



https://www.bmglabtech.com/microplate-reader/

Table 2.2: List of consumables used in this study

Number Name of product Manufacturer | Catalogue
Number
1 10 mL syringes Becton
Dickinson
2 Needles (25 &) x 1" Becton SKU:
Dickenson ND400
3 Sterile Petri dishes Sarstedt
4 Pipettes 5 Sarstedt
5 Pipettes tips 1000Llublue Sarstedt
6 Pipettes tips 200luyellow Sarstedt
7 15 mL centrifuge tubes Sarstedt
8 20 mL centrifuge tubes Sarstedt
9 50 L centrifuge tubes Sarstedt
10 Tissue culture flasks T75 vented (red cg Sarstedt 83.1813.00
11 Tissue culture flasks T25 vented (red cq Sarstedt 83.3910.002
12 Tissueculture flasks T25 unvented (greq Sarstedt 83.3910.500
cap)
13 Neubauer haemocytometer Nano EnTek 4359B233
14 Paster pipettes SLS
15 6 well tissue culture plates Sarstedt
16 96 well tissue culture plates Sarstedt 83.3924
17 24 well tissueculture plates Sarstedt 83.1836
18 Pipette tips biosphere 1A (white rack) | Sarstedt 70.116.210
with filter
19 Pipette tipdiosphere 2QL (yellow rack) | Sarstedt 70.760.122
with filter
20 2 mL micro tubes Sarstedt 72.695.500
21 1.5 mL micro tubes Sarstedt 12.690
22 0.5 L micro tubes Sarstedt 72.699
23 CryoPure Tube Sarstedt 72.377
24 Cell scraper (Small) Fisher 08100241
25 Strip Tubes and Caps 0.1Lm Qiagen 981103
26 0.25 pm minisart syringe filter Satorius 16534
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Table 2.3: List of reagents, chemicals and kits used in this stud

Number | Reagent/chemical Manufacturer CatalogueNumber
1 | Foetal bovine serum heaactivated Gibco 10500064
2 | Dimethyl Sulphoxide (DMSO) Sigma D2650
3 | Ethanol absolute Sigma E7023
4 | Phosphatebuffered saline(PBS) Lonza BE17-512F
5 | Paraformaldehyde (PFA) Sigma 158127
6 | RPMI1640 media with tglutamine Lonza BE12702F/U1
7 | Foetal bovine serum Gibco 10276106
8 | Penicillin-streptomycin LONZA DE17-603E
9 | Tetro cDNA synthesis kit Bioline BIO-65043
10 | RNaseFree DNase set QIAGEN 792554
11 | Glacial acetic acid Sigma
12 | RNeasy mini kit Qiagen 74104
13 | Beta mecaptoethanol Sigma M3148
14 | Giemsa stain modified solution Sigma BCBQ8217V
15 | Ethanol anhydrous Sigma 676829
16| S ¢ h n e Drdsephiamedium Lonza 04-351Q
17 | SsoAdvancet universal SYBR® Biorad 1725271
Green Supermix
18 | Nucleag-Free Water Qiagen 129115
19 | Albumin from bovine serum Sigma A2153
20| 1 M Hepes Lonza 17-737F
22 | RAT ANTI MOUSE F4/80 AbD Serotec MCA497GA
23| Go at ZANTaARAG )gG: FITC AbD Serotec STAR69
(MOUSEADSORBED)
24 | Mouse antiLeishmanihLPG (CA7AE) | Biorad OBT2002
25 | Alexa fluor 488 goat antinouse 1gG Thermo Fisher | A32723
(H+L) Scientific
26 | Alexafluor 647 Annexin V BioLegend 640911
27 | propidium iodide Sigma P417010mg
28 | Trypan Blue Dye,0.4% BIORAD 1450013
29 | Trypan Blue Solution Sigma TB154
30 | Mouse IL-6 ELISA development kit MABTECH 3361:1H-6
31| Mouse TNFU ELI SA dev g MABTECH 35112-1H-6
32 | Glycerolfor molecular biology Sigma G5516
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Table 2.4: List of mice primers used in this study

Primer Sequence Annealing
temperature

IL-6 forward primer TGG AGT CAC AGA AGG AGT GsC TAA G 63.8C
IL-6 reverse primer TCT GAC CAC AGT GAG GAATGT CCAC 63.8C
IL-1 b f or war (GCCTTG GGC CTC AAA GGA AAG AAT C 63.8C
IL-16 reverse primer GGA AGA CAC AGATTC CAT GGT GAA G 63.8°C
TNF-U f or warr ¢( ATAGCT CCC AGA AAA GCA AGC 63.8C
TNF-U r ever s {CACCCCGAAGTTCAG TAG ACA 63.8C
TGRb f or warr ¢{ CTC CCACTCCCG TGG CTT TGA 63.8C
GAPDH forwardprimer | GTT CCA CAT GTT GCT CCACACTTG 63.8C
TGFb reverseprime TTC ACC ACC ATG GAG AAG GC 63.8C
GAPDH reverse primer| GGC ATG GAC TGT GGT CAT GA 63.8C
b-actin forward primer | TCA CCC ACACTG TGC CCATCT ACG A 63.8C
b-actin reverse primer | GGA TGC CAC AGG ATT CCA TAC CCA 63.8C
Bax forward primer CTG AGC TGA CCT TGG AGC 60C
Baxreverse primer GAC TCC AGC CAC AAA GATG 60C
BCL 2 forward primer | GAC AGA AGA TCA TGC CGT CC 60C
BCL 2reverse primer | GGT ACC AAT GGC ACT TCA AG 60C
IL-1 fdsward primer | CACCTT ACA CCT ACC AGA GTG ATT TG 64°C
IL-1 réVverse primer | TGT TGC AGG TCA TTT AAC CAA GT 64C
PD1forward primer CCAGCAACCAGA CTGAAA AAC 64C
PD1reverse primer TCTCCTCGATTTTTGCCT TG 64C
CASP1forward primer | GAG ATG GTG AAA GAG GTG AA 60C
CASP1reverse primer | GTG TTGAAG AGC AGA AAG CA 60C
CASP8forward primer | TGC CCT CAAGTT CCT GTG CTT GGA 60C
CASP8reverse primer | GGA TGC TAAGAATGT CATCTCC 60C
CASP9forward primer | GCC ATG GAC GAA GCG GAT CGG CGG 64C
CASPO9reverse primer | GGC CTG GAT GAAGAA GAG CTT GGG 64C
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Table 2.5: List of L.mexicanaprimers used in this study

Primer Sequence Annealing
temperature
GP63 forward primer | ACA TCC TCA CCG ACG AGA AG 60C
GP63 reverse prinme ACC TTG AAG TCG CCA CAG AT 60C
LPG1 forward prime CCA GAATCT CTT TAT CAT TCA 60C
CCs3
LPG1 reverse prime GTAGTC GTG ATC TTC GCC GTA 60C
LPG2 forward primer | CAT TTG GTA TCC TGG 60C
LPG2 reverse prime GAG GAA GCC ACT GTT 60C

GAPDH forward primer

CCATCT GTGACCAGG GTCTT

60C, 58C, 68.8C

GAPDH reverse primer

TGC TGC TTC ATC ATC TGG TAT GC

60C, 58C, 68.8C

MPK9 forward primer

GTT GGATCC ATGGAG CGC TAC
ACG GTG ATG

68.8C

MPK9 reverse primer | ATG AAG CTT CCC GGG TCA GAA 68.8C
GTT GAACTC

A2 forward primer ACT GCG GGT CAA CAG AGAS 58C

A2 reverse primer ATG AAG ACACTC AGC TTG CG 58C
CBP2forward primer ACGTGTTGATCGGAAGCAG 60C
CBP2 reverse primer | CAG CGT GGT TCACCT CTT TA 60C
CPB2.8forward primer | CGT GCC TGC TCA GTG AAT AC 60C
CBP2.8 reverse primer| GAT CAC CTG CTC CAC CATC 60C
LACK forward primer | GGT CGT ACA TCA AGG TGG TG 60C
LACK reverse primer | GAC CGT AGT CGC TGT CCAC 60°C
CHT1forward primer | TCAGGACTCGTTCCACTACG 58C
CHT1reverse primer | ACC TCG GCA CTG AAG AAG AT 58C
CPCforward primer GTGACA ACGTCGAGA TGGAG 58C, 60C
CPCreverse primer TAC ACCTGC ATG GCT ACC TC 58C, 60C
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Table 2.6: media and buffers used in this study

Reagent

Recipe

Annexin V buffer

PBS plus 10mM HEPES (pH 7.4), 150m
NaCl, 5nM KCI, 5mM MgCl2, 1.8mM CaCl2

DC medium

RPMI1640 with glutamine, 5% v/v FCS, ]
mM hepes, 200OM b50Wnalr
Penicllin/Streptomycin ,5 nfmL GMCSF

RPMI 1640 10% HIFCS medium

RPMI1640 with glutamine, 10% v/v HIFCS

RPMI1640 10% HIFCS medium 5.5 pH

R HCL A PMI 1640 withglutamine,10% v/v
HIFCS,HCL A until pH become 5.5

Schneided Brosophilal0% HIFCS medium

S ¢ h n e iDbsophdaswith glutamine 10%
v/v HIFCS

Schnei deosophia 10%  HIFCS

medium5.5 pH

S ¢ h n e iDbsophdaswith glutamine 10%
viv HIFCS, HCL A unil pH becane 5.5

Flow cytometryFluid

1 x PBS containing 0.1% w/v BSA plus 0.1
NaNs

White blood cell count fluid

Glacial acetic acid 2% s/v, Gentian Violet 1

w/v in Distilled water

PBSTween20 (PBS)

1 litre 1 X PBS, 5ml Tween 20

Antibody Buffer

3% BSA,0.02% Sodium Azidin PBS

Blocking Buffer

100 pL tween 20 + 5% BSA + 100 mL PBS
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2.2 Introduction

Three methods were examined to achieve the aim of this staklyging; (i) P1 and P20
characterisatior(ji) interaction between virulent P1 aadirulent P2QL. mexicanaandtwo
types of mammalian cellsusceptible Balb/c and resistant C57 mice bone marrow derived
macrophageBMDM), and (iii) effect of supernatants derivedin these mammaliasells
infected with P1 and P20 for 24 hounsL. mexicanaP1 and P20This chapter starts with
explanation otheproduction methods @lirulentL. mexicana A brief description oboth

P1 and P20 and effect of culture conditions on growth and differentiation into amastigotes
was also introduced and higithited. It should be mentioned that the main approael in

the methodology consists of three stages. In the first stage, PP2hparasitesare
comparedin parasite culture conditisrand infection conditioswhich included type of
medium (Schneiderdrosophila and RPMI164), presence and absence @fygen and
temperatur¢25C and 37C) to understand the difference between théthoutthepresence

of mammaliarcells beforanvestigaing the ability of P1 and P2€o surviveandmultiply in

the infectel cell Infectivity of P1 and P20 are compared by infectionLefshmania
susceptibleBalb/c and resistant C5BMDM in vitro is described in stage. Stage3
investigates whether infectedammaliancells produce molecukethat may affect P1 and
P20 growth and virulenceby using supernatant produced from stdder preparation of

conditionedmedium.

2.3 Virulent and Avirulent L. mexicana

2.3.1 Virulent L. mexicana(P1)
L. mexicangarasiteMNYC/BZ/62/M379 strainwas obtaineérom Dr V. Yardley, London
School of Hgiene and Tropical Medicine and kept in liquid nitrog€he parasite was
maintain& by subcutaneous inoculation of Balimice. Parasite was harvested from Balb/c
mice lesiol and culturedn vitroin S ¢ h n e Drdsephiamedium Parasits at P1 ofin
vitro culture werehighly virulent as was showed by Adt al.,(2013).

2.3.2 Avirulent L. mexicana(P20)
L. mexicangpassage twentyPR0) wasproduced by sub culturing &f mexicangpassge
one P1) twenty timesin vitro (Ali et al.,2013).Briefly, 5x10° P1L. mexicanavas cultured
in unvented T25 tissue culture flask (Sarstedt UK) containing 5mL Schnei der 6s
Drosophila media(Lonzg UK) supplemented with 10% v/v heat inactivated foetal calf
serum(HIFCS) (Gibco, UK) at 25°C(Jaffeet al.,1984).Sub-culturingwas repeatedhen
the parasitewasat decline phas@Approximately after 7 dayd)y discarding all medium

containingparasits andkeeping remaining parasites in thed a s k 6 swalls,ared®@mLa n d
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new freshS ¢ h n e iDebsophilasnedium 10% v/v HIFC was added Subculturing of
parasitevas continue@pproximately every 7 days for 20 times.

2.4 Storing of L. mexicanaparasites

P1and P20 culturesn S ¢ h DBresopthiEmegiismsupplemented with 104IFCS v/v
at 25C in unventedT 25 flask atstationaryphase parasits were harvested an@vashed 3
times with PBS They wereresuspendeth storage medi§l0% v/v glycerol 20% HIFCS
and 70%RPMI1640 medium Approximately20 x1¢° P1 and P2@er mLweretransferred
into cryotubes and kept undes80C beforebeing transferred into liquid nitrogen contaiser

for further usage during this sty

2.5 Preparation of P1 and P20L. mexicanafor infection

Promastigotes at thetationaryphasewere obtained by culturing the parasiteem liquid
nitrogeni n S c h Dwsgdhia médium supplemented with 10% HIFCS at@%n
unventedT 25 tissue culture flasks until they reach the concentraifdd 2 0 6 pér mL 0
which usually happesd at days3 to 5 (seefigure 3.1) (Ali et al.,2013. Beforeinfection,
parasite were washed by RPMI164@nd centrifugingat 2000g for 10minutes ande-
suspended in RPMI640mediumwith 10%HIFCS v/v aad counted by haemocytometer.

2.6 Workflow of characterisation of P1 and P2Q@. mexicana

Figure2.1 summarises the flow work of P1 and P20 characterisatanefore, B and P20
characterisatin was investigated withotlie presence of mammalian cgih vitro.

Workflow

L _mexicana cultured from
infected Balb/c mice lesion (P1) P1 in vitro (P20)

Growth rate Ability of P1 and P20 to Morphological Virulence Gene
differentiate into amastigotes analysis Regulation

I |

|

|

|

|

—

Figure 2. 1: Workflow of P1 ard P20 characterisation (Stagel)

49

Effect of Effect of: Effect of Effect of: Type of microscope: Type of staining: ?y ‘I"_Sl:"'ég_quCR:
media type: media type: .
1. Oxygen 1. Oxygen 1. Light microscope || 1. without 2. LPG2
1.Schneider’s 1.Schneider’s staining S (2
drosophila 2.Temperature | drosophila 2.Temperature || 2. Immunofluorescent g ggg;
1. FITC .
2. RPMI 2. RPMI 1640 | | 3. ph 3. Electronic staining 6. CPB2.8
1640 microscope 7. CPC
: 1. Giemsa g f:gi
4._Atom|c Force staining .
microscope 10. MAPK9




Differences betweenP1 and P2Mhaveinvestigatedwvhich includethe effect of the media
(Schneidedrosophilaand RPMI1640), the temperature and oxyterelson the growth

rate. The morphology of P1 and P20 was studied stadionaryphase of parasite growth
using three differentonfigurdions (without staining, FITC staining and Giemsa staining).

In these experiments, various types of microscope were useldding light,
immunofluorescent, electronend atomic force microscope.

A series of experiments were conducted to study the ability of P1 and P20 to differentiate
into amastigotesonsideringhe effect of SchneidatrosophilaandRPMI1640media,the
temperaturepxygen ad pH. Ten virulencegenes were examined R20 comparg with P1
promastigote at stationaryphaseusing gqPCR. The details of the aboveorkflow are

described in the following subsections.

2.6.1 Growth and morphology characteristics of P1 andP20 L.

mexicana
The growth curveof virulent (P1) and avirulenpassageR20) L. mexicanawerecompared
under different conditions including effect of type of medium oxygen concentration
incubation temperatur@nd infection conditions the absencef mammalian cellsP1 and
P20 wereculturedat a concentratiorof 1 x 1@ per niL intwotypesofmeda, Schnei der 6s
Drosophilawhich isthe standardparasitemediumand RPMI1640medum which is used
for infection of mammalian cedl Bothmedaweresupplemented with 10% HIFCB order
to investigate the effect of oxyggparasite were cultured irthe presege (aerobically)and
absee of oxygen(anaerobicallypy usingventedandunventedT25 tissue culture flask
(Sarstedt UK)respectively All flaskswereincubated atwo differenttemperatures25°C
and37°C. The rumber of P1 andP20 parasitesvere counted every two dapy addingl0
uL of parasiteculture to90 pL of 1% w/v paraformaldehyd&igma UK) usinga Neubauer
haemocytometgiNano EnTek UK)

2.6.2 Morphology of P1 and P20L. mexicanaPromastigotes
Parasite cultures of P1 and P20 at the stationary phase were analysed by four staining
methods; by Giemsa stain and light microscope, staining with FITC and analysed by EVOS
(life technology UK), Atomic érce microscope atysis and Electron microscope

examination.
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2.6.3 Slide preparation for Giemsa staining, Atomic Force

Microscope and Electronic Microscope
L. mexica@a promastigotesve r e c ul t ur eDrosephilairbunvemes fladkeuntib s
they reachedstationaryphase.20 x 16 of P1 and P2@romastigotesvere collected and
centrifuged at 80@ for 10 minutes. Smears were prepamied at room temperature and
fixed with 100% methanol

2.6.4 GiemsaStain
The preparedlgles were stained with 5%/v modified Giemsa stai(sigma UK)for 15-20
minutes wasled with distilled water and left to air dry at room temperatsiaes were
mounted bydpx andvisualisedby light microscop€OlympusUK) connected witltamera

(CMEX 5 Holland)using100 x power and oil immersion

2.6.5 Atomic Force Microscope and Electron Microscope
Some ofthe dried smeaslides without stainingwere also examinedby Atomic Force
Microscope(AFM). To examine slideby anelectron microscopsslideswere fixed to the
stage by carbon sticky pauhd covered byl0 um gold using Quorum (Q150R ES) with
19.32g/m.

2.6.6 Labelling of P1 and P20L. mexicanapromastigotes by CFSE
Carboxyfluorescein succinimidyl ester (CFSE) stain ateotrations 10, 20, 50 and 100
ng/ml were tested, with the optimum results achieved atnt@®l in RPMI1640 media
containing 20 x 1®P1 and P20 promastigotes for 30 minutes aC23he optimal
concentration of the selected stain was-teic as deternmed by motility test.

P1 and P20 promastigotes at stationary phase were stained with CFSE at a concentration
100 ng/ml and incubated for 30 minutes al25The parasiteserewashed 3 times with

PBS to remove the extra stain and resuspended ih 80qparaformaldehyde. Wet smgar
were prepared and fixed witla coverslip sealed with nail polish and examined by

fluorescent EVOS life technology microscope UK (40X).

2.6.7 Body and flagella measurementof P1 and P20 L.mexicana

promastigotes
To estimatethe body sizeand flagellalengthof P1 and P20 parasiteBarasiteculturesat
stationary phaseere centrifuged at 80§for 10 minutes and rsuspended in 50Lp0f 1%
w/v paraformaldbyde. Wet smearwere prepared from parasites pellet and sealed with
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coverslip using nail polish. Pictures were taken using EM@$oscope(Life technology
UK) in transmissionrmode Measuremestof parasite sizewere taken using NI vision
assistant soivare (UK). Measuremets were converted from pixalinto um (1um= 4.72
pixels) according tahe scaleof the picture definetty EVOS microscopeAppendix1 A

andB).

2.6.8 Data analysis of P1 and P2@romastigote morphology
The pictures collected for P1 and (PRromastigote with or without CFSE stairwere
analysed usindNIl vision assistant softwardhe metacyclic stage of P1 and P20 was
determinedby two methodsfirst, by determiningi f | age |l t ami & agsdefimed c h
by:1 f r a2, thepromastigtés were considered at metglic stage(da Silvaet al.,
2015).Second, the metacyclic stage of P1 and P20 carotsderedat metacyclicstageif
the product of Body length(um) X bodywidth (um)} i s(ZaRal,1D98).Thepercentage
of metacyclic pranastigotesfor both methodsyerethencalculatedrom 300 parasites.
In addition,the initial calculation waalsoperformed by dividing the average lengthtiod
flagellum by the average length of thmdy for 300 promastigotes. It was found that the
results obtained by this initial calculation were in good agreement with the results obtained

from the above two methods.

2.6.9 Effect of culture conditions on P1 and P20 L.mexicana

differentiation into amastigotes
Two types of med Schneider'®rosophilaandRPMI1640 supplemented with 10 HIFCS
v/v. and two incubation temperatures@%nd 37C andaerobic and anaerobic conditions
were assessed for their effect on differentiation from promastigotes to amastigotes.
Forthese studie20 million P1 and P2@romasigotesat stationaryphasewere cultured in
2.5mL RPMI16400r Schneider'®rosophilamedia containing 10 v/v HIFCS, in vexland
unvented flasks, and incubated at@®r 37°C andin 95% v/v humidity in 5% v/v C®
incubator all flasks were incubatedif@, 24, and 48 hours.
Parasites were spun down at 20for 10 minute at room temperature and resuspended in
50 uL 1% w/v paraformaldehyde. Wet smears were prepared, and slides were fixed with
coverslips using nail polish. Pictures were taken using ENI@& technology) 40 X
microscopic transmission ligl{Appendix 4). Rownded parasiewithout flagellumwere
counted as amastigotesnd parasitecylindrical elongated body witlagella counted as
promastigotes (Pearson and Sousa, 1998@astigotes angromastigotes were counted per
microscopic field and average percentagfeamastigotes were calculated.
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2.6.10 Effect of pH 5.5 medium on P1 and P20L.mexicana

differentiation into amastigotes
This experiment has been desigmedrder to invetigate the abily of P20 to differentiate
into amastigotein the idealdifferentiationconditions.Effect of pH medium on the ability
of P1 and P20 to differentiate to amastigotes described above (in sediénweas
performed under a manufactukefined pH 0f6.9 £ 0.3 for RPMI1640and 6.5 + 0.3 for
S ¢ h n e Drdsephiamedium respectively (both pH values are af®ipplementation
with10% v/v HIFC respectively)
Bates, (1994) reported that at 3H, Leishmaniaparasites differentiate into amastigotes.
Thereforeto verify this, another tegtising similar conditions described (gection2.6.9
was performedt 5.5 pH to study the ability &1 andP20 to differentiate into amastigotes
The pH was adjusted pH 5.5 by usinga pH meter (Thermos Scientific) and Hpadhloric
acid (Sigma UK). All media was sterilised bfiltrating using 0.25um filters and used
accordingly The procedure of preparing the slides and taking picigrdsscribed above
(section 26.7).

2.6.11Effect of RPMI1640versusS ¢ h n e iDbsophilamedium on
P1 and P20L.mexicana promastigotes growth rate using

Alamar blue assay
Dueto the significant diffeence found in growth rate between P1 and P2RRMI1640
media Resultssection3.2), additional tests were conducted to stuitheg effect of RPN
1640v er s us SBrésopkilandediumdosP1l and P20 growth ratan more detail
To confirm the effect of RPMI1640 medium oR1 and R0 growth, 1 x 10° parasite were
seeded in 96 well plate in 100 yoler well usingRPMI16400 r S ¢ h Dresophiawith s
10% HIFCS. Plates weresealed with ¢hg film and incubatedat 25C for 48 hoursand 3
days The concentration of promastigotes was estimatedilaynar blue assaylO pL
Alamar blue Biorad UK) was added in each welen,the plate sealed and wrapgpevith
foil to protect it from light and @ After 2 hoursthe plate was read by spectrophotometry
plate reader (Clarion st&urope) att70 nm and 60@m. Staining with Alamar bluevas
also repeated after3 days of incubation Results were calculated aecding to the
manufactured protocolas percentage difference ieduction between treated and control

cells usingthe followingequatian:-

53



Percentage difference between treated and controlcels 8pmm

Where:-
O1 = molar extinction coefficient of oxidizédamarblue (Blank)at 570 nmwavelength

02 = molar extinction coefficient of oxidizédamarblue (Blank)at 600 nmwavelength
Al = absorbance of test wells at 570 wawvelength

A2 = absorbance of testells & 600 nmwavelength

B1 = absorbance of control well at 570 mavelength

B2 = absdpance of control well at 600 nmavelength

The results were normalisegainstRPMI11640medium for both P1 and P20.

2.6.12 Effect of L.mexicanaconcentration on theRPMI 1640medium
pH after 2- and 24-hours incubation at 37C

In order to investigateshetherparasiteconcentratiorhas any effect on the media pH which
may have impact on parasite differentiafiBd and P2@arasites a stationaryphase were
cultured inRPMI1640 supplemented with0% HIFCS(Because this medium will be used
for parasite mammalian host cell interaction experimeadst is more analogous to host
mammalian cell environmentat four different concentratiorgx 1P, 4x 10°, 6x 10°, 8x
10° per mL and incubateth 95% v/v humidity at 37C in 5% v/v CQ incubator for 2 and
24 hours pH of medium was measured after 2 and 24 hours in each concentistign

litmus paper.

2.6.13 Virulence gene regulation of P1 and P20 L.mexicana

promastigotes
The regilation of 10 virulercegenesncluding LPG1, LPG2, A2, CHAT1, CPB2, CPB2.8,
CPC, GP63, LACK(AIi, et al, 2013)and MAPK9(Bengs.et al, 2005)wereassesselly
gPCR in P20 compared with PJpromastigotesP1 and P20 were cultured at’@5in
Schneider'dDrosophila media containing 19 v/v HIFCS for three days. Astationary
phase, 40 x Hparasitesvere harvested, and total mRNA was extra¢ssimentioned in
2.8.1) then converted into cDNA and subjected to gPCR. gPCR results were normalized

usingthe housekeepig gene GAPDH and Ct values were calculated 8%
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2.6.14 Regulation of LPG1, LPG2, GP63 CPB 2, CPB 2.8 and A2
gens of P1 and P20 L.mexicana promastigotes and

amastigotes
Further experiments were conducted to determine the effeat witro passaging on
expression of 6 virulencgenesassociated with differentiation of promastigotes into
amastigotes after 2 and 24 hours of both P1 and P20 by qPCR. In addition, detdddGn of
on P1 and P20 by using Immunofluorescence staininglandcytomety usingant-LPG
monoclonal antibodiewas carried out
P1 and P2@romastigotesvere cultured at 2& in Schneider'®rosophilamedia containing
10% v/v HIFCS 20 x 1¢ P1 and P2t stationary phaseere cultured in RPMI1640
medium 10% v/v HIFCS and inbated in 95% v/v humidity at 3T in 5% v/v CQ
incubator for 2 and 24 hours in vented flask0 x 16 parasitesvere harvested from each
flask, and total RNA was excted, then converted into cDNA and subjected to gPCR by
using LPQ, LPG2 GP63CPB 2,CPB 2.8 and Aprimers. qPCR results were normalized
usingthe housekeeping gene GAPDH and Ct values were calculate®®s'2

2.6.15 Detection ofL. mexicanalLPG in P1 and P20 promastigotes

Immunofluorescence arftbw cytometrystaining were used in this study to check for the

presence of. mexicand PG on P1 and P20 promastigotes.

2.6.16 Immunofluorescence staining of LPG
In order to investigate LPG on the P1 aR@0 promastigote cell membrane, dRiG
antibody primary antibody CA7AE Mouse adtieishmania LPG (Bio-Rad) was used by
immunofluorescencandflow cytometry FITC Alexafluor goat antimouse IgG (Thermo
Fisher Scieritic) wasused as secondary antibody.
According tothe manufactureis protocol and adopted frolee,et al., (2001); andAli et
al., (2013) withaminor change by staining the parasites in the tube insteealverslipto
avoid loss of parasite during sténing and after optimisation of the primary anti body and
testing thenmby flow cytometryby using4 different concentrations (1,2, 4nd 6uL/mL).
Briefly, 8 x10° L. mexicam at statiomry phaseverewashed twice with PBS antlvided
into three tubes onéor parasites without staining, the second tube was stained with
secondary antibody only and the third one was stained with both primary and secondary
antibodiesas shown in Tabl2.7. Nonspecific binthg sites were blocked bg00 pL
blocking buffer (100 pu tween 20 + 5% BSA + 100 mL PBS) and incubated for 1 hour at
room temperature. Blocking buffer was removed by washing with PBS. 0.5 pL diluted
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(1/500) CA7AE antLPG antibody was added with5pul (1pg/mL) to the parasite except
conditioned control parasitand incubated at 4°C for overnight. Tubes were washed twice
with PBS and shakefor 3 minutes. 0.5ul secondary antobuse antibody was added into all
tubes and incubated at room temperature.-biading antibodies were removed by double
washing with PBS.Smears were prepared from each tube and visualised by EVOS

microscope fliorescence at power 40.

Table 2. 7: staining strategy of P1 and P20 promastigotes usingimunofluorescence

and flow cytometry

phenotypingstaining strategyof P1 and P20 promastigotes using Immunofluorescence and
flow cytometrywhere 2 ab control to correct for nespecific binding and unained to
correct for autofluorescence.

Tube Primary anti body Secondary anti body

1- (assay) CA7AE Mouse antLeishmanialgm Goat antimouse 1gG :FITC
2- (2 Ab control) -- Goat antimouselgG :FITC
3- (unstained control) | -- --

2.6.17 Detection of LPG byflow cytometry
0.5x 10° P1 and P20 promastigotes at stationary phase and divided into three tubes one for
parasites without staining, the second tube was stained with secondary antibahdahly
third one was stained with both pany and secondary anti bod&s shown in Tabl@.7.
Parasits werewashed with PBS and resuspended in 500 pL blocking buffer and incubated
with 0.5 pL primary anti body CA7AE Mouse ateishmania LPG (Bio-Rad) for 30
minutes at 25 °C. All tubes were washed with PBS to removébimating antibodies, then
resuspended in 500 pL blocking buffer and stained withub$econdary antibody Alexa
fluor goat antimouse IgG (Thermo Fisher Scientific) andubated in thelark at 25°C for
30 minutes. All tubes were washed 3 times with PBS to removéindimg secondary
antibodies and resuspended in 400f|okv cytometryfluid (1 x PBS containing @1% wi/v
BSA plus 0.1% NaNBandread byflow cytometry

2.7 Mammalian cell interaction with P1 and P20L. mexicana

In order to investigate the early pathological and immunological changes in immune cells
after infection withL. mexicanathe next stage in theethodologyof the current study was
designed to study the interactiontween virulent (P1) and avirulent (P2D) mexicana
infection usingwo typesof mammalian celld,. mexicanasusceptible Balb/c and resistant
C57 mice bone marrow derivesacrophagesmmunologcal changes in infected cells were

investigatedat twotimes, after2- and 24hourspostinfectionin vitro.
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Figure2.2 shows thevorkflow of the methods implemented in sta@eJnlike the methods
described in stagé where P1 and P2€haracteristicsn the absencef mammalian ced
were investigatedin this stag, the interactiomof P1 and P20 withwo different types of
mammalian cell$§C57 BMD and Balb/c BMDyvere investigated

Workflow

Infectivity of P1 and P20 L.mexicana to the BMDM
for 2 and 24 hours

l

One million BMDM infected with 20 x 10°
P1 or P20 L.mexicana promastigotes

l J |

Infectivity Cytokines Apoptosis

A. Estimation non engulfed A. Assessment of, IL-1B, A. Flow cytometry analysis
parasite by : IL-6, TNFa, TGF-B gene

1. Haemocytometer regulation by gPCR B. Assessment of Caspase 1,

2. Alamar blue Caspase 8, Caspase 9, PD-1,

B. Assessment TNF-a Bax and BCL2 apoptotic genes

B. Counting of infected concentration by ELISA regulation by gPCR
mammalian cells

Figure 2.2: Workflow of mammalian cell interaction with P1 and P2(L.mexicana
(stage?)

Infectivity of P1 and P20 in the mammalian selNas investigated at 2 and 24 hours.
Infection ratioof mammalian cell to grasitewas 1:20 Approximately, 1 million C5%and

Balb/c BMDM wereinfected with 20 millionparasitesn T25 and 2.5mLml RPMI1640
mediasupplementedvith 10% v/v HIFCS Infectivity of P1 and P20 were assessed by
counting norengulfed parasite using adraocytometer and Alamar blue. In addition, the
perentags of infected mammalian cells were also counted using ligitroscope
Cytokine gene regulation of {6, TNFU, TGFb-1bawds |l evaluated
for both mousecells. ELISA assay was also used toeasSNF-U cyt oki nes co
in the supernatants of infected cells. The viability of infected C57 and BaMI2 ®as
assessed bffow cytometry in addition the gene regulation of apoptotic genes was also

investigated using gPCR.
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2.7.1 Culturing of Balb/c and C57 mce bone marrow macrophage
To generate bone marrow derived macrophage8 week of age susceptible Balbl
(Balb/c) and resistant C57BL/6J (Camjce werepurchased from CharldRiver UK and
maintained alNottingham Trent Universitlab animal unit. Mice were sacrificed by spinal
cord displacement and soaked in 7@86ethanol byanexpertbefore being tramorted into
the tissue culturdab. All preparations of bone marrow extraction were performed under
sterile conditions usingclass Il microbiological safety cabinet in leved@htainmentissue
culture lab. Mice were subjected to removing of skin andales from hind limbs using
scalpel, forceps and scissors. Femurs and tibia bones were cracked at the middle and bone
marrows wee flushed by RPMI1640 medium usiad.0 mL syringes witha 27G needle in
a sterile petri dish. Bone marrow cells were trangférinto 50 mh sterile tube and passed
through 27G needle to separate cells from each other. Bone marrower=ntrifuged
at 400g for 5 minutes.The pellet was suspended in DC mediub® uL cells were diluted
in white blood fluid (Glacial acetic aci2 s/v, Gentian Violet 1% wi/v in Distilled water)
andcounted by Neubauer hemocytomefgsproximately 1.5 x1®Bone marrow cells were
cultured in T25 tissue culture flasks in Zr@C medium in (RPMI1640 with glutamine,
5% v/v FCS, 10 méicagtoethaad,50 U/MDPerziMin/Sireptomycin, 5
ngmL GMCSF) per flask and incubated3t°Cin 5% v/v CQ. All flasks were washed at
24 and 4" and &' day by replacing 5 in by fresh DC nedium. Figure 2.3 shows
differentiation of bone marrow macrophaigevitro which usually needs seven days. It is
seen from thigigurethat at dayl, the cells are found to be small, suspended and rounded.
During this time, the cells start to change theorphology intoa star shape and become
larger. In addition, as the daypeed, the cells adhered to the flaBk.day7, all suspended

cells were removed with tHeC media and only adhered cells were kept for infection.
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Day Balb/c C57

Figure 2. 3: Differentiation of bone marrow macrophagesin vitro for seven days

All preparatiors wereperformed under sterile conditions, mice were euthanised, their
and muscles of hind limb were removed using scalpel, forceps and scissors. Femurs ¢
bones were removed and cracked at the middle and bamewsavere flushed by RPMI
1640 medium using 10 mL syringe witra 27G needle im sterile petri dish. Bone marrov
cells were transferred ine50 mL sterile tube then, centrifuged at 400r 5 minutesThe
pellet was suspended in DC medistained withwhite blood cell count fluid and counte
by Neubauer hemocytometépproximately 2.6 x1®Bone marrow cells were cultured i
T25 tissue culture flask in a 7LDC medium (RPMI 1640 with glutamine, 5% v/v FC
10 mM h e p exacaptatbadd)50k)/ml Reillin/Streptomycin5 ng/mL GMCSF)
per flask and incubated at SC in 5% v/v CQ. All flasks were washed at", 4th and &
day by replacing 5ml by fresh D@edium. Pictures were taken usilight (EVOS life
technology microscope transmission power 40.
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2.7.2 Characterisation of Balb/c and C57 mouse bone marrow

derived macrophages (BMD M) by flow cytometry
To make sure that the adhered cells are differentiated into macrogilagephage
phenotyping was assessed by analysing the expressitite 84/80 marker usinglow
cytometryfor both Balb/c and C5BMDM. At the 7th day of macrophage differeation,
DC media wasliscardedand flasks were rinsed twice by PBS. Adhered macrophages were
detached using a tissue culture scrapdacrophages were washed with PBS by
centifugation at 30@ for 5 minutes.
Pellets were rasuspended in 1 mPBS. 10 uL ells were stained using trypan blue by
mixing of 90 |L trypan blue and 10lucells. Cells were divided into three Eppendorf tubes
2.5 x1@ cells per tube. The first tube wasised with rat anti mouse F4/80 and incubated
on ice for 30 minutes, then washed. Tubes number one and two were stained by secondary
antibody Goatarti at F ( a b 6 ) Z2incubgtds orFide ToC30 minuteSontrol tube
3 was usedvithout staifing maciophags, as shown infable 2.8 All tubes were washed
and resuspended in 50Q gheath fluid and subjected flow cytometryanalysis and the
results were analysed Ifpw cytometry(Beckman Coulter USA)low cytometryresults

were analysed by Beckman Qau Kaluza software USA (AppendB).

Table 2.8: Phenotyping staining of BMD using flow cytometry
phenotyping staining strategy of Balb/c and C57 BMDM usiog cytometrywhere 2 ab

control to correct for nospecific bindirg and unstained to correct fauto fluorescence

Tube Primary anti body Secondary anti body
1- (assay) Rat anti mous&4/80 Goat anti rat IgG:FITC
2- (2 Ab control) - Goat anti rat IgG:FITC
3- (unstained control) - --

2.7.3 Infectivity of P1 and P20L.mexicana
Infectivity of P1 and P2@vasassessetly infection oftwo types ofmammaliarhost cells
Leishmaniasusceptibldallb/c miceandLeishmaniaesistant C5thiceBMDM at two time
points 2- and 24hourspostinfection Ability of P1 and P20 to infect mammalian hosts
assessetly estimationof nonengufed parasites bysing Neubauethaemocytometeand
Alamar blueassaycompared with parasite contsatultured in the absee of mammalian

cells.
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2.8 Infection of Balb/c and C57mice BMDM with P1 and P20L.

mexicana

For optimisationof RNA extraction fromBMDM severalcell densities oBMDM were
used:200 x 10, 500 x 16, 1 x 1Gand 2 x 18and 3 x 10 per T25 flask to be used far
mexicanainfection The 2x 10° and 3 x 10 were selected for further experiments for their
optimum value of RNA concentratiomo obtain enouglioncentratiorof RNA, two flasks

of T25 were usedor each treatmenExperimens weredesigned tdet bone marrow cells
grow anddifferentiate ando infectin the same tissue culture flasks.

At the 7" day, each T25 tissue culture flask contairsggproximatelyl x 1 BMDM. T25
flasks were washed witiRPMI1640three times antheninfected with 20 x 18 of P1and
P20 L. mexicanapromastigotes ina total volume of2.5 ml RPMI1640 medium
supplemented with 10% v/v HIFCS8lon-infectedmacrophages, PPand P20_. mexicana
culture alonevereused as contrsl All flasks were incubated in 95% v/v humidity at’g7

in 5% v/v CQ incubatorfor 2 and 24 hours. Supernatants wexkected for further analysis
and cells were lysed for total RNA extraction usa@iagen kit. The quality of the extracted
RNA was assessed usiafjlano Drop®8000 Spectrophotometer. 1 ug of the extracted RNA
was tanscribed into cDNA usin@ Tetro cDNA gnthesis kit Bioline, UK), and then
subjectedto qPCR.Regulation of apoptotic genes Bax, BCL(\2ukosavicet al.]1999),
caspase IWanget al.,2012) caspase 8 (Peet al.,2005), caspase 9 (Tsujimoéd al.,
2000) and PD1 (Royet al .,2017) was investigated using gPCR.

2.9 Free nonengulfed parasites

After 2 and 24 hourghe number ohonengulfed parasites infected and parasite alone
cultureswasassesselly twomethodsmanual counting bileubauer hemocytortexr (Nano
EnTek UK) and Aamar blueassy. Free (inphagocytos@dparasites were counted and
compared with contrd?1 and P2@ultureswithout mammaliarcells 10 yL of parasites/as
diluted with 1% (90 W) paraformaldehyde and counted by Neubauer hemoegerm
Average of four chambers count was multiplied by. 10

Alamar blueassaywas also used to confirm infectivity of P1 and P2BMDM . Therefore,
after infection of macrophages for specific tisnef 2 hours or 24 hours, athediumwhich
containingtheunphagocytosed P1 and P20 parasitas collected. Imaddition the parasite
control cultured inthe absence omammalian cells were collected in centrifuge tubes and
spun at 2000g for 10 minuteBellets were theme-suspended in 300 pRPMI1640
supplemeted with 10% HFCS. Each parasiteube wasdivided into 3 wells 100 uL per

well, in aflat bottom 96 well platel0 uL Alamar bluevasadded into each well aradfter

61



incubaton for 2 hours at 2&, theplate was read at 570 and 600 nhinshould be notedchiat
to avoid the effect cRPMI1640media on P1 and P20 growth rate, stajrwas used only

for 2 hours.

2.10 Survival of P1 and P20L.mexicanain Balb/c and C57
BMDM using light microscope

To investigate the survival of parasiiasidesusceptible Balb/c a@resistaniC57 BMDM

for 7 days, 1x 10° Balb/c and C57 BMD were infected with 2@ 10° P1 and P20 and
incubated at 95% v/v humidity 87°Cin a5% v/v CQ incubator. Cells werthenexamined
without staining by taking live images usingeVOS microscope(life technology at
transmission 40 x objective after 2 hours, 24 hoGrgjays and 7 days of infection.
Qualitative data obtained by EVOS was then analgsedconverted intquantitativedata
by calculating the percentage of infected cells. In additioennumbes of parasits inside
the cells verealso counted. Moreover, the numbepafasitophorous vacu@€ePV) per cell
and the number gfarasitegper PV werealso quantifiedlt was observed that under light
microscope, engulfment of P1 but not P2swlear (see resulisctions 4.2.2,and 4.2.2.2).
Therefore, to ensurevhether P20 was engulfed and lysed or even not engulfed by
macrophagg extra experiments using two stains (CFSE and Giemsa) were carried out.
For Giemsastaining infectedmacrophges (see section®4) were stained with 6%w/v
Giemsa stain (sigma, UkKdnd visualised bgnOlympus microscope connected watNikon
Cameraat 40 x objective afte2- and 24hoursinfection

For FITC staining20 x 16 P1 and P20 promastigotasstatonarystagewere stained with
50 ng CFSE in 500 pL RPMI1640 mediusupplemented witi 0% v/v HIFCSand
incubated at 2& for 30 minutes tallow parasiteto absorb the stain. Promastigotes were
washed three times withmL PBS to removéheresidualstainfrom the medium.
Approximately 1 x10° Balb/c and C57 BMDM were infected with CFSE stained
promastigotes and incubated at 95% v/v humidi37'C in a5% v/v CQ incubator for 24
hours.After 24 hoursmediacontainingfree parasitewere removed and pé&ced by fresh
medium.Cells were examined by fluorescenicroscope EVOSlife technology.

2.11 Viability of macrophagegpostinfection

The vability of BMDM (for the infected cellsjvasassessely flow cytometryafter2 and
24 hours infection. For moreethils onBMDM infection procedure(see sction 28).
BMDM infectedwith P1, P20andthe norrinfected controweredivided into two groups.

The first goupwastreated withremowal of GMCSFto induce apoptosiwhile the second
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groupwas used as a contnlth GMCSFto investigate the effect of P1 and P20rfected

cell apoptosi{Zhanget al., 2003; Akarid et al., 2004). All flasks were incubated for 24
hours.

Macrophages (in both groups) were detached using cell ssrdpstiachedcells were
collected &ng with floating cells andwere subjected taa viability test by usingflow
cytometryanalysis For cell viability staining Annexin \(Biolegend USA) to stairarly
apoptotic cells and Propidium lodide (R$igma)for dead dellshave been useduring

early cell apoptosis phosphatidylserine (PS) which found only in inner plasma menibrane,
is translocated inttheexternal leaflet of cell membrameéAnnexin V is a protein that bisd

to PS in a calciurdependent affinitynamer therefore Annexin \fs usel for identification

of apoptotic ceB. Plis anintercalating DNA dye. It is a fluoseent dye that intercalates into
doublestranded nucleic acid. It is excluded from viable cells but can penetrate cell
membranes of dead or dying cells. Therefore, Wwidely used for evaluation of cell death
and apoptosis or for determination of DNA tamt in cell cycle analysis.

Macrophages were detached using cell scepBetached, and floating cells were
transferred into centrifuge tukeCells were spun down &00 g for Sminutes and
resuspend ednexinyV bifé BBSplus 10mM HEPES (pH4), 150mM Nacl,
5mM KCI, 5mM MgCh, 1.8mM Cadl) . Cells were washed again amduspendenh 100

eL AnWvVéxifher. 5 eL Annexin V dineubatediwthes a
dark at room temperature for 15 mirgit€ells were stained with Pl at B0L  fuleer(10

eL Pl with 1vob0fferg Einaly200elx i oo f A huffer was added and
cels were analysed yow cytometry(Beckman Coulter USAJlow cytometryresults were
analysed by Beckman Coulter Kaluza softw@igA). Cells were stained with Pl by dilution

of PI stain 1:20 by mixi n¥ bufdrant 8ddingll. P L v
diluted PI in each tube. For runnifipw cytometry,the total volume was increased by
addi ng 20 0V kuffer aAchanatysed fjow cytometry(Beckman Coulter USA).
flow cytometryresults were analysed by Beckman Coulter Kaluza software USA.

2.12 Detection of phosphatidylserine in P1 and P2Q. mexicana

promastigotes and amastigotes by AnnexiN staining

FrancaCostaet al, (2012) reportedhat phosphatidylserinis naturally expressed on the
outer membrane dfeishmanigparasits. Thereforeexpressiorwascompared irthe P1 and
P20 at stationaryphasepromastigotes coming from Z5 incubation cultureand after
incubation at 3T for 2 and 24ours.20 x 1¢ of P1 and P20Q.. mexicanaparasitesn
stationary phase iatotal volume of 2.5 mL RPMI1640 supplemented with 10% v/v HIFCS
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in vented T25 tissue culture flask®re incubateih 95% v/v humidity at 37C in 5% v/v

CO: incubator for 24 hours for amastigote differentiation. P1 and $e&fbonaryphase

promastigotes were cultured in SchneidBrssophilamedium supplemented with 10% v/v

HIFCS in unvented T25 tissue culture flagksd incubated im 25C incubator. After24

hours incubation at 3Z, both P1 and P20 parasites were visualised by EVOS microscope

to check the differentiation into amastigotes. Human U937 monocytes were used as a
negativecontrol. Cells were stained with Annexin V accordimg tt he manufacturer
guidelines, briefly, 0.5 x XOparasiteswere centrifuged at 800y for 10 minutes and

resuspended n 500 € L A nThe samestaMinglprodedur described in section

2.11 was used.

2.13 Cytokines gene regulation after infection ofmammalian cell

with P1 and P20L. mexicanapromastigotes

Pellets of infected mammalian cells from Balb/c and C57 mice (see Section 2.8) were
subjected to total RNA extraction, cDNA synthesis and then gPCR analysiS€sgen

2.18.2). Supernatants werellected and assessed for the presence of-OUNFby EL I SA.
Cytokine gene regulation of 16, TNFU, -11bL ( Wwah,2008), L1 U (voret St ebut
al.,2003) a(bdlivah& &.62009) was evaluated by using gPCR.

2.13.1.1 Enzymelinked immunosorbent assay(ELISA)
It is worthwhile to use ELISA assay to confirm qPCR results used in gene regulation of
cytokines. ELISA approaches were used to estimate the concentration of cytSkimples
were supernatantsollected from mammalian cells infected with P1 &®2D and non
infected controls for 2 and 24 hours.
The ELI SA assays were carried out fol-l owing t hi
bottomed 96well plate (Sarstedt, UK) was coated with 10 per well of coating buffer
(AIxPBS,pH7.2Z7 . 4) conktppeimbhcapgt @re antil).dhkiplates (2 ¢eg |/
were covered and incubated aC4overnight. After 2 washes with washing buffex(®BS
and 0.05% v/v Tween 20), the plates were blookgd 2 5 @ blecking buffer (1x PBS,
5% BSA) for 2 hours at room temperature. Faterewashed 3 times with washing buffer,
and 10CeL per well of the freslstandarcadded(wi t h 5 di |Lwtsupernasapts 100 ¢
samples were added in appropriate svalltriplicate. Plates were covered and incubated at
room temperature for 2 hours. Af ter 2 washes
antibodies (kg / mL) were added in all wells, then the plates were covered and incubated

for 1 hour at room tempexae Pl ates were washed twice with
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diluted streptavidird R P (Listreptavidin,10nL HRP diluent buffer (X PBS,1%BSA,

0.1% Tween)was added to all wells and the plate was incubated for 30 minutes at room
temperature, thewaste d t wi ¢ €MB ofltie Gubstrate HRP solution was added into
all wells and incubated in the dark FLor

of 1M H>SQy into all wells. Absorbance was read immediately by spectrophotoatet®d

nm. Theavelage of absorbance values was calculated of each duplicate of standard anc
triplicate of the samples. A linear standard curve was generated and the level of cytokines
for each sample was determined by extrapolatibgorbancesalues against cytokines

standad concentrations using the standard curve.

2.14 Effect of conditioned medium on P1 and P2Q. mexicana

promastigote growth and virulence genes regulation

In order to investigate whether infected mammalian cells modulate the release of growth
inhibitory factorsthat may affect P1 and P20 growth and virulence by using supernatant
produced from stage, a series of experiments have been conducted which will be
described in stag8, as discussed in this section.

As mentioned earlier in stage the supernatés were produced as follows. 180
mammalian cells (Balb/c and C57 BMDM) were culture®RiPMI1640supplemented with
10%v/v HIFCS and infected with 20 ¥0° P1 and P2@romastigotesit stationary phase.
Non-infected mammalian cells and parasites alone weed as control. All flasks were

Il ncubated at2v/i8ahd3%%/vhumidigy tor 2€ idurs.

After 24 hours supernatants were collected and centrifuged at 2000g for tetegnin
supernatants were collected and filtered through OL2Blter for sterilization and remoal

of any parasites. Supernatants were store20aC.

It should be mentioned that the conditioned media used for the experiments described ir
stage3 waspreparedby dilution of the supernatants 1:1 with freRPMI1640 medium
supplenented with 10% HIFCS. In other words, prepared condition media containsf50% o
supernatants (which was already produced from infected cells described i8)siages0%

of freshRPMI1640medium supplemented with 10% HIFCS.
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2.14.1 Workflow of Effect of condtioned media on P1 and P2Q.

mexicanapromastigote growth and virulencegene egulation
The workflow which describes the methods used in stage shown infigure 2.4 the
supernatant obtained previously fretage 2 from mammalian cell infected withdd P20
was only for 24 hours. In this stage, the effect ofctradition media on; (i) parasite growth

rate by using Haemocytometer and Alamar blue, (ii) parasite virulence gene regulation, and
(iif) abundarceof LPG, were studied.

Conditioned media derived from mammalian cells infected with P1
and P20 L.mexicana for 24 hours

__—

One million BMDM infected with 20 x 10% P1 or P20
L.mexicana promastigotes

)

One million promastigotes /mL cultured in conditioned
media

!

Parasite growth Parasite virulent genes
rate regulation by qPCR Expression of

. LPG1 LPG

A. Haemocytometer . LPG2
. GP63 * Flow cytometry

B. Alamar blue . A2 analysis
. CPB2
. CPB2.8

Figure 2.4 Workflow of the effect of conditioned mediumon P1 and P20L. mexicana
promastigote growth and virulent gene regulaibn (Stage3)
Supernatants obtained previously were used for preparation of conditioned mediu

effect of conditioned medium on the parasite growth and virulence associatedvgegie
investigated.
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2.15 Effect of conditioned medium onP1l and P20L. mexicana
promastigote growth and associated virulence genes

regulation

40 x10° P1 andP20L. mexicam promastigotes irtheir stationaryphase were cultured in
unvented tissue culture flasks contagh 4 mL corditioned medium(Derived from
mammalian cells infected with P1 or P20 for 24 hparsl incubated at 26 for 24 hours.
P1 and P20 control were cultured in fresh 4 RPMI1640supplenented with10% v/v
HIFCS.Af t er 2idcub&tionunrediadcontainingamasites wereollected angassed
through, an 18G needle todisperseclumped parasites and counted ayNeubauer
hemocytometerParasitepelletswere washed® timeswith PBS and subjecteddo mRNA
extraction, cDND synthesis and gPGRvirulence associatedenes were tested by gPCR
LPG1, LPG2, A2, CHAT1, CPB2, CPB2&hdGP63

2.16 Alamar blue assayto assess Effect of conditioned medium on

P1 and P20L. mexicanapromastigote growth

The brief method of Alamar blustaining was as folloyin sterile flat bottom 8 well plate
(Sarstedt UK), X 10°P1 or P2Gstationaryphasepromastigotes were seeded per irell00

puL conditioned medium with threalifferent concentratioa 75%, 50% and 25%.
Conditioned medium derived frogontrol 1 x 10° mammalian cedl orinfectedwith 20 x

10° P1 or P20 promastigoteBhe mntrol mediumwasRPMI1640supplemented with 10%
HIFCS without supernatant. The plate was sealed with cling film and incubated at 25°C for
48 hours. 10 plAlamar blue Biorad) was addetb each well then sealé with cling film

and wrapped with foil to protect it from light anc. @fter 2 hours plate wereread by
spectrophotometry plate reader (Claritar Europe) at 54600 nm. Theresults were
calculated according tthe manufacturer aa percentage differece betweenvells treated

and untreatewvith conditioned mediumes mentioned above section2.9.

2.17 Effect of conditioned medium onLPG expressionby P1 and

P20 promastigotedy flow cytometry

0.5 X 1¢ P1 and P20 promastigotessgationaryphase inculdad in conditioneénd control
media(as mention abovi 2.13 weredivided into thredubes one for parasites without
staining,the secondube was stained with secondary antibody only twedthird onewvas

stained with both primary and secondary antiibs.
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Parasits werewashed with PBS and resuspended in 500 pLKohgcbuffer and incubated
with 0.5 pL primary anti body CA7AE Mouse antieishmania LPG (Bio-Rag for 30
minutes at 25 °C. All tubes were washed with PBS to removébimating antibodiesthen
resuspended in 500 pL blocking buffer and stained @iflpl secondaryantibody Alexa
fluor goat antimouse 1gG (Thermo Fisher Scientifed incubated in the dark at 25f&@
30 minutes All tubes werewashed3 timeswith PBSto remove nosbinding secondary
antibodiesand resuspended in 400 filow cytometryfluid and read bylow cytometry

2.18 A brief description of the gene expressioriechnique used in

methodology for the current study

At the end of this chapter, it is worthwhile to give thades a brief description of thgene
expressioriechnique used in the methodologytlwE study. Thisncludes, RNAextraction,
cDNA synthesisand °CR

2.18.1 Preparation of target cells for RNA extraction
Preparation of cells for RNA extraction adifferent between various types of cells.
Macrophageareadherent cells anghrasitesre suspended cells addition parasitehave
the ability to quicklydisperseduring the removal of the washing buffevhich presents
challenges in RNA extraction
ForadherenBMDM the RNA extraction procedure was slightly modified according to cell
adhesion propertiethereforeto avoid dilution of lysis buffer and losing celld] medium
should be removedhree flasks of the adherent Balb/c or C57 BMDM werehed, media
drained and lysed in the flask. Macrophages were then lysed directly in the tissue culture
flask by covering all adherent cells with 350 pL lysis buffer (346.5RLT and 3.5 |L b-
mercaptoethanol) (sigma, UK). Lysates from 3 flasks where then pooledvened
centrifugedin one spin column for 30 seconds for each flask lysate to provide a sufficient
yield of RNA forreversdranscriptionFor suspension of parasite cultures, 4A0%Parasites
were washed twice with-2ml PBS at 200@ for 10 minutesParasitesvere washed for the
third ti meBSati2Q0@ fora®ndinuted, and then all PBS was removed carefully
in one pipetting action without touching the pellets withphpette tip.

2.18.2 RNA extraction by Qiagene RNeasy mini kit

Infected and control cells were subject@®NA extraction using RNeasy mini KiQiagene,
UK) according tahemanufacturer with minor changespproximately 3 x 1@macrophages
were lysed by lyis buffer (346.5 L RLT and 3.5 |L b-mercaptoethanol) (sigma, UKJells
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were vortexed and homogenised using homogenizer and Pellet Pestle (Sigma, UK) for 3(
secondslLysatewas mixed with 350 u 70% v/v ethanol (sigma, UK),ixed and transferred

into the provided RNeasy spin column. Tpescolumns were spun at 80§@or 15 seconds

at room temperature. Flethroughwasdiscarded then 350LuRW1 buffer was added and
incubated for 3 minutes at room temperature in order tovaRdIA to bind to the silica
membrane of the spin column. The R\Wiffer was removed by centrifugation of the spin
columns at 800@ for 2 minutes.

The samples were subjected to-@olumn DNase digestion using RN&see DNase
(Qiagen, UK)to remove DNA catamination. 70 i of RDD buffer and 10 u DNase were
mixed togéher and gently loaded onto the spin column silica membrane and incubated at
room temperature for 15 minutes. 330qf RW1 buffer was added; and this was centrifuged

for 1 minute at 800@ in order to remove the of RDD buffer. Spin column membrane was
washed twice by 500 u of RPE buffer. To remove carryover of RPE buffer; collection tube
and flowthrough was discarded and replaced Imgacollection tube and spun at 1100

for 1 minute. The RNA was eluted ianew sterile collection tube and loadingilBORNase

free water onto the RNeasy siligal membrane and spun at 8@pfor 1 minute. The quality

and quantity of the extracted mMRNA were assessed using Nano Drop®3000
SpectrophotometeAppendix6). 1 pg highquality RNAwas transcribed into cDNA using
Tetro cDNA synthesis kitRioline, UK) for gene expression real tim€R.

2.18.3 cDNA synthesis

1 ug of RNA was transcribed to complementary DNA (cDNBg&cause the mRNA is
unstable andeasily degradab)jeby using Tetro cDNA synthesis kiBipline, UK). The
protocol of reverse transcription (RT) of mRNA waerformed according tothe
manufacturerand thepreparation of super mix for eatifbe according to this table.

Table 2.9: Tetro cDNA protocol for super mix preparation for one sample (Bioline,
UK).

Product Name Measurement
Primer: Oligo (dTjs 1puL
10mM dNtP mix 1ul
5x RT Buffer 4 uL
Ribosafe RNase Inhibitor 1pulL
Tetro Reversdranscriptase (200u/ pL) 1pulL
DEPGtreated water To 20 pL

Each reaction was carried out on a&d under sterile conditions. The volwé 1 g of

each RNA were calculated and mixed with 8 pL of super mix containing 1 puL @ligao
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prime cDNA synthesisl e | anfM dINTPs ,x 4RE | b wfff &r lel of
Inhibitor for reducing temlate degradation and increasing PCRyeld oduct s and
Tetro Reverse Transcriptase, and the total volume was adjusted tb 20u s i rrgate® E P C
water. The tubes were mixed and incubated &Clin ablock heater for 30 minutes. The
reaction wasdrminated by incubation at &for 5 mirutes to deactivate the enzymes and

then chilled on ice. The synthesised cDN/ality and quantity wreassessed dyanodrop

8000 Spectrophotometer and the cDNA was kef@2@&€ for PCR.

2.18.4 Real time polymerase chai reaction (QPCR)

To analysehanges in gene expression of MRNA, gPCR was performed in a total volume of
12. 5¢L p ebyadi@defdllawmmg volumes:
Table 2.10: Real time PCR super mix

Reagent volume

Ss o AdvV an ceasdl SYBR&GreenSupermix | 6.75 pL
10eM Forward pri mer 0.5 puL

10e M Reprimerr 0.5 puL

cDNA template 0.5 pL (50ng/ul)
Nucleasefree water 4.25 pL

Total volume 12.5 uL

All gPCR reactions were prepared as duplicates, 11.5 pL of super mix wasimctieol
tubes and caps (Qiagen YEndmixed with 0.5uL Forward primerand0.5 L Revese
primer of assayprimers for investigationof the gene expression profile of control and
infected or treated cells ugiGAPDH as a housekeeping gene.

The gPCR wasun under standard conditions usiagorbett® RotoiGene as follows: a
holding temperature for initial denaturation iS@%or 10 minutes; followed by 40 cycles at
95°C for 30 seconsleach. Annealing step for 30 secemdth melting temperatre for each
primer as inTable 4, 5, and 6. Extension step atC7for 20 seconds. Ramp temperature
between melting temperature for each primer an@ 9&s used for melting curves rising
by 1 with waiting for 5 minutedAfter calculatng themean of duptate esuls.

gRT-PCR data were analysdoy using comparative threshold method (Ct). Ct values of
genes of interest were compared with the Ct values of housekeeping (G&fBH).
Relative expression was calculated ##2 for each gene of intere@Raoet al.,2013).
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2.19 Method development

Techniques were developed in this present study to optimise the studylofmiracana
parasite, with regard to gene expression, surface proteins and the viability of the parasite

after caincubation with host cellconditioned media and growth conditions.

2.19.1 RNA extraction
In order to extract high concentration of RNA from the cell cultures differentiation,
infection and lysing of BMDM was done by lysing cells fronsiagle flask, in addition
lysates from 2 or 3 tissue flasks were pooled and spun in a single spin column during RNA

extraction.

2.19.2 LPG staining with CA7AE
It has been reported before that &rfiG monoclonal anthodies CA7AE) bind specifically

to epitops of the LPG mdecule by using ELISA and immunofluorescerf@elsonet al.,
1990, Sundaet al.,2001)Howeverat the time ofwvriting there is no studwhich examined
this antibody by usinfjow cytometry staining of the parasites with CA7AE primary Ab for
flow cytomety analysis. According tthe manufactureis protocol and adopted from Bee,
et al.,(2001); and Aliet al.,(2013) with aminor changéoy staining the parasites in the tube
instead of theoveslip avoidsloss of the parasite during staining and washindin@gation

of the primary antibody by using different concentrations (4 2ug, 44g, and 1 g per
mL). According to the results, fimL wasthe choice for stainingUsing flow cytometry
over ELISAIn this present study was done principally asstaedad recombinant protein
required for ELISA was difficult to source amehscostly. By using a negative control in
the flow cytometry alongside the evidence from previous studiésit tICA7AE binds
specifically toL.mexicanaLPG protein, specific and selectigéining of parasite LPG is

assumed.

2.19.3 Alamar blue optimisation
Alamar bluewas used to test the effect of conditioned medium on P1 and P20 parasite
viability. Alamarblue containsresazurin dye which ia nontoxic weakly fluorescent blue
indicator(O 6 Bn etal., 2000) This assay measures the reductiaidation which is a
indicator for colorimetric changes in cells asesult ofreduction of cellular metabolism
subsequently, the amount of fluoresoeproduced by the cells is proportional to the fem
of living cells. However, the sensitivity oflamar blueLeishmaniaparasite viability has

been tested before and it was not toxic to the paradikei$ andSteverding2000).
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Alamar blueis used in cell proliferation cytotoxicity, viability and toxi by using
absorbane or fluorescence for measuring cell respiration and oxidatiduction as an
indicator for cytotoxicity and proliferation ofeishmaniaparasite. The absorbance
increased with higher density of celising10% Alamar blue which ia nontoxic stain for
Leishmania mexican@Mikus and Steverding, 200@or optimisation oAlamar blue assay
different concentrations of the parasite and a range itioaltames withAlamar blue stain
was used. In 96 well plagel0 x 1P L. mexicanapromastigote in 100 uL RPMI1640
supplemented with 10% HIFCS were seeded and titrated down in serial ¢lilu@oh0 pL
Alamarblue was added into each well. Platesre wrapped with cling film and foil to
protect from @ and light, then incubated at ‘Z5for 2, 4, 6, 24, and 72 hours. Plateere
then read at 570 nm and 600 nm after each time pbintubation(Appendix3).

The optimisation study shaea that 10% Alamar blue was ndaxic for L.mexicana
confirming results reported by Mikus and Steverd{@§00).The optimum incubation time

is between 2and 4 hoursvith a parasiteconcentration between 10 to 0.3 X/1000pL

2.19.4 Parasitesconcentration and pH.
Using 8 x 16/ mL concentration of promastigotes is enough to reduce the pH of infection
media fran 7 to 6 tanduceparasite differentiation into amastigotes. In addition, it is useful
to evaluate the parasite virulence and infecttage of parasite culture through testing their

ability to differentiate into amastigotes (see secti@w3.

2.20 Statistical analysis

Data are depicted as mean values + standard error of mean (SiBNl\GraphPad Prism 7.
Statistical significance of theath was analysed using unpaired studentestt with

GraphPad Prism software 7.
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Chapter 3

Virulent P1 and avirulent P20
L. mexicanapromastigote growth and

characterisation
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3.1 Introduction

Leishmanigparasites have a complex lifecycle with several developmental formse Thes
forms represent the adaptation of the parasite to changes in the environmental conditions, as
the parasite lives in twdifferent hosts, mammalian host cells, and the dndector.
During the transition through these two different environments, tresipais exposed to
many environmental conditions such as temperature, pH, oxygen and nubnembstion

at37 °C, low pH (lower than 7), and elevated gi@dduce the promastigote to differentiate
into theamastigote form in order to adapt to these tants (Baraket al.,2005; Reithinger,

et. al, 2007).

Several studies have already reported that-tenm @pproximately 12 monthsh vitro
cultivation of Leishmaniaparasite species causestaal loss of the virulence othe
promastigote populatiorGfimm et al, 1991; Segoviat al, 1992).Moreiraet al, (2012)
demonstratedhat 21 passagesre enough to losd.. infantumyvirulence. Similarly, L.
mexicandost virulence after 20 passagewitro and failed to induce lesions in Balb/c mice

in vivo (Ali et al, 2013) The effect of 20 passages brmexicanamorphology has been
investigated beforby comparing virulent and avirulent promastigote morphology €Ali

al., 2013). In additiorestimatioro f physi cal measur emeangthof the pa
body length anavidth bycalibrated micrometre slide (Adit al., 2013) or by usin@pen lab
software from Improvision (Heidelberg, Germany) on Apple Macintosh computer has been
used to investiga changes irmorphology (Bengset al, 2005). In thispresentstudy,
additional comparable software has been used (NI vision assistant software).

The promastigoteat the metacyclistages are the infectigageas this is the stage where
promastigotes can differentiate into amastigot€sllfach and Laskay2000). The
metacyclic stag®f the promastigotés determined by its physical measurements, body
length should be less or equal to 8 um, body width lessuad éofl um, and flagellum length
longer than body length (Rogees$ al, 2002). ew studies havdocused on thegparasite
metacyclogenesiand its relation to attenuation of tharasite Investigation of P1 and P20
morphology may leatb explanationsf the reasongor losing virulence.

In recent years various methods have been used for the ictiifi of surface proteins
expressed by thkeeishmanigparasite cell membrane under specific conditions at different
growth stages. Parasite proteomissthe most promising approach for analysing the
complexity of Leishmaniavirulence. LipophosphoglycarLPG) is one of most studied
molecules ot.eishmaniaspecies as it regulates host cell signalling pathways and it is most
the abundantnoleculeon promastigotes and amastigotes (Oliveeral, 2005; Aguirre-
Garciaet al, 2018) However, although LPG is or&ulence factor expressedn the

Leishmaniaparasites, such as. major, its role is still controversial irn.. mexicana.
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Phosphatidylserine & isanother molecule that isxpressean Leishmanigparasites and

plays an important role insuppressiorof the host immune responsBS is naturally
expressed on the outer membraneLefshmaniaparasite and it is associated with the
increase oparasite metacyclic stage infectivityr{pathi and Guptat al, 2003; Franca
Costaet al, 2012).Leishmanigparasie external membranes contain relatively high levels

of phosphatidylserine which may provide a mechanism for a silent entry to the hosgiecel
apoptotic cell receptors without activating the immune system or proinflammatory responses
(Wanderleyet al, 2006). Increasing P®&xpression haan important role as a mechanism for
parasite survival within host macrophages (Balb/c and C57) ardisgemination and
diseaseoutcome ands associted with more severe cases and persistent disease state
(FrancaCostaet al, 2012).

This chapter explains the results of P1 and P20 characterisation when parasites are grown
the absence of a mammalian host icellitro. The data presented in this chapter relate to the
results obtained from stade(section ). The man aim of this dapter is to study the effect

of longtermin vitro passaging ot. mexicanan vitro on growth rate, morphology, the
ability to differentiate into amastigad@nd virulence gene regulation. For this purpose, a
fresh parasite isolated froBalb/c lesions as cultured for 20 passagesvitro. The effect

of 20 passagesasinvestigated by comparing the parasite atititeal passag¢P1) and 20
passages (P20This comparison includes the effect of culture conditions such as;
temperature, pHpresence/absea of oxygen and the type of media, as Schnéider
Drosophilais a standard growth medium for the parasite and RPMI1640 a media used for
the analysis of parasite mammalian cells interaction. The effect of oxygen on parasite growtt
was also nvestigated asrdinarily the parasite lives under anaerobic conditions, while
infection of mammalian cells is carried out in an aerobic environment. Also, the effect of
temperature on P1 and P20 were explored because parasite optimum incubation temperatu
is 25C andinfection of mammalian cells is carried out at 7. In addition, the effect of
parasite concentration on media pH was also studied. All these factors were investigatec
prior to testing parasimammalian cell interaction. Understanding thddferences aad

be helpful in designing parasitemammalian cells interaction model.
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32 Resuls

3.2.1 Characterisation of P1 and P2(.. mexicana

3.2.1.1 Effect of culture conditions on P1 and P2Q. mexicanagrowth rate
L. mexicangparasites isolated from frestaB/c lesions were subjected to 20 passages
vitro culture. Leishmaniaparasite growth characteristi¢s vitro were investigated at
passages 1 and 20 at stationaryphase. To assess the effect of media type, oxygen and
temperature, one million P1 a0 promastigotes at stationary phase were cultured in 5
mL growth medium( S ¢ h n eDrosophila@ared RPMI1640)n vented and unvented T25
flasks under incubationat 25C and 37C. The parasites were counted bieubauer
hemocytometer after 48 hours of utb@ation and contimus counting was carried oexery
2 days until dayl8 figure 3.1 andigure 3.2).
No growth of P1 and P20 promastigotes was observed un®€ Bicubation irrespective
to the media typand aerobic condition, while increase in growmths detected at 25
incubation.Therewas no significantlifference between thgrowth rate of P1 and P20 in
S ¢ h n e Drdsephifagnder aerobic conditio(figure 3.1A). The optimal conditions for
Pland R0 wer e o0bser vPrdsophilaund® aterabic doaditions?20
reached anaximumgrowth peak faster (~60 x 98t 3 days) compared to P1 (~100 £ 40
5 days) moreover their growth rate also decreased fagteyure 3.1 B).An interesting
feature infigure 3.1 (B) is that at about d&; the parasite concentration of both P1 and P2
is approximately45 x 1°/mL (as can be seen by the crossing point between P1 and P20).
This indicates that the infective stage of both P1 and P2Giarilar which is known as
stationary phase (i.e. when tharasite reaches 20 x®16r higher per mL). More precisely,
both P1 and P20 promastigotemchstationaryphase approximately at d@yof culture
which will subsequently be used for infectiohtbe mammaliarcells in this study.
In figure3.1 (C) usindRPMI1640 media supplemented with 10% HIFCS P1 but not P20 are
able to grow significantly under aerobic condition. It is worth remembering that this
condition (i.e RPMI1640with Oy) will be used for mammalian cell infection of both P1 and
P20. The growth ate inRPMI1640media without Q (figure 3.1 D) was not sufficient for
both P1 and P20.
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Figure 3.1:P1 and P20 gowth curve cultured in RPMI 16400 r

medium under aerobic and anaerobic conditionst 25C

One million P1 and P20 were cultured in R ®MPMl andS c h n e i

der 6s

S ¢ h nDeosoghdlear

D

containing 10% v/v HIFCSn vented and unvented flaskscubated at 25°C. Parasites we
counted by Neubauer hemocytomedfter 48 hours of incubation. Data was analysed
using GraphPad Prism 7. Statistically significant differences between each repre
by*p<0.05**p<0.001. ***p<0.0001, P value was datnined by unpairedtest. The results
are the average of threedgpendent experiments and the error bars represstaingdard

error of mean.
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Figure 3.2. Gr owt h curve of P1 and P20 cult

Drosaphila medium under aerobic and anaerobic conditions at 3T

One million P1 and P20 stationary phase promastigotes cultured under different con
to assess the effect of media type (St
in the volume of5 mL (0.2 X 10 per mL). Parasites were counted by Neuba
hemocytometer after 48 hours of incubation. The data were analysed by using Gr:
Prism 7.
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To confirm the effect of the RPMI1640 medium on the growth of P20 compared with P1,
Alamar blue assay was used and the resudtstaown irfigure 3.3., it should be mentioned
that the RPM1640media was used as a control wile h n e Drdsephiamedium was

used as growthtest condition for P1 and P20 and the results were normalised tolRRPO/I

media. It is clear from thisgurethat thegrowth of P20 was much greater than the control

RPMI1640medium, approximately 3 times greater than th&PMI1640 medium. P1 does

not show a significant difference between these two nsd&acC.
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Figure 3.3: Ef f ect of RP MI \Deosophiasnediim bomRL iand B20
L.mexicanagrowth rate using Alamar blue assay

Onemillion P1 and P20 in stationary phase were seeded in 96 well plates, ih £0lume,
usi ng RPMI ®rosositahOdoeHiFES Pladtes were covered and incubate
25Cfor 2 or 3 days. Allvells were then stained with 1@ JAlamar blue wrapped h foil
for light protection. Thepercentage of parasites were calculated as recommended |
manufacturer and the results were normalised to control R&¥dmedium.The data were
analysed by usig GraphPad Prism 7. Statistically significant differermetsveenpairs of
groups represented by*p<0.05, ***p<0.0001, the P value was determined by ungasec
The results are the average of three independent experiments and the error bars #ej
standard error of mean.

3.2.2 Morphology of P1and P20L. mexicana
This experiment investigated the morphology of P1 and P20 parasites in the stationary phase
cul tured i nDrosSphila raredi incebatéds anaerobically at ‘@5 (See the
methodology, section @).
Morphology was assessed by using a light microscope wittaining, immunofluorescent
FITC staining and Giemsa staining, electronic and atomic force microscopessoerged.
By comparing morphology of P1 and P20, it was clear that the bodies of G@@gtigotes
were larger than PIigure3.4, 3.5, 3.6, 3,7and 3.8). The difference between the body sizes
of P1 and P20 was confirmed by physical measurement of the body length and width. The

results showed that P20 width and length were significarglyenithan that of P1. Regarding
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the length of the flagelha, the results clearly showed that there was no signiftiiatence

between P1 and P2fidure3.9).
U : “ Y
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Figure 3.4 Morphology of P1 and P20L.mexicanapromastigotes under the light microscope.
P1 and P2Q..mexicamc ul t ured i n Schneidero6s Dr osop®h

promastigote/ 1h for 3 days. 2 rh from each fask was collected and centrifuged at 2pfor 10
minutes and resuspended in 301%6 paraformaldehyde. Wet slides were prepared and texwith
a cover slip and sealed by nail polish. Pictures were visualised by EVOS life technology micr
(40 X) transmitted light.

P1

Figure 3. 5 Morphology of P1 and P20L.mexicanapromastigotes stained with CFSE.

P1 and P2@.mexicanec ul t ur ed i n Schnei der &werebantdfsgedm
200 g for 10 min and resuspendedi®u@ RPMI 1640 10% HIFCS and st&d with 10 ng CFSE
and incubated for 30 minutes at@5The parasites were washed 3 times with PBS and resusp
in 50 uL 1% paraformaldehyde. Wet slides werepared and fixed with a cover slip by nail polis
Pictures were visualised by EVOS life technology microscope (40 X) GFP (Hgbt22 nm
Excitation; 510/42 nm Emission)

L 10pum

Figure 3.4: Morphology of P1 and P20L.mexicanapromastigotes stained with Giemsa

P1 and P2Q. mexicamc ul t ur e d i Drosophildmediuimd2e x 18veere spun down at
200g for 10 min.direct smears were prepared. After drying at room temperature, slides were
fixed with 100% methanol. Slides were stained with Giemsa modified stain and visualised by
light microscope (Olympus) with dginmersion (100 X) angictures were takeby euromax
camera. 29



Figure 3.5: Morphology of P1 and P20L.mexicanapromastigotes under the Atomic Force
microscopy.

P1 and P2Q.mexicamc ul t ur e d i Drosophildmediumd26 x Mwere spun dan at

200g for 10 min. direct smears were prepared. After drying at room temperature, slides wer
with 100% methanol. Pictures were taken by AFM (Atomic Force microscopy). The P20 boc
are larger than Pland the scale ba&9igum.

ipm JEOL 23/08/2017
10.0KkV SEX SEM WD 4.lmm  15:48:57

10.0KkV SEX

Figure 3.6: Morphology of P1 and P20L.mexicanaunder the Electronic microscope
P1 and P2@.mexicamc ul t ured i n Schnei @@x 1§ sver®spun
down at 200g for 10 minDirect smears were prepareifter drying at room temperature
slides were fixed with 100% methanol. Slides were covered by 10 pnmuginld Quorum
(Q150R ES) with 19.32g/inPictures were taken by the Electron microscope. The P20
is larger than P1.

80



The morphology of P1 and P20 promastigotes was investigated by using a light microscope
(figure 3.4), CFSE staining figure 3.5), Giemsa stainingfigure 3.6), atomic force
microscopefigure 3.7) and an electron microscogg(re 3.8). The results show that P20
promastigotes were larger thBft wherd?1 average length is 8 um and P20 is 13 figu(e
3.9 B). The shape of P20 was roundelhngated antboked more consistent than P1 while,
P1 was spindle shape with tharrowend as demonstrated by AFM and Giemsa stain.
Results from microscopy showed that the P20 appear larger than P1. This has beel
confirmed by taking measurements; length and width optmasites which are shown below
(figure3.9).

3.2.3 Physical measurements of P1 and P20 promastigotes
The graphsbelow (figure 3.9) illustrate the physical measurements of P1 and P20
promastigote. Regarding thength of the flagellumthe results clearly show thitere was
no significant difference between P1 and P2§u¢e 3.9A). Interestinglythe length and
width of P20 aresignificantly higher thaP1 figure 3.9 A). More precisely, P20 is larger
than P1 mnificantly (p<0.0001) Because of P20 having a longer body length than P1, its
flagellum to body length ratio was lower. The flagellum body ratio in P20 is approximately
1:1.5 compared with P1 1:1.
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Figure 3.7: Cell size measurement of P1 and P2Q mexicanapromastigotes

P1 and P20 were cultured at@5n Schneided Brosophilamedium containing 10% v/v HIFC
for three days. Pictures were taken using EVOS life technology microscopsutdment of
parasites was taken using NI vision assistant software. The measurement was converted fr
to um (Lum=4.72 pixel) according to scale given by EVOS microscope picture. Flagellum
ratio was calculated by dividing average flagellumgléa by average body length of 3(
promastigotes. The data were analysed by using GraphPad Prism 7. Statistically sig
differences betweepairs ofgroups was represented by***p<0.0001. P value was determine
unpaired ttest. The results are aage of three independent experiments and the error
represent standard error of mean.
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The physical measurements of P1 &P20 promastigote were used to calculate the
metacyclic stage using two different methods. Method, A, P1 has 21% of metacyclic
promastigotes. While method B shotist P1 has 28% metacyclic promastigofégu(e

3.10 A). Interestingly, both methods showmetacyclic stage in P20.

>

B
40- —
2 30.
201

2 104

metacyclic promastigotes (%)
3
metacyclic promastigotes (%)

) o )
TN Qq, ] Qq,

Promastigote Promastigote

Figure 3. 8: Percentage of metacyclic promastigotes of P1 and PROmexicana

P1 and P20 were cultured at’'@5 i n S c Drosgphild enedia £ontaining 10% VA
HIFCS for three days. Pictures were taken using EVOS life technology micros
Measurement of parasites was estimated using NI vision assistant software. The meas
was converted from pixel into um (1um=4.72pixel) aclog to scale given by EVOS
microscope pictureMetacyclic stage of P1 and P20 wealculated by two methods. (A
calculation of flagellum: body ratio. Metacyclic promastigotes when the ratio is 2 or

(metacyclic forms promastigotes 02). The percentage of metacyclic w.

calcul at ed. (B) by multiplying ofum?Blodyy
width um) if its less or equal to 12 it is counted as metacyclic and ttiepercentage o
metacytic promastigotes were calculated in 100 parasites.

The data were analysed by using GraphPad Prism 7. Statistically significant diffe
betweerpairs ofgroups represented by***p<0.0001, The P value was determined by ung
t-test. The results ardhé average of three independent experiments and the error
represent standard error of mean.
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3.2.4 Differentiation of P1 and P20L. mexicanainto amastigotes.
P1 but not P2Q. mexicangpromastigotegan differentiate following aemperature shift
from 25C into 37C into nonflagellated round form amastigotefigire 3.11). This
differentiation was accompanied Bynumber of morphological changes, such as cell size
reduction, and modulation of gene expression of LPG1, LPG2, GIHB2, CPB2.8 and

A2. Charges insurfacelLPG expression arealso observed.

2 hours

24 hours

Figure 3. 9: Differentiation of P1 and P20L. mexicanainto amastigotes in absencef
mammalian cells

20 x 1C¢ of P1 and P2Q.. mexicanapromastigotes were cultured in 2.5 mL RPMI 16
medium(10% v/v HIFCS in vented T25 flasks. P1 and P20 parasites were incubated in
v/v humidity at 37°C in 5% v/v CQincubator for 2 and 24 hours. A.rfrom each flak was
collected and centrifuged at 2pOfor 10 min and resuspended in 5@ pof 1%
paraformaldehyde. Wet slides were prepared and mounted with a cover slip and sealet
polish. Pictures were visualised by EVOS life technology 0 transmitted light
microscopeThe white arrows indicateromastigoteand blue arrows indicate amastigotes.

Therefore, the number of promastigotes in both P1 and P20 decreasedcafiation at
37C for 24 hours asletermined byNeubauememocytometecounting. The number of
promastigotes d?1 but not P20 declined after 2 hours of incuba#ar24 hours the number

P1 promastigotes are significantly lower than Hifute3.12).
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Figure 3. 10: Effect of incubation of P1 and P20 promastigotes in RPMI 1640 at 3¢

8 x 1¢° /mL P1 and P2Q.. mexicangromastigotes at stationary phase were cultured in RPMI .
medium (10% v/v HIFCS) in vented T25 flasks. P1 and P20 pasasiee incubated im 9%% v/v
humidity at 37°C in 5% v/v CQincubator. Promastigote parasitenmber before incubation was ust
as a control. Numbeiof promastigotes arecounted after 2 and 24 hours of incubation usiegbauer
hemocytomater. The data were analysed by GraphPad Prism 7. Statistically significant differ
between each group repemted by**p<0.001, ***p<0.0001 **p<0.00001, and P value wa
determined by unpairedtést. The results are average of three independent experiments and tt
bars represent standard error of mean.

By counting the number promastigetdter incubation usinleubauehemocytometerthe
results showhat after 2 hours the number of P1 but not P20 promastigdtddtaeased
significantly compared to the control. Although, both P1 and P20 decreased significantly
after 24hour incubation, Pwassignificantly lower than P20.

3.2.5 Effect of temperature oxygen medium type, and incubation
time on the ability of P1 and P20L.mexicanato differentiate

into amastigotes.
In order to examine the ability of P1 and R26mastigoteto differentiate inb amastigotes,
the effect of 2and 24hour incubation at 3C campared with 25 on the differentiation of
P1 and P20 promastigotes into amastigotes was investigated by counting the percentage of
amastigotes at each incubation time point using EVOS life technology microscope
transmission power 40 where roundeatasite without flagelum counted as amastigotes
and elongatedneswith flagellum counted as promastigotes.
The results show that there was no significant difference in the ability of P1 and P20
L.mexicando differentiate from promastigote into amastigotesmtidtured at 2% either
in RPMI16400 r S ¢ h Dresophiawith @ without Q at the three different time points
2, 24 and 48 hourdigure 3.13 and 3.14). However, when the temperature shifted @ 37

differentiationwas observed at 24 and 48 but Adbours.Interestingly the percentage of
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amastigotes in P1 reached approximately 80% while in P20 is 10% without the effect of
media type and ©
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Figure 3. 11 Differentiation of P1 and P20L. mexicanapromastigotes into amastigotes
after 2, 24- and 48hours incubation at 25 and 37°C with or without Q

8 x 10°/mL P1 and P2Q.. mexicangromastigotes at stationary phase were cultured in R
1640 and Brosognilamediwn(®% v/ivHIFCS). P1and P20 were culturedinted

or unvented T25 tissue culture flasks and incubated @ttt 95% v/v humidity at 3C in 5%

viv CQ; incubator for 2, 24, and 48 hours. Amastigotes and promastigotes were count
microscopicfield and, percentage of amastigotes was calculdted pictures were taken usir
EVOS life technology microscopgeansmission power 40 at 3 different time points. Amastigc
and promastigotes were counted per microscéipld and, percentage of amastigotes wi
calculatedfor100 parasitesThe data wee analysed by using GraphPad Prism 7. Statistic
significantdifferences between each represented by ***p<0.0001, ****p<0.00001. The P
was determined by unpairedest. The results are average of three independent experimen
the error barsepresent + standard error of mean.

Leishmaniaparasites were exposed to two different conditions that differ signifycan
between insect vector and mammalian host in temperature, pH and nutrients. The effect o
RPMI1640 ands ¢ h n e Drdsephitamedig temperature and oxygen on the ability of P1
and P20 promastigotes to differentiate into amastigotes was investig8tettabation time
points.The results clearlghow that both P1 and PRGnexicanavere unable to differentiate

into amastigotes when cultured at@%fter 2, 24 and 48 hourBgure 3.13 A, B and C).

When P1 and P2@ere incubated at 3C, the results ghw that after 2 hours there was also

no significant difference. After 24 and 48 hours, the results show a significant difference in

both P1 and P20 without being affecteddxygen or type of medidigure3.13 D, E and
F).
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3.2.6 Effect of pH on the ability of P1 and P20 L.mexicana

promastigotes to differentiate into amastigotes.
In order to examine the ability of P2@omastigoteso differentiate into amastigote under
the idealconditions (5.5 pH and 3%C), the effect of pH on the ability of P1 and P20
promastigotes to differentiates into amastigotesas investigated, like theprevious
experiment was designed but wghl 5.5 medium.
20 x 16 P1 or P20.. mexicangromastigotesvere cultured in media of 5@H. RPMI1640
and Sc hDresopkilemeditsn (10%v/v HIFCS) in ventedand unvented T25 tissue
culture flasks and incubated at@%nd 95% v/v humidity at 3T in 5% v/v CQ incubator
for 2, 24, and 48 hour$he culturevasexamined under microscope and pictures were taken
using EVOS life technology microscope transmissipower 40. Amastigotes and
promastigotes were counted peicroscopic field and the percentagd amastigotes were

calculated.
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Figure 3.12 Differentiation of p1 and p20L. mexicanapromastigotes to amastigotes after
2,24and48hour sd incubation TCandp/@. 5.5 medium at 25
20 x 16 P1 and P2Q.. mexicanapromastigotes were cultured in 2.5 mL RPMI 1620
S ¢ h n e i Ddosaptélasmedium 10% v/iv HIFCS and pH was adjusted.5 in vented or
unvented T25 tissue culture flasks. P1 and P20 parasites were incubated datferemtc
temperatures, in25C incubator and 95% v/v humidity at 87in 5% v/v CQ incubator.

The pictures were taken using EVOS life technology microscope transmission power ¢
different time points. Amastigotes and promastigotes were counted per microscopic file
percenage of amastigotes were calculated in 100 parasites.

The data were analysed by using GraphPad Prism 7. Statistically significant differences k
each grourerepresented by *p<0.05, **p<0.001, **p<0.00001. P value was determine
unpaired {test The results are average of three independent expdsnaad the error bar
represent standard error of mean.

There was no significant observable differentiation of P1 and P20 promastigotes into

amastigotes when cultured at' @5or 2 or 24 hours. However, there waslight increase
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in P1 differentiation into amastigote at 48 hours incubation ilRPMI1640 but not

S ¢ h n e Drdsephiamedium either with or without £and pH5.5 When P1 butnot
P20 promastigotes were incubated atC3P1differentiated intothe amastigote format
lower pH medium earlier than normal medium and, the ability of P1 to differentiate into
amastigots wasssignificantly higher than P20 when cultured in eitRé&tMI1640with or
withoutGand i n Shrdsopkilanteéiumorghout @and pH5.5.

The results show that the ability of P1 promastigote to differentiate into amastigase
increased with incubation time, with a sharp increase after 24 hours aithemal pH
(figure 3.13 E) orin acidic medium(figure 3.14 E).The ability of P1 promastigotes to
differentiate into amastigatenvas significantly higher than that of P2mder alltested
conditions, whether they were cultured at26r 37C in eitherRPMI1640with or without
O20r i n S Otosoghilachediurd without @ and pH 5.5. It is noteworthy that the
S ¢ h n e Drdsephiamedium pH is 6.5 to 6.&hile, pH of RPMI1640medium is 6.8 to
7. From the results of these expegims it is evident that the main factor in the ability of
parasites to differentiate into amastig®is temperature.

3.2.7 The ability of P1 and P20L. mexicanato differentiate into

amastigotes
Another interesting phenomenon reported in this sisithatthe ability of P1 to differentiate
into a round form amastigote is significantly higher in P1 than P20 in all experimental
conditions.The effect ofRPMI1640and Schneider media atpéd of 5.5, temperature and
oxygen on the ability of P1 and P20 to difigrates into amastigotewas investigatedt 3-
time points figure3.13 and 3.14).

3.2.7.1 Effect of pH 5.5 and 25C temperature on ability of P1 and P20L.
mexicanato differentiate into amastigotes
After decreasing media pH to 5.5 the results show that Weseo significant difference in
the ability of P1 and P20 to differentiate into amastigotes whenvikesy cultured at 28
at 2 and 24 hours of incubation. After 48 hours incubatioRRMI1640medium but not
S ¢ h n e iDbsophdaseither with or without @ there was a slight increase in the
percentage of amastigste P1 but not P20figure3.14 F).

3.2.7.2 Effect of pH 5.5 and37C temperature onability of L. mexicanaP1 and
P20 to differentiateinto amastigotes
After 2 hours incubation at 37, the percentagef amastigotes of P1 but not P20 increased

significantly in RPMI1640medium either with or without £ | n S cDrosaphila e r 6
87



medium, the percentage of amastigat@s higher in P1 than P20 when incubated without
oxygen. After 24 and & hours, the percgéage of P1 amastigote increased rapidly and
reached approximately 100% under all the experiaieonditions.

L. mexicandost the ability to differentiate into amastigsteter 20 passages and the main
factor thataffects differentiaibn in P1 is tempmture rather than pH. The presence or absent

of O> did not affect the differentiation except the absence of oxygen showed a slight increase
inS ¢ h n e Drdsephitarsedium after zhour incubation a37°C (figure3.14 D).

3.2.7.3  Effect of incubation time on ability of P1 and P20L. mexicanato
differentiate into amastigotes
There was an effect of incubation time on the differentiation of promastgyoi®
amastigoteas after 24 hours the percentage of amastigotes in P1 sharply iddcesesech
between 80%rad 100%. Therefore, the differentiation of promastigatéo amastigote
requires at least 24 hours of incubation a€3figure3.13 E and 3.14 E).
3.2.74  Effect of type of medium on theability of P1 and P20L. mexicanato
differentiate into amastigotes
The aility of Leishmaniao differentiate into amastigatés higher inRPMI16401640 than
S ¢ h n e Drdsephitaenly when parasigewereincubated a87 °C for 2 hoursatpH 5.5.

3.2.8 Effect of parasite concentrations on theRPMI1640 medium
pH after 2- and 24-hours incubation at 37°C

Table 3.1: Effect of parasite concentration on the RPMI medium pH after 2 and 24

hour s6 i n 879hwithout mammalitin cells
Parasite
Incubation time | concentration pH of P1 | pH of P20

2x10° /mL 7 7
4x10° /mL 7 7

2 hours
6x 10° /mL 7 7
8x 10°/ mL 7 7
2x10°%/mL 7 7
4x10° /mL 7 7

24 hours
6x 10° /mL 7 7
8x10°/ mL 6 6

In T25 P1 and P2D. mexicangromastigotes were incubatedRRPMI1640medium 10% v/v HIFCS
at four different concentrations 2 10°, 4x 10° ,6 x 1C° and 8 x1(® /mL and incubated at 95% v/v
humidity at 37C ina5% v/v CQ incubator. pH of the media was measured aften? 24hours
incubation.
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The concentration of parasstenay affectthe pH of the radia which may reflect on the
differentiation of parasites into amastigot&sierefore, this experiment was designed to
study effect of pH at four different concentrations of the parasite in RPMI1640 media
supplemented with 10% v/v HIFCSitinus paper wassed in order to estimate the pH of
the medium. This medium wibbe also usedor parasitemammalian host cell interaction
experiments.The results show that after 2 hours incubation, the pH ofRih&II1640
medium did not change for both Bfhd P20 parass at all concentrationsested After 24
hours, the pH decreased to 6 in both P1 and P20 with a concentraor D€/ mL.
Therefore, this concentration which has been used in these experiments may qifér the

that may helparasits to differentiatento amastigotes.

3.2.9 Effect of parasite concentration on theRPMI1640 medium pH
after 2- and 24-hours incubation at 37°C when incubated with

mammalian cells

Table 3.2: Effect of parasites concentration on th&RPMI11640 medium pH after 2- and
24-h 0 u rneubation at 37C with mammalian cells

Incubation time | L. mexicana | pH

P1control

P20control
P1/ Balb/c
P20/ Balblc
P1/C57
P20/ C57

2 hours

P1control

P20control
P1 Balb/c
P20/ Balb/c
P1/C57
P20/ C57

24 hours

O O O O O O N| N| N N| N N

1 x 1C Balb/c and C57 macrophages infected with 180 and P20 at concentration 8 1L
in RPMI1640 medium 10% v/v HIFCS. Parasites alone without mammalian cells were use
control. All flasks were incubated ahd 95% v/v humidity a87°Cin 5% v/v CQ incubator. pH of
the media was measured aftea®d 24hours incubation. The salts clearly showed that using 8
1P /mL parasite concentration lead tdecreas¢éhe medium pH from 7 into 6 either with or tvtut
mammalian macrophages.
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Another experiment was designed to examineefifect of parasite concentration withr

without Balb/c and C5BMDM after 2 and 24hours incubation at 95% v/v humidity at

37C in 5% v/v CQincubator. In T 25 vented flks, 8 x16 /mL P1 and P20 promastites

were seeded in RPMI1640 medium 10% v/v HIFCS with and without 8 ma@hmalian
macrophages.

The pH ofRPMI1640medium did not change when P1 and P20 at a concentration of 8 x10
/mL were incubated for 2 hours. Similg when the same number of P1 and P20 pasasite
was incubated witlBalb/c and C57 macrophage cell lines for 2 hours no change in pH
occurred. Based on these resititsanbe concludel that the 8 x1®/mL concentrabn of
parasite led tadecreasén the medium pH from 7 to 6, which provsla good medium for
differentiation of the parasite into amastigotes.

P1 and P20 that were cultured in the same conditions but without oxygen were faster and
higher in growth ra than with oxygen. In addition, P20ict ur ed i nDrdSaptilamei der 6 s
medium without oxygen at 25 reached its growth peak faster than P1.

3.2.10 Effect of 20 passagesn vitro on virulence-associated gene

expression ofL. mexicana

Gene expression analysis is a powerful tool for understandangtibecular mechanisms
that regulaté.eishmanidife cycle progression anbstparasite interaction3 he efects of
20 continuous passageslofmexicanan vitro on virulenceassociatedene regulatiomas
assessed by qPCRriefly, total RNA was extracted from ttstationary phasat passages
P1 and P20, andanscribed intaDNA, which was used for gPCR analysis. All viruten
associated genes of P20 promastigagamined(LPG1, LPG2, A2, CHAT1, CPB2,
CPB2.8, CPC, GP63, LACKand MAPK9)were significantly downregulated compared to
control P1 promastigotethough MAPK9 waghe leastlownregulatedfigure 3. 15)

Further experiments were conducted on P1 and P20 to determine the efieatitod
passaging on the expression differentiationassociatedgenes (LPG1, LPG2, CPB2,
CPB2.8, and A2) which asdransformation from promastigotes into amastigotes after 2 and
24 hours by gPCR. In addition, Immunofluorescenceflwdcytometrystaining using amni

LPG monoclonal antibodiesere used to estimate thgpression of LPG protein.
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Figure 3. 13: Effect of 20 passagem vitro on virulencegene expression

Virulence gene regulation of P20 comga with P1 vasassessed by qPCR. P1 &g

were culturedatZ& i n S c brosephildreedi@dcentaining 10 v/v HIFCS for thre

days. At stationaryphase, 40 x 1Q0parasiteswere harvested, and total mRNA wi
extracted, then converted into cDNA andbjegted to gPCR. gPCR results we
normalized using thBousekeeping e ne A GAPDHO and Ct values
ppCt

The data were analysed by using GraphPad Prism 7sttaty significant differences
betweenpairs of groups represented by *p<0.0001. The p value was determine
unpaired #test. The results are average of four independent experiments ahdrsh
represent standard error ahean

3.2.11 The effects of culturing of P1 and P20L.mexicana in
differentiation conditions for 2 and 24 hours on the2xpression

of differentiation -associatedyenesregulation

3.2.11.1 The effects of incubation of P1 and P20 at 37°C for 2 and 24 hours on
GP63, CPB and CPBA genes regulation
The results clearly show that GP63 whsvnregulatedvhen P1 and P20 promastigotes
were incubated in differentiation conditions (32) for 2 and 24 hoursAfter 2 hours
incubation, GP63 in P1 was significantly lower than that in, R@#ile, at 24 hours

incubation GP63in both P1 and P20 wadownregulatedcompared with promastigote
control.
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Figure 3. 14 Effect of 2- and 24-hours incubation at 37C on GP63, CPB2 and CPB2.8
gene regulation in P1 and?20.

P1 andP20 were cultured at 26 i n S ¢ Drosephihmedia sotaining 10 v/v HIFCS
for three days. At stationary phase, 40 X parasites were harvested, and subjected to
RNA extraction for thecontrol group, another 40 x $(@arasites were cultured in RPMI 16¢
media containing 10% v/v HIFC$) ventedflask and incubated i85% v/v humidity at 37C
in 5% v/v CQ incubatorfor 2 and 24 hours. Total MRNA was extracted, converted into cl

and subjected to qPCR. gPCR results were normalized usifptisekeepingene GAPDH
and Ct values were calculated &&%.

The data were analysed by using GraphPad Prism 7. Staliyssigaificant differences betwee
pairs of groups represented by****p<0.00001 and **p<0.001. P value was determinec

unpaired ttest. The results are the average of three indepenxiegriments and the error ba
represent + standard errorrakan

Incubation of P1 and P2fromastigoteat 37C for 2 and 24 hours, causdéownregulation
of CPB2 in both parasite populations. Only CPB2.8 was significantly upregulated in P1
parasite when cultured for 24 hours but not 2 hours aC3The gene expression of LPG1,

LPG2, GP63 and CP®eredownregulatedn promastigotes when thiemperatureof the
culturewas shiftedrom 25C to 37C.
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Figure 3.15: The effects of culturing P1 and P2Q.mexicanapromastigotes under

amastigote differentiation conditions for 24 hours orA2 genes regulation

P1 aml P20 promastigotesvere cultured at 28 i n S c Dosophithenedd
containing 10 v/v HIFCS for threeagls. At stationary phase, 40 x®Jfarasites were
harvested, and subjected to total RNA extraction foctimérolgroup, another 40 x £0
parasies were cultured in RPMI 1640 media containing 10% v/v HIRE&,vented

flask and incubated i85% v/v humidity at 37C in 5% v/v CQ incubator for24 hours.

Differentiation of P1 and P20 were checked bight microscope. Total mMRNA wa:
extracted, coverted into cDNA and subjected to qPCR. qPCR results were norme
using thehousekeepingene GAPDH and Ct values were calculated @82

The data were analysed by using GraphPad Prism 7. Statistically significant diffe
betweenpairs of groups represented by****p<0.00001. P value was determinec
unpaired {test. The results are average of three independent experiments agracth:
bars represent + standard erronaan
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3.2.11.2 The effects of incubation of P1 and P2D.mexicanapromastigotesat 37°C
for 2 and 24 hours on LPG1 and_PG2 gene regulation
The effects of incubation of P1 and P20 ai@@n LPG1 and LPG2 gene regulation for 2
and 24 hours was investigated by gPCR. The results stadmcubation ofL.. mexicanaat
37 C modified LPG1 expressiofiigure 3.18). After 2 and 2 hours of incubatior,PG in
both P1 and P20 was significantly downregulated compared to the control which was

incubated at 2&. Moreover, after 24 hours of incubation, LPG1 and LPG2 regulation of P1
is significantly lower than P20.
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Figure 3. 16. The effects of culturing of P1 and P20L.mexicana in amastigote
differentiation conditions for 2 and 24 hours on LPG1 and LPG2 gene regulation

P1 and P20 promastitgswere cultured at 28 i n S ¢ Brasephildreedi® containing
10% v/v HIFCS for three days. At stationary phase, 40%pa@asites were harvested, a
subjected to total RNA extraction for the control group, another 40°pdi@isites were
culturedin RPMI 1640 media containing 10% v/v HIFCS aimented flask and incubated i
95% v/v humidity at 37C in 5% v/v CQ incubator in for 2 and 24 hours. Total mMRNA w
extracted, converted into cDNA and subjected to gPCR. gPCR results were normalige
the housekeeping gene GAPDH and Ct values wécalated as 2*¢!

The data were analysed by using GraphPad Prism 7. Statistically significant diffe
between pairs of groups represented by****p<0.00001, ***p<0.0001, **p<0.001 a
*p<0.05 P value was determined by unpairddst. The results are the averadettoee

independent experiments and the error bars represent + standard error of mean.

94



Light microscopy

Fluorescent microscopy

3.2.11.3 Detection of LPG on Pl and P20 L.mexicana promastigotes by
immunofluorescent microscopy andlow cytometry

Expression of LPG on the surfaces of P1 and P20 promastigotes was assessed b
immunofluorescence anfliow cytometryby using LPG antibody CA7AE. The CA7AE
artibody canrecognse LPGepitopes a both P1 and P20.mexicangFavilaet al.,2015)
The results clearly showed that the expression of LPG was significantly higher in P1 than
P20 as assessby immunofluorescent microscofffigure 3.19) andlow cytometry(figure
3.20),where approximatelg0% of P1 and 10% of P20 promastigotes stained positive with

this antibody.

Figure 3. 17: Detection of LPG on the surface of P1 and P20 promastigotes b
immunofluorescerce

8x1(P P1 and P2Q mexicam promastigotest stationary phase were washed twice with 1xP
stained with CA7AE anti LPG primary and incubated & dvernight. Cells were washed twic
with 1x PBS and stained with Alexa fluor FITC goat amuse IgGsecondary antibody an
incubated at room tempaure for 30 minutes. Nebinding antibodies were removed [
washing with PBS. Smears were prepared from each tube and visualised by
microscope fliorescence at power 40.
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Figure 3. 18: Detedion of LPG on the P1 and P20 promastigotes by flow cytometry
0.5 X 1¢ of P1 and P20 promastigotes at stationary phase wasbed twice with PBS
stained with anti LPG CA7AE primary antibody and incubated@fdr 30 minutes. Tube
were washed twice Wi PBS and stained witAlexa fluor FITC goat antmouse IgG
secondanantibody and incubated at room temperature for 30 mindilesibes were washec
3 times with PBS to remove ndninding secondary antibodies and resuspended in 40
flow cytometryfluid and read bylow cytometry

The flow cytometryresults were analydeby Beckman Coulter Kaluza software. The ds
were analysed by using GraphPad Prism 7. Statistically significant differences be
groups represented By**p<0.00001. The P value wadetermined by unpaireddst. The
results are the average of foud@pendent experiments and the error bars represtandard
error of mean.
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Figure 3. 19: Detection of LPG on the surfaceof P1 and P20L.mexicana by

immunofluorescerceafter incubation in differentiation conditions for 2 and 24 hours
8 X1 P1 and P20 mexicam promastigotes at stationary phase were washed twice wilBB
andcultured in RPMI 1640 media containing 10% v/v HIFCSairented flask andhicubated in
95% v/v humidity at 37C in 5% v/v CQ incubator in for 24 hours

P1 and P20 mexicam promastigotes at stationary phase were washed twice with 1xPBS, s
with CA7AE anti LPG primary and incubated &E4or overnight. Cells were washeslite with

1xPBS and stained witAlexa fluor FITC goat antimouse IgGsecondary antibody an
incubaed at room temperature for 30 minutes. Mamding antibodies were removed |
washing with PBS. Smears were prepared from each tube and visualised by
microscope florescence at poweraifd470/22 nm Excitation; 510/42 nm Emission.

97



3.2.12 Detection of phosphatidylserine (PS) in P1 and P20

promastigotes byflow cytometry
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Figure 3.20: P1 and P20 phosphatidylserin@xpression

In this experiment, 20 x 21 and PQ L. mexicangarasites at stationary phase we
incubated in 95% v/v humidity at 37°C in 5% v/v 8@cubator for 24 hours in vente
flasks for 24 hours in 2.5 mL RPMI 1640 supplemented with 10% v/v HIFCS
amastigote differentiation. In adidih, anotler 20 x 16 P1 and P20 promastigotes
stationary phase were cultured in Schneid@rssophilamedium supplemented witl
10% v/v HIFCS in unvented T25 tissue culture flasks and incubate®5€ incubator.
After 24 hours incubation at &7, bah P1 and?20 parasites were visualised by EV(
microscope to check the differentiation into amastigotes. Human U937 monocyte:
used as a negative control. Cells were stained with Annexin V. according t
manufacturer é6s gui flovicytomets(appendik 6)e Xhe nesut
are representing three independent experiments.

The data were analysed by using GraphPad Prism 7. Statistically significant diffe
betweenpairs ofgroupsrepresented by ***p<0.0001. The p value whdermined by
unpairal t-test and the error bars represestandard error of mean.

phosphatidylseringvas expresseth higheramouns on theP20thanP1L. mexicana
promastigots. After incubation at 3T for 24 hourphosphatidylserine expression was
decreased in P1 but not P2@yre 3.22 appendix5 A and B).
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3.2.13 Synopsis of the virulent P1 and avirulent P20_. mexicana

promastigote growth and characterisation results

Table 3.3: Growth characteristic of P1 and P20 promastigotes

Test P1 P20

Growth rate on -Neubauer Grow well Grow well
schneider'sdrosophila | hemocytometer
medium

-Alamar blue assay
Growth rate on RPMI | -Neubauer Grow well Did not grow well
1640 medium hemocytometer

-Alamar ble assay
Stationary phase -Neubauer Between 3'to | Between % to 5"

hemocytometer 51 day day
Effect of 25C and -Neubauer Grow at 25C Grow at 25C
37C temperature and | hemocytometer anaerobically .
02 anaerobically

Table 3.4. Morphology of P1 and P20 promastigotes

Test P1 P20
Morphological Light microscope | Body lengh and Body length and
analysis width are less than | width are larger
P20 than P1

The ability of P1 Light microscope | Approximately 80%| Approximately 20%
and P20 to
differentiate into
amastigotes at 3T
for 24 hours

The effect of @, Light microscope | No effect No effect
CO:2 and type of
media on the
ability of P1 and
P20 to differentiate
into amastigotes

Metacyclic stage | By calculation of | At least 20% 0% metacyglic
promastigotes physical metacyclic promastigotes
measurement of promastigotes
body length, width
and flagellum
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Table 3.5: expression ofLPG and PS on the P1 and P20.mexicana

Test P1 P20
Promastigotes Flow cytometry | Approximately 65% Approximately 15%
LPG
PromastigoteLPG | Immunofluorescenct High Low
LPG after immunofluorescencg Decreased Did not affected
incubation in the
amastigote

differentiation
conditions for 24
hours

Promastigote PS | Flow cytometry Approximately 45% Approximately 80%

PS after Flow cytometry Approximately 15% Approximately 65%
incubation in the
amastigote
differentiation
conditions for 24
hours

Table 3.6: Virulence associated gene regulatioexpression of the P20 promastigotes
compared with P1promastigotes
Test P1 P20

Virulence associated gPCR Used as a control| Down regulated
genes regudtion of

LPG1, LPG2, A2,
CHAT1, CPB2,
CPB2.8, CPC, GP63,
LACK and MAPK9
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Table 3. 7: Effect of incubation of P1 and P20L.mexicana promastigotes on the
ama st i gfterengigian conditions for 24 hours on virulence associated gene
regulation

Test P1 P20
CPB2.8 gPCR Upregulated Downregulated
CPB2 gPCR Downregulated Downregulated
A2 gPCR Not affected Downregulated
LPG1 and LPG2 gPCR Downregulated Downregulated
GP63 gPCR Downrggulated Downregulated

3.3 Discussion

3.3.1 Characterisation of P1 and P2(QL. mexicanapromastigotes
Continuous passaging of.mexicanafor 20 passagesn vitro has caused major
morphological and functional changes. Cells became rounded and elongated, increased i
body size, and their growthiasinhibited inRPMI1640medium. Thisvasaccompanied by
alossof virulence, downregulation oflaen virulenceassociatedgenesestedand los of
theability to differentiate into amastigotes under different growth coorliti

3.3.1.1 Growth Rate
Transmission of..mexicangpromastigotegrom the intermediate host insect vector to the
mammalian host is a#tted by demperaturehift from 25C into 37C in vivo. The question
is whether P1 and P20 would similarly grow atG3Both P1 and P20 promastigotes were
able to grow a25C but not at 3T (figure 3.2). It has been previously reported that
L.mexicanawas sensitive to temperature change and did not grow @t(Biegel et al,
1983).
In this study, P20 but not P1 promastigowisl not grow in RPMI1640 medium
supplemented with 10% HIFC$idure 3.2) and at 2&, as assessed by manual counting
usingahemocytometer and confirmég the Alamar blue assayfigure 3.2). No significant
difference in P1 promastigote growth rate wasesbedwhetherthey were cultured in
Schneider'®rosophilamedium @ in RPMI1640 medium. However, P20 concentration in
Schneider'®rosophilamedium was approximately 3 timkigher than P1 when cultured in
RPMI1640 medium after 2 days incubatidigre 3.2); this could be due to significant
differences in their nutriemequirements and food metabolismRIPMI1640medium may
contains some growth inhibitors for P20 but nof présently no study has addressed this

phenomenon.
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Studying the ingredients dioth mediaand metabolism pathway of P1 and P20 could give

a clueto their growth requirements. It is noteworthy that both RPMI1640 (Lonza) and
S ¢ h n e Drdsephifa($.onza) contains -glutamineand are rotinely supplementedith

10% HIFCS. These resultse in Ine with a previous study b@'Daly, and Rodrigug
(1988) who reported thathe nutrient requirements for growth and differentiation to
amastigotes are varied amohgishmaniaspecies includindg..mexicanaand varied with
continuous passages vitro (passage 30) as a result of the incubation temperature and the

protein content of the culture medium.

3.3.1.2 Morphology of P1 and P20L.mexicana
By comparing the morphology of P1 and P20 promastigBtessspinde-shapeadvhile P20
is elongated witla rounded end (See resuligure 3.6, 3.7 and 3.8), thieody size ofP20
waslarger than P1fjgure3.4, 3.5, 3.6, 3.7, and 3.8). The body length and width of P20 was
significantly greater than that of P1 promastigotes, with no significant difference between
their flagella.These results are similar to those reported bye®dil, (2013). It is worthyto
note that NI vision assistant software was used in this study compared with the calibrated
micrometre slide that was used by A al, (2013). However, thepresent results of
flagellum length are icontrast with aather studyby Wheeleret al, (2011) who noticed a
significant morphological change Inmexicanawhen culturedn vitro over multiple cell
cycles.Contrary to the flagellar length findings Wheetét al, (2011) reportedhat there
was aremarkablencrease in flagellum length after mulgpcell cycles.
It is noteworthy to mention that tipgomastigotesre infectious when they are at metacyclic
stagedecause this is the stage where promastgaie able to differentiate into amastigotes
(Solbach and Laskay, 2000he average of the body length of P1 (8.6 um) was significantly
shorter than P20 (13.6 um) and the width was significantly higher in222® |(m) than P1
(2.04 um) promastigotes. Qettively, the P1 body size is smaller than P20 promastigotes
and P1 promastigotes are close to metacyclic stage parasite measurementsetRagers
2002; Zakai,et al., 1998). Therefore, the possible explamatfor the failure of P20 to
differentiate nto amastigoteis due toomissionof themetacyclicstage.
Failure of P20 to differentiate to metacyclic promastigotes stagecar#gmed bytwo
calculation methods: (i) byalculation of flagellumbodysize raticand(ii) multiplying body
length by bog width (figure 3.10). Thechanges may be used as wgudicator for
differentiation into amastigotéSee results section 3.2.6 and 3.2.7). Interestingly, the results
confirmed the absena# metacyclicstages in P20 promastigotelsgure 3.10). Absence of
themetacyclic infective stage after cultivationlofmexicangor 20 passages vitro, is in

line with previous findings of lost virulence and failureLomexicanaafter 20 passages
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vitro to induce lesions in Balb/c mice by Adt al, (2013) and.. infantum(Moreiraet al,

2012). Therefore, this is a point to consider whegparinga vaccine from old cultures.

3.3.1.3 Differentiation of P1and P20L.mexicanapromastigote to amastigotes.
The life cycle ofLeishmaniaalternates between two main morphatad forms: flagellated
motile promastigotes in the sand fly vector and intracellularflagellated amastigotes in
the infected mammalian host (Van Zandbergen et. al., 2@i#grentiation from
promastigotes to amtigotesis a critical step in the press of infection, and the molecular
basis for this differentiation is still poorly understood. Thereforehis part of this study,
the ability of P1 and P20 promastigotes to differentiate into amastigotes wasedxmor
order to understand how it wasfluenced by culture conditions which inclutigpe of
medium, temperature, pH and time of incubati®asults show that P20 lost thbility to
differentiate to amastigotes under different culture conditions and&leshto differentiate
in 5.5 pH medi when incubated &7°C for 24 and 48 hours. In addition, P26t theability
to differentiate into metacyclic promastigotes when cultured &€ 268 Sc hnei de
Drosophilamedium supplemented with 10% HIFCS. Failure of P20 to differentiabe
amastigtes was accompanied bgownregulation of A2 gene expression after 24 hours
incubationat 37°C as assessed by qPQRis noteworthy thathe A2 protein isamastigote
specific(Zhanget al, 1996)

3.3.14 Role of pH on P1 and P2Q@.mexicanadifferentiation to amastigotes
To investigate the effect of parasite concentration alone on the ability of PP24nd
L.mexicana promastigote to differentiate into amastigotes, the promastigotesewer
subjected to 3T incubation(5% CQ and 95% v/v humidity) for 24 hours. h& pH was
decreased with time (which might be due to parasite concentration and incubation
conditions) to pH 6 (See results 3.2.10 and 3.2.10.1). Under these conditions, the
differentiation rate of PiIhcrease@pproximately up to 90 % after 24 hours. Heesreit has
been reported that mexicangpromastigotes caadaptand differentiate into amastigotes in
culturesatpH 4.5, 5.0, and 6.@Bgateset al,, 1992;Zilbersteinet al,, 1994). However, using
pH 5.5 medium produced approximately 10 % rmarestigogs from P1 than regular RPMI
1640 mediumlt was reported thdt mexicanaamastigotegrefer acidiggrowth medium of
pH 5-4 (Batet al, 1992).In a study conducteldy Daggeret al, (2018), who compared
betweerRPMI164Q 199 and LIT modified media, thability of L.mexicanao differentiate
was better ilRPMI1640medium compared with99 or LIT modified medium under similar

conditions pH 5.5 and 3TC). However, thecurrentstudy findings reporthat there is no
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significant effect from th type of mediumon L.mexicanadifferentiation rate into
amastigotes.

P20 promastigotes wermableto differentiateinto amastigotes when cultured in growth
media ofpH 5.5 (See results 3.2.9). Accordingthe current study results, the key factor
thataffectsparasitaifferentiation into amastigotes was the temperature changing fr@n 25
into 37C eitherat pH 5.5 or 6 which is consistent with the recent studpaggeret al,
(2018).The maindifference between virulence and avirulence is the capacity of the virulent
parasite (P1) to differentiate into the amastigote fahis finding is in line with the study
of Moreira et al, (2012) who reported that the avirulent parasite could not prgperl
differentiate into amastigot@s vitro. Results in this study confirm that culturing of parasites
at concentration of 8 x 1P per mL was enagh to reduce the media pH from 7.0 to 6 and

induce differentiation of parasites.

3.3.1.5 Effect of incubation time on ability of P1 and P20L.mexicana to
differentiate into amastigotes

Regarding the time of incubation, results of this study show that, PZXediffgtes into
amastigotes afte24 hours but not at 2 houwghich is consistent wlit previous finding of
Williams et al, (200§ whoreported that..mexicananeeds 18 to 72 hours to differentiate
into amastigotes andutophagyappearedafter 18 to 72 howr by increasing number of
autophagosomes which was consistent with time of incubdio differentiation of
parasits. The differentiation into amastigotes which is found in P1 but not P20 may be
due to autophagyit has been reported that there wagrge increase in autophagosome
production during differentiation ofL.mexicana metacyclic stage promastigotes to

amastigotes vitro (Williams et al.,, 2006)

3.3.1.6 Effect temperature alteration on the ability of P1 and P20L.mexicanato
differentiate into amastigotes

The effect of temperature alteration on tlierentiationof promastigotes into amastigotes
was variedbetween P2@nd P1 promastigoteShe temperaturehange from 2& to 37C
can cause differentiation of P1 but ir20 intothe nonflagellated round form. However,
the differentiation isaccompanied by several morphological changes, cell size reduction,
loss of the flagellum, organelle modificatiorgene expression anglurface LPG and PS
expression, which may includegtein andfat metabolisn{Daggeret al., 2018)
Regardless of other factomsstedin this study pH, media types, presence and absence of
0»), the temperature shifting from £5to 37C is the main facir that induces differentiation

of promastigotes into amastigsetdt has been previously reported that incubation of the
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parasite at 3T for 24 hoursn thepresence of C&can be used for thestablishmenof an
axenic amastigote culture afdonovani(Zilbersteinet al, 1994;Alcolea et al, 2010,
however in ths study there was no effect thie presence or absence of &hd CQ onthe
ability of the parasite to differentiate into amastigotess known that the main factors
affecting differentiation of L.mexicanaand Leishmaniaspecies into amastigotes are the
temperature of 3€ and pH of 5.%Biegelet al, 1983;Bateset al, 19929. The current results
confirmthatP1L.mexicangromastigotes can differentiate into amastigotes when incubated
at 37C but not 25C for 24 hoursin addition, differences of gene regulation pe#flfter 20
passages of.mexicana such as A2 which is associated with amastigote protein was
downregulated after 24 hours incubation in P20 but nofigdré 3.17).

3.3.1.7 Effect of 20 passageson the ability of P1 and P20 L.mexicana
promastigotes to differeniate into amastigotes

One of the aims of this experiment was to investigate the biological characteristics of P1 anc
P20 isolate before investigation of their interactions with mammalian host cells.
Differentiation into amastigtes is a parasite survivatrategy to adapto environmental
changes. Although the environmental factors that trigger virulent
Leishmaniadifferentiation into amastigotas vitro were partially identified several years
ago, relatively little is knowmbout the ability of avirdent Leishmaniaparasites (P20) to
di fferentiate into amastigotes and to th
study that has investigated this phenomenon by comparing between these two strains (P
and P20) of thparasite and their gemegulation except the single study by Atial, (2013).
The differentiation of promastigotes into amastigotes is essenttalfioe  p aadagptatiort e 0
to new host environmental conditions. There are many variations between parasite culture
growth conditons and mammalian host cell infection conditions such as nutrients (type of
medium), temperature, pH, as well as the availability of oxygdnchwmimics the
phagolysosomdike environmentlt has been reportdtiatthere was a similarity between
vivoard in vitro conditions for the differentiation &f mexicananto amastigotesn addition
to similarities between amastigotes that diffeiaetlin vitro outside mammalian cells to
those that differentiated inside macrophages (Hernagidesz, 1981).
Theability of Leishmanigparasites to differentiate into amastigotes is a key factor for their
survivalagainst starvation conditions after ogang the environmental conditio(iReggiori
and Klionsky, 2005; Cullet al, 2014).Differentiation into amastigestakesplace by an
autophagidike process (Daggeet al., 2018), which was found in P1 but not P20
L.mexicangparasites irtheresultsof this study
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The precedi nglitesatareshawghatthe shifting iren promastigoseinto
amastigote is combined with large differencea metabolism at the promastigote stage
there isexhibition of high metabolic activity, with excessive rates of consumption of amino
acid and glucosen addition to secretion of metabolic epdoducts while the amastigote
stage has increasetketabolism witHow levels of amino acid and glucose consumption and
increases in fatty acid catabolism. This phenotype of metabolism is not induced by nutrient
limitation (Saundert al.1994), because P1 and P20 were cultured iimdas medium
(RPMI 1640 and Schneidebrosophla), although P20 failed to differentiate into
amastigotes in both types, while with changing temperature of incubation fréno2%/C
induced the differentiation into amastigat&herefore, this study sggsts that comparing
between P1 and P20 metéibmm before and after incubation at G7could clarify
Leishmanigparasite metabolism pathwsguring differentiation into amastigotes.

This aspect of parasite metabolism could be a key in understandingilihe aibthe
amastigote to survive imacrophage phagolysosomes and parasitophorous va¢Bble
Therefore, targeting parasite food metabolism of amastigotes could be a key for drug
designs. In addition, research on vacsio@sed on attenuation of tharpsite by prolonging
incubation mustonsider that attenuation of parasieads to loss dhemetacyclic stage of

the parasite and subsequent infectivity stages (amastigotes), although this may not activate
the immune response properly.

The differentation of L.mexicanapromastigote into amastigote in vitro takes place
through a selective autophagike process. These processes are characterised by deep
folding of the plasma membrane arlle presence of numerous cytoplasmic lipid droplets
which maybe the product of chaegin lipid metabolism.Autophagy is mainly regulated

by the mechanistic target of rapamycin (mTOR)tophagy is commonly regulated by two
signalling pathways; mTOfependent and mTGRdependent. In the classical pathway,
activation of mTOR leads to inhibition of cellular autophagy, while mTOR independent
regulation leads to enhanced autophagy (Ravikwhal.,2010).

Autophagy is initiated by engulfing particles or organelles into the cytoplasdoulyle
membranevesiclesin the @se of early autophagic vacuoles or single membrasielesin
thecase of late autophagic vacuoles, which leads to autopbages eventually fusing with
lysosomes, where their contents are degenerated ¢Ley1997; Ravikumaret al.,2010).

The aubphagosome is a vesicle with a single or double membrane containing cellular
materials that will be degraded by autophagy(let al.,1997; Ravikumaret al.,2010).
However, Williams et al., (2006) have reportedhat L.mexicanais lacking cysteine
peptdases (CPB and CPA which are necessary for lysosomal fupdtisimg their ability

to differentiate tometacyclic promastigote and amastigote fgrmdue to adefectin
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autophagy. Thus, they concluded that lysosomal function and autophagy are crucial for
differentiation ofL.mexicanaln line with this, the qPCR results of the current study show
that CPB2, CPB 2.8 and CPC werownregulatedn P20.

Drugs blocking the autophagiike process of the parasite could be useful as new strategy
to combatthe dsease Paggeret al.,2018) Comparison between P1 and P20 could be
helpful in this regard, akelost ability of P20 to differentiate into amastigotes may be due

to a defectn the autophagidike processHowever,it has been hypothesised before that
auophagy plays an essential roldaleamastigote differentiation processes aestshmania
parasies would be an excellent model for studies on the role of autophagy in cellular
differentiation Villiams et al.,2006)

Another possible reasdar the failure of P20 promastigotes to differentiaito amastigotes

is the lack of sphingolipids which are essential for undergoing metacyclogenesis and
differentiation to amastigotes (Zharmgal., 2003;Williams et al.,2006. Sphingolipidsare

lipids containing a backine of sphingoid basesliphaticaminoalcohols including
sphingosine which is a cell membrdiped class. Sphingolipids play an important role in
signal transmission and cedicognition (Churet al.,2010). However, the interplay between
sphingolipids and autophagy ireishmaniais still unclear Therefore, this study suggests
that the comparison between P1 and P20 could be helpful to study metacyclogenesis.
amastigote diffenatiation and autophagy.

The failure of P20 to differentiate into amastigotes is an interesting phenomenon which
needs more halepth research to understand the factors and mechanisms of gene regulatior
affecting this process, hence this may leaddsignirg drugstrategies to intéerewith the
autophagidike procesgDaggeret al., 2018).

3.3.1.8  Effect of 20 passages vitro on virulent gene expression of..mexicana
by gPCR

Gene regulation is a powerful tool for understanding the molecular mechanisms that
requlateLeishmanigparasitelife cycle progression which will reflect on amderstanding

of hostparasite interactionslherefore, in thistudy,ten genes associated with virulence
(LPG1, LPG2, A2, CHAT1, CPB2, CPB2.8, CPC, GP&3CK and MAPK9) were
investigated by gPCR analysis. addition,6 genes (LPG1, LPG2, GP63, CPB2, CPB2.8
and A2) associated with amastigote differentiation were also analysed following exposure
of parasites to amastigote differentiation conditions. Furibes, déection of LPGon P1

and P20 by FITC Immunofluorescence staining #iadl cytometryanalysis usingnouse
ant-LPG monoclonal antibodig€A7AE) was usedh this study for thdirst time. Results
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showed that all genestested were significantligownregulated in P20 compared with P1
promastigotes.

3.3.1.9 Cysteineprotease genes
Results clearly shosd downregulatiorof all virulenceassociatedenegested which may
explain the reason behind the reduced infectivity of Paf@asites andhbility upon
inoculaton to induce lesions in Balb/c mice (&fi al, 2013. CPB2, CPB2.8 and CPC genes
play an important role in parasite survival in infected mammaliancetisat theamastigote
stage and its interaction with host cells (Mottratral, 2004). It must b@otedthat CPB
plays a vital role in the autophagic pathway during parasite differentiation into metacyclic
and amastigote stag@ottramet al, 1996; Williamset al, 2006;Gomeset al, 2017. CPB
activity is predominantly expressed in promastigotethair meacyclicstage Bateset al,
1992 and P20 did not hawemetacyclicstage according tihe current study resultsigure
3.10). It has been reported thatulent L.mexicanaamastigotes were rich in cysteine
peptidases which play a central ratefacilitating growth and survival of the parasites in
mammalian cellssuggesting multipleysteine peptidasgenesnay have a complementary
function (Mottram et al, 2004).Mutant L.mexicanalacking CPB enzymes have greatly
reduced infectivity Balb/c mgse macrophageitherin vivoorin vitro compared with wild
type parasitegMottramet al, 1996;Frameet al, 200) In addition, inhibitors otysteine
proteasshave somefficacy againsteishmaniabothin vitro andin vivo(Selzeret.,1999),
which is in line with current study results, where CPB2.8 level in P1nmitP20 were
significantly upregulated after 24 hours incubation atC37Section 3.2.11)J1
Downregulation ofCPB geneexpressionjoss of metacyclic stage and failuoé P20to
differentiateinto amastigotes may suggest a defecthi@ P20 autophagy pathway that
interfereswith metacyclogenesis and differentiatidtowever CPB deficientl.mexicana
havelost theability to replicate inside susceptible Balb/c mice macrophagetoamdarge
communal PVs by fusion between P{asgrairet al.,2016). However, th@otentialof
cysteine proteaseas virulence factsrand as pantial drug and weine targets has been
implicated(Mottramet al, 1996).TargetingL.mexicanaCBP2.8 by CBP2.8 inhibitor drsg
IS a promising treatment of this disease, and it may kill the intracellular amastiguiies
(De Luca.et al, 2018)which also agrees witthe current study finding in regard to (CPB2,
CPB2.8 and CPC) gene regulation.

3.3.1.10  Chitinase 1(CHT1)
Chitinasel(CHT1) wasdownregulatedh avirulent P20 promastigotes compared with P1. It

is noteworthy thaCHT enzyme produced blyeishmaia parasitesenables them to infect
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epithelial cells by thesandfly vector biting. Also, L.mexicanaCHT enzymeplays an
important rolein the developmenbf the parasite andts survival in themammalianhost
(Pimentaet al, 1997.Schleinet al, 1991).It has been reported that there is a significant
positiverelationship betwee@HT1 and nouselesion size Joshi,etal., 2005). Therefore,
P20 may laclchitinase enzymdue todownregulatiorof the CHT1 gene,which is in line
with Ali et al, (2013) who eported that CHT1 idownregulatedn P20 and which failed to

induce lesiorin susceptible Balb/micein vivo.

33.1.11 MAPK9
Parasite flagellar morphogenesis is associated wittogen activatedprotein kinase
homologue (MAPK9aNd its MRNA was found in dllmexicanastages (Bengst al, 2005;
Reddyet al, 2017). Longin vitro incubation(20 passages) f mexicanacaused significant
downregulationof MAPK9 gene figure 3.15) after whichthey kept their long flagellum
after24 hours incubation at 3C. Thereforethis finding is supported by the study conducted
by Bengs,et al, (2005) who reported that a null mutant MAPK9 promastigotes have
elongated flagella, while promastigotes that have overexpression of MAPK9 display very
short or no flagella wherthey differentiated into amastigotes. Accordingly, P20
promastigotes keep their flagella length when incubatednadstigote differentiation
conditions (37T andpH 5.5 medium)which could be due tdownregulatiorof MAPKO.
It is known that amastigatesizearesmaller than promastigotes and they have a primitive
flagellum embedded in the flagellar pocket. In additlamexicanaamastigotes have large
megaomes lysosomelike organelles)which are absent in promastigo{@esteiro.et al,
2007).Pupkiset al, (1986) have foundhat L.mexicanaamastigotegontain much higher
activities of cysteine proteinase than promastigotes. The unique and hugerestnictu
megasomgin wild L.mexicanamay provide an excellent model for researches to focus on
theenzyme However megasomeare potential pharmacologic@mimmunologic targets for
disease controlMcMahonPratt and TraulCsekd, 2010) and studying of Phe P20 in
this regard could be helpful.
Moreover, the promastigote surfaceembrane iscomposed of LPG, gp63 and GIPL as
dominant surface markersi¢Convile andFerguson1993 Wiese, 1998McConville, and
Menon, 2000. While L.mexicana amastigotes expse GIPLs and glycosphingolipids on
their surfacethere wasrery low expression oEPG and GP63Rahretal., 1993 Winter et
al., 1994 Wiese, 1998 A possibleexplanations for thisesultsof the current study in this
regardis that, the role of megasomes in P20 mayaffectedby longin vitro passages
affecting protein and fat metaboligidaggeret al,, 2018) it is noteworthy that..mexicana
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amastigotes have the largesegasomes among dleishmaniaparasite speciefJeda
Nakamureet al, 2001;Besteiroetal., 2007).

Behavioural and morphological modulationi@ishmaniaduring their life cyclas the resul

of gene regulation in response to external environmental pressure. However, details of the
signal transduction pathwaysvolved in differentiationof promastigote into amastigote
and specific gene regulation a@l unknown(Wiese, 1998 Howevermore recently, the
first evidence for postranslational regulation of stagpecific expression of LAAAP24
(proline-alanine transporter) whicks expressed exclusively in promastigotes only was
reported inL.donovani(Liburkin-Danet al, 2018).However, tle kinaseis essential for the
survival and multiplication ot.mexicanaamastigotesn infected mammalian host cells
(Wiese, 1998).

3.3.1.12 A2 Protein
A2 protein isessential fommastigote survival in a mammalian host. W& identified as
the first amastigotstagespecificvirulence factor irLeishmania(Zhanget al, 1997), A2
protein has been detectechira t i e n tinkeded Wilh\d_ardl CL due td_.mexicanaand
the A2 gene was detectedlirmexicangGhedin,et al, 1997).According to this studyA2
was downregulatedn P20 andslightly upregulatedin P1 after 24 hours incubation at
amastigote differentiation conditio(fsgure 3.17)which confirm that theifferentiation into
amastigotes has been in P1 but not P20. Howevdrasitbeen shown that A2
deficient L.donovaniamastigotes lost virulenc&lfanget al, 1997). Immunisation ofmice
with recombinant A2 protein produced significant protection agaidsmnovani(Ghoshet
al., 2001). Therefore, A2 protein is considered potentialantigen thainducesan immune
response against this disease through the eetdd&N-o2 (Ghoshet al., 2001). Therefore,
long in vitro culture ofL.mexicana(P20) made them lose thability to differentiateinto
amastigotesvhich may be as a result dbwnregulatiorof A2 genes in P20 promastigotes.
Moreover,A2 gene expression gdownregulated after 24 hours incubation aC3vhich is
observed in P20 but not P1. Notably, A2 proteianamastigote specific prote{@hanget
al., 1996)

3.3.1.13 LPG1 and LPG2
All the Trypansomafamily is characterised by the presenca pophosphoglycailLPG)
coat covering the parasite surface which is an important virulence factaistimania
protozoa (Ferguson, 1999}. is the most abundant surface coat glycoconjugatehen
promastjote surface with approximately 5 x%1€bpies per cell (Turco and Descoteaux,

1992). LPG protects the parasite at theetacyclicstage by its repeating units which
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increases thphosphorylatedisaccharide that increases thickening of glycocaBackset

al., 1995).LPG isapathogerassociated metular pattern (PAMPthatplays a crucial role

in modulation of host immune respoaskiring theestablishmentdf macrophage infection
by theLeishmaniaparasite (Desjardins and Descoteaux, 1997; Dedqu, 2014).In the
bloodstreamLPG protectsLeishmaniaparasites from the humoral immune system before
infecting macrophages (Kweidet al, 1987). Therefore, the regulation of LPG1 and LPG2
genes were assessed by gPCR in P20 compared with P1.

Differentiation of parasite into amastigotes is the adaptation strategy bgkparasites to
survive after their exposure to changes in environmental conditions including temperature
and pH. Differentiation into amastigoteauseseveral changes in tenmpéure toleraoe,
morphogenesis, and parasite surface molecules such a®\t&@ding tothecurrentstudy
finding, both LPG1 and LPG2 genewere downregulatedin P20 compared with P1
promastigoted.PG is a surface coat protectibhgishmanidrom attack by the host imune
system and at the same time, it is the first target for immune detection. LPG is essential fol
survival during the initial stage oéstablishment successfuhacrophage infectign
downregulatiorof LPG1 and LPG2 in P28 inline with astudyby Turcoetal., (2001)who
comparedetweerL. major knockouts for LPGlaloneor LPGlandLPG2togethemwvhich
showed decreased virulence in susceptible mice infections of pardastekedout for
LPGlandLPG2together On the contraryllg (2000) reportedhatLPG1lis notavirulence
factor forL.mexicanaduring infection and survival, it was reported that infection of Balb/c
and C57 micén vivoand peritoneahacrophagem vitro with L.mexicandacking theLPG1
genewas normal It must be noted that the 1lgqQ0) resultsvere on L.mexicanamutant
LPG1lonly but the genes responsible for LPG synthesis are not only LPG1, there are others
suchasLPG2, LPG3, and LPG5 (Ryast al.,1993) However, studies ie literaturedid

not achieve a complete picture of LP@ng regulation or LPG synthesis (Forestieal,
2015).

LPG2geneknockout mutantL.mexicanas able to bind, infe¢csurviveand multiply inside
host macrophages despite being deficiemhosphoglycamvithout asignificantdifference

to a wild type &rain (lg etal., 2001). Turccet al, (2001) who compared between to&

of lipophosphoglycan ih.majorandL.mexicanaeported that..major but notL.mexicana
lost virulence after depleting of lipophosphoglyc&fowever, this study showed that P20
has downregulatelPG1 and LPG2 gene expression and R&6lost virulence, however
losing virulercemay be due to downregtilan of other virulence genefsicubation of P1 at
37C for 24 hours induced differentiation of P1 into amastigdtgare3.13 and3.14) which
was accompanied with downregulation of LPG1 and LPiig@ire 3.18). Similar findings
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have been reported wherePG and other surface macromolecule expressi@s w
downregulated in the amastigot®&&aflereret al, 2009

LPG epitopeswere detect on P1 and P2@arasites cellmembranesby immune
fluorescence andlow cytometry analysis using mousanttLPG (CA7AE). However,
results show thdtpophosphoglycan was high in P1 and low in P20 promastigtitped

3.19 and 3.20)Turco et al., (2001) found that traces dfPG can be detected during the
amastigote stagé.ysis of P20 but not P1 in the macrophadg&gu¢e 4.8) could be due to

the absencef LPG epitopes orthe P20 membrane, which protects promastigotes from a
ROS generated during phagausis Spathet al., 2003. LPG may inhibit macrophage
signalling pathways to produce ROS@geet al, 2006.

33.1.14 GP63
Results show GP63 gene expression wamwnregulatedin P20 compared with P1
promastigotes. Howevert has been reported thatishmaniaparasites can resist the
complement system by two main types of ligand molecules, LPG and GP63, which are found
on the parasite surface (Kweider al, 1987).In recent years, substantial evidence has
suggested thatoth GP63 and CPB are key virulencetdas inL.mexicana CPB play a
central role in the formation of lesions, PVs, and survival of parasites in the macrophage.
However, GP63 expressiavasinhibited in the absencef CPB (Casgrairet al.,2016).In
addition, GP63 playanimportantrole in prevention of apoptosis of infected mammalian
cells. The parasitean inactivate infected macrophages by inhibitioAdfvating Protein
1 (AP-1) transcription factorswhich areinvolved in genes coding transcription for
antimicrobial functions of macrophagéds infected macrophage§P63 can cleave-Jun
protein and APL transcription factor§Contreraset al,, 2010).GP63entes themacrophage
throughlipid raft microdomainsand aftereaching theuclear compartment it degrades and
cleaves €Jun and APL proteins(Contreraset al, 2010). Thigprotects cells from induced
apoptosisand ifit cooperatesvith NF-a Bcan prevent apoptosis ByN F. (Wisdomet al,
1999)

3.3.1.15 LACK
LACK (Leishmaniaactivated C kinasg)roteins are found in markyeishmaniaspecies and
in both stages of promastigote and amastigote (Gurunetl@n1997) LeishmaniaLACK
can stimulate thgroductionof IFN-0  a n-10 inl pkripheral blood mononuclear cells
including CD4" T cells derived from patientgluring earlycutaneoud eishmaniasigCL)
(Bourreaugt al, 2002; Bourreatgt al, 2003)
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LACK has been used as a vaccine antigen to induce Thl respBosrreaugt al, (2002)
have shown that LACK vaccine producptbtection againstL. major CL in a murine
model, and against. infantumVL infection in a canine model (Sanch&ampedroet
al. ,2013; Ramost al, 2008).However,according to thistadyd &ndings, LACK gene
expression wagownregulatedh P20 pronastigotes which may caukessof LACK protein.
Notably, LACK protein plays a rolein activation of Thl and CD4T and inducing
productionof IFN-0  whi ¢ h e v esNO pradudtign(Totemeyaret. eal., 2006)
However, maybe there is downregulation in other untested virulence genes or even mutatiot

in L. mexicanaafter 20 passages (P4f)vitro should be taken into consideration.

3.3.1.16 Phosphatdylserine (PS) on P1 and P20

PSact adigand for parasite endocytosis amdcrophageanodulation,causing opsonéion
by macrophagesn a mechanism called apoptotic mimicrwWdnderleyet al, 2006;
Wanderley et al, 2013). After subjection of P1 to diffrentiation conditions
phosphatidylserine (PS) was decreased irfiglire3.22 These findings supported in some
way the study conducted Ayipathi andGupta,(2003) who reportethat promastigotes in
the stationarystage containsignificantly higher amonts of PS than other stages.
Interestingly, results of this studhowedthat,PS wasnorehighly expressedn P20 than
P1 L.mexicanapromastigots, however no significant changes wereticed in P20 after
they weresubjected to amastigote differentiatiocubationconditions (37C). On the other
hand,Weingartneet al, (2012) reported thdteishmanigoromastigoteell membranglack
any detectable PS and they havany phospholipiglasses whiclarestainable by Annexin
V stains such as phosphatidic acid, phosphatidylinositghosphatidylglyceroland

phosphatidylethanolamine.
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Chapter 4:

Interaction of Balb/c and C57 bone
marrow derived macrophages with
virulent and avirulent L.mexicana
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4.1 Introduction

Several studies have already reported that-teng in vitro cultivation of Leishmania
parasites speciegdproximately 12 months) causa total loss of virulence in promastigote
populatiors (Grimm et al., 1991; Segoviaet al., 1992). Moreira et al., (2012) have
demonstrated th&1 passages were enough to Ibsenfantumvirulence.L.mexicandost
virulence after 20 passagesvitro and failed to induce lesions in Balb/c miocevivo (Ali

et al.,2013)

Outcanes of Leishmaniainfection depend ondih pathogen and host factors that are
involved in a molecular interaction wharempetentells will survive. Whetheteishmania
parasites manage survive inmammalian cells depends on their capacity to suppiess h
immune mechanisms. The survival atégies of Leishmania are dependent on the
manipulation of specific functions of the host cell, includingtieelulationof cell signalling
pathways through phosphorylation and dephosphorylation mechanisms (Eddalataao

et al.,2017).Accordingly, this study was designed to investigaieulent P1 and avirulent
P20L.mexicananfectivity to susceptible Balb/c and resistant C57 BMDIWitro in order

to understand the survival of this parasite in the infected cells.

The importarce of therole of LPG in establishinguccessfulLeishmaniasisis still
controversiallt has been pointed out thfair Leishmaniasurvival in macrophageit needs

to change the phagosome into a parasitophorous vacuole (PV) by pathologiugésch
through LPG and 863 and by inducing Th2 cytokin¢Séguin and Descoteaux, 2016).
Gene expression and the abundance of GP6B.mexicanaP20 hae been investigated
before (Aliet al.,2013) therefore LPG1 and LPG2 gene regulation of P20 were igatesti

in this study by using gPCR. In addition, abundance of LPG was estimated in P1 and P20 b
using antrLPG antibody, CA7AE Mouse antiLeishmanial LPG (Bio-Rad) by
Immunofluorescence ang lllow cytometry The L.mexicangarasitedoes not diffefrom

other intracellular pathogenic promastigotés prevents the maturatioprocess of the
phagosome ancreatesan environment for the differentiation of promastigotes to
amastigotes where the GPsurface plays a central role in this process. Comparing between
P1 and P20 may provide new insights into our knowledge of the biologgistfimania
parasites, as well as the biology of phagolysosome biogenesis.

PS is anotherall membranenoleculethat is associated with apoptosis tas investigated

in this study.The recognition of PS expressed on the parasite surface plays a role in
deactivation of DC functions after engulfment of the parasites, in a matter like that of
apoptotic celclearance (Wanderlest al.,2013).1t playsa role in signalling and engulfing

of the cells by macrophages (Verhovenal., 1995; Appeltet al., 2005).PS conserves

immunosuppressive signals that prevent local and systemic immune activation in
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microbial and parasitic infectionBirge et al.,2016) Therefore, abundance of PS on P1
and P20 promastigotes and after being subjected to amastigote differentiation conditions
were investigated in this studyfigure 3.22), in this chapter expression of PS was
investigated on the infected macrophages.

The main function of macrophages is toagbhcytose antigens that invade the body and
apoptotic cell debris, therefore, macrophagesmportant for immunity. Macrophagesear
responsivdo stimuli during immune activation and they arensidered aa first-line-of-
deferce against infectior{Taube, 2003). Activatednacrophages secretgtokines such as
TNF. IL-1, IL-6, IL-8, and IL-12. However, it is known that piaflammatay cytokines are
produced irthe early stages of the immune response dunifegtions particularlyTNF-U
andIL-1 b and t hey ar ecalcygtokinas Qharmeyet al.a2615;Maspiet m
al., 2016. It is very well-known thatC57 mice are resistant to infection withishmania
butwith small lesions and selfealing, vhile Balb/c are susceptibtoLeishmanianfection
(Locksleyet al.,1992; Allenbactet al.,2006).Resistance or susceptibility teeishmania
infection dependson the type ofantrinflammatory cytokines that regulate Thl or Th2.
However, TNF-U plays an importaninediationrole in hostprotection against cutaneous
LeishmaniasigTitus et al.,1989;Carradeet al.,2007 Mannaet al.,2014).

However, most studies have focused on measuring cytokineseatime point post
infectiory to the best of the auth@r knowledge, there is nstudy that hasnvestigated
changesn cytokine leves /profiles at different time pointgostinfection Therefore, this
study tried toanswer questionselated to differences between Balb/c and C57 when they
encounter P1 and P20mexicangparasites bgomparing this change after 2 and 24 hours
postinfection Therefore cytokine gene regulation (TNE) JL-6,IL-1 6 a n & WasGF
investigated atwo timepoints: 2 and 24 hougostinfectionin order to study the effect of
infection.

AlthoughC57 and Blb/c for studying immunology dfeishmanianfectionin vitro infected
murine model are widely used, there is very little known on the role of TINFi n host i | e
Balb/c and C57 strainsittle is known on the effect df.mexicananfection {irulent and
avrulent; P1 and P20, respectivelyh Balb/c and C57 on the modulation of the
proinflammatory cytokines at multiple time points.

This chapterexplainsthe results of P1 and P20 infectivity mone marrow derived
macrophages (BMDM) of suscdpe Balb/c andesistant C57 micén addition,interaction,
survival and multiplication with mammalian cells were investigated alongthetiffecton
apoptosisand regulation of their associated gereectivity of P1 and P20 was examined
by countingnonengulfed arasites by Neubauer hemocytomdsae the methodology in

chapter2, section 2.9, for more detail#).addition,anAlamar blue assay was used to assess
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the growth rate using parasite alone as a control. In addition, countingettoentagef
infectedmacrophages C57 compared with Balb/c BMDM. To investigdteat fateof the
parasiteinside themacrophageparasites were labelled with CFSE, by staining of RiL an
P20 before infection and examined byluworescentmicroscope(see the methodology in
chapter-2, section 2.10, for more detail3)he activation of apoptosis can play an essential
role in the elimination of intracellular pathogens such &agishmaniaparaite spgcies
(Dragovichet al.,1998;Moore and Matlashewski, 1994; Pakal.,2006;Donovan, et al.,
2009. It has been reportethat Leishmaniaparasite protect polymorphonuclear cells
including macrophages from apoptosis in order to survive (Alarial., 2004; Aguirre
Garciaet al., 2018). The macrophagés a major target cell for the bbate intracellular
L.mexicangparasite Therefore,inhibition of macrophage apoptosis is a method employed
by Leishmanigparasite to ensure their survival inside the infected host égibptosis can

be triggered through different intracellular signadlipathways that lead to cell death in order
to maintain tissue hmeostasis, regulation by inhibition or activation of these mechanisms
are under cell control. During infection with intracellular microorganisms, these same
pathways are utilized by the patifen to evade recognition by the immune system and
therefore the meroorganism can survive and multiply inside the host.

In this studythe viability of C57 and Balb/c BMDNnhfectedwith virulent P1 and avirulent
P20was assessed by tvabains:Annexin V and Pl by usinglow cytometryanalysis. In
addition, regulation of apoptotic gen@ax, BCL 2, caspase JIcaspase aspase and PD

1) was also investigated using gPORnexinV was used for detection of early apoptotic
cells and PI for estimation ofeddcells after 24 hours infectionsée the methodology in
chapter2, section 2.1, for more details)Although these genes were investigated before in
some Leishmaniaspices, theapoptotic machinery of apoptotic signalling pathways of
infected cell modwdted byLeishmaniaparasites is still uncleaVarious Leishmania
species might activate different pathwaysdifferent host cells (Cianciullet al., 2018).
Investigdion of these genes by comparing Balb/c and C57 BMDM infected with P1 and
P20 couldshedsome light on the mechanism of how parasi¢srfere withapoptosis in
infected macrophages

Recently, the role of macrophage RDreceptorhas been investigated in Balb/c
macrophages infected with donovaniand the resuitshowed that downregulatiaf PD-

1 may cause the activation of gsarvival AKT by phosphorylation thatausesnhibition of

the proapoptotic BAD protein and inhibition of apoptosis (Bbgl.,2017). Therefore, gene
regulation ofmacrophage P} receptor wamvestigated in thistady in Balb/c and C57
BMDM infected with P1 and P20 for 24 hours by gPCR.

117



However, to the best of niynowledgethere is no study that has compared the regulation
of PD-1 in Balb/c and C57 BMDM after 24 hours infection with both P1 and P20
L.mexicanaTheaims ofthis chapteareto investigate the molecular mechanisms involved

in apoptosis inhibition by comparing between susceptible Balb/c and resistant C57 BMDM

infected with virulent P1 and avirulent PRGnmexicana.

4.2 Results

4.2.1 Infectivity of P1 and P20 L.mexicanain Balb/c and C%/
BMDM

Two methods were used to assess the infectivity of P1 and.P2&icangromastigotes in
Balb/c and C57 BMDM, by manual counting of free raargulfed parasites after 2nd 24
hoursé infection by hbwemasayyt ometer and by
The results showed that the number of free@ogulfed P20 in both Balb/c and C57 BMDM
cultures was significantly less than the number of P20 cultured alone (cavttevhas no
significant difference between the number of P1 when cultatene (contr) and Balb/c

and C57 infected with P1 for 2 houfgg(re4.1) and @ppendix 7) By using Alamar blue
assay the results showed that the number of both P1 and P20 were significantly reduced after
incubation with Balb/c and C57 BMDM for 2 haufigure4.2)which suggests that both P1

and P20 were engulfed by macrophages. Aftend@#s ofinfection, there was a significant
reduction in the number of neengulfed P1 and P20 parasite compared with controls
(parasits cultured without mammaliacells).

After 2 hours ofinfection, there was a significant reduction in the number of P20 free
parasites in infected Balb/c and C57 BMDM cultures compared with P20 cultured alone
(control flasks). This reductiomdicatesthat the P20 promastigotegere engulfed by
BMDM from both mouse straingigure 4.1). After using Alamar blue, the results showed
that both P1 and P20 were engulfed by Balb/c and C57 BMDM afteuts ofinfection
(figure 4.2).

After 24 hours, there was a clear significant reductioftege (non engulfed) P1 and P20
parasites in both Balb/c and C57 BMDM suggesting efficient engulfment by macrophages
from the two mice strains. Regarding the effect of mice strains, there was no significant
difference between Balb/c and C57 BMDM, as ¢heere no significant differences in
parasite survival when interaction with Balb/c and C57 BMDM was assessed by Alamar
blue assayfigure 4.2).
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Figure 4. 1: Estimation of numbers of nonengulfed P1 and P2Q. mexicanaparasites after
interaction with Balb/c and C57 BMDM for 2- and 24-hours at 37C by using Neubauer
haemocytometer

Approximately one million Balb/c BMDM were infected with 20 xf0P1 and P20
promastigotes. All infected and control nrimrfiected flasks were incubated in 95% v/v humid
at 37°C in 5% v/v CQ incubator for 2, and 24 hours. Fregrasites were counted by Neubat
haemocytometer. Statistically significant differencesweenpairs ofgroups represented b
*p<0.05, and **p<0.01 was determined by unpairddst. The results are average of thi
independent experiments and the bagesent + error of mean.

Estimation of P1 and P20 infectivity, by measuring the survival ofemmulfed paasite

using Alamar blue after-2and 24hourspostinfection, is an objective method and it is a
more accurate estimation than haemocytomdtethe manuakounting,theremay be a
degree of confusion between the different stages of parasites aftetimca87C and the
number of P1 control may look lower than P20 by using haemocytometer, this could be due

to rate of differentiation of promastigotes to amastigotesarcéise of P{Appendix 7).
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Figure 4. 2: Estimation by Alamar blue of percentage norengulfed P1 and P2Q..
mexicanaby Balb/c and C57 BMDM after 2 and 24 hours of infection
Approximatelyone millionBalb/c and C57 BMDM were facted with 20 x1®P1 and
P20 promastigotes. All infected and control +iofected flasks were incubated in 95
v/v humidity at 37C in 5%v/v CQ; incubator for 2, and 24 hours. All media containi
nonengulfed free parasites were collected after 2 2dchours of interaction, fron
infected and control parasites alone were spun down a3 000 minutes. Pellets wer
resuspended in 30Qfresh RPMI medium 10% v/v HIFCS and transferred into 3 w
flat bottom 96 well plate 100Luin each well. 10 p of Alamar blue were added in a
wells. Plates were sealed by cling film and wrapped by foil then incubated at 25°C
hours. After incubdion, plate was read by plate reader at 570 nm and 600
Absorbance readings were calculated as mentioned irodse#nd then normalized wit
control parasite aloneStatistically significant differences betwegmirs of groups
represented by *p<0.05, px0.001. p value was determined by unpair¢est. The
results are average of three independent experiraedtste bars represent standard
error of mean.
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4.2.2 The fateof P1 and P20L.mexicana in Balb/c and C57 BMDM
4.2.2.1 Live images of Balb/c and C57 BMDM infected with P1 and P20
L.mexicana

The ability of the P1 and P20.mexicanato infect and survive inside Balb/c and C57
BMDM was investigated. Macrophages were infected with P1 and P20 anchedataily
for the presence of parasites inside macrophages for seven daythekexperiment was
setup bystaining of P1 and P20 with FITC in order to visualise pasisisgde macrphages
by fluorescent microscgp
The results of infection of Ballo/ and C57 BMDM with virulent P1 and avirulent P20
L.mexicangpromastigotes for a period of up to 7 days have shown considerable differences
in parasite infectivity, survival and multiplitan, figure4.3 and 4.5).
The pictures of Balb/c BMDM infected thi P1 and P2Q.mexicangpromastigotes for 2
hours {igure 4.3), illustrate that both P1 and P20 promastigotes were firmly
adhered/attachedo macrophages (white arrg After 24 hours, P parasites that
differentiated to amastigotes (blue arg)wvere déected outside the infected macrophage
cells. However, avirulent P20 promastigotes failed to differentiate into amastigotes (white
arrows) outside the cells. The majority of PR@rasites remained outside the macrophages
cells as promastigotes.
The picturs clearly illustrate infectivity of parasites macrophagesnternalisation and
formation of PVs inside macroppes that are infected with P1 but not P20. In addition,
after 3 and days,very few signs of infection were observed in macrophages infegted
P20, whereas macrophages infected with P1 became enlarged and roundeubtigtdable
increase in PV sizéA similar pattern of results was also observed in C57 BMDM infected

with P1 and P2Q.mexicangarasitegfigure4.4).
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Balb/c P20
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Figure 4. 3: Live images of Balb/c BMDM infected with P1 and P20 at 2 hours and 1, 3 and 7 days

Approximately one million Balb/c BMDM were infected with 20 Xl and P20 promastige in 2.5 mL RPMI 1640 medium 10% v/v HIFC
and incubated in 95% v/v humidity at 37in 5% v/v CQincubator for 2 hours, 1, 3 and 7 dagyon infected macrophages were used as con
live images were taken by EVOS microscope life technology lightsctitznsmission, 40 x objective at each time pding whitearrowsindicate
promastigotes, blue arrows indicate amastigotes, yellow aimglicsate infected macrophages aed arrows indicate P\(Scale bar
=100p).
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Figure 4. 4: Live images of C57 BMDM infected with P1 and P2Q.mexicanaat two 2 and 24 hours.

Approximately one million C57 BMDM were infected with 20 XL and P20 promastigotes in 2.5 mL RPMI 1640 medium 10% v/v HI
and incubated in 95% v/v humidigt 37°C in 5% v/v CQincubator for2 hours, 1, 3 and 7 daynoninfected macrophages wersed as
control. Live images were taken by EVOS microscope life technology light cubes: transmission, 40 x objective at eachdtifiteepuhite
arrows indicae promastigotes, blue arrows indicate amastigotes, yellow arrows indicate infected macr@pitbgesarrows
indicate PV(Scale bar = 10Qm).
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After two hours & C57 and Balb/c BMDM infection, we cannot observe infected
macrophages either with P1 or P&@me P1 but not P20 promastigotes (white arrows) were
differentiated into amastigotes (blue arrows) outside macrophages. Both P1 and P20
promastigotes (white asws)made dirm attachment to the macrophagagter 24 hours, a
clear infection in BMDM wih P1 but not P20 parasites (yellow arrows) can be observed
inside macrophagdfigure 4.3 and 4.4). P1 differentiate into amastigotes (blue arrows) and
survive ingde PV (red arrows), whereas, P20 remained in their promastigote form and
formedrosettes oside BMDM.

After 3 and 7 days, theumberof infected macrophages, as well as the number of parasites
inside macrophages, increased. In contrastntimberof PV per cell was decreased, and
the shape of macrophages became large and round due to bethgitii PV. However, no
infected macrophages with P20 have been observed uhglermicroscop&iemsa stained
images of Balb/c and C57 BMDM infected with P1 &®0DL.mexicanaat 2 and 24 hours.
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Figure 4.5: Giemsa stained images of Balb/c and C57 BMDM infected with P1 and P2
L.mexicanaat 2 and 24 hours.

Approximately one million Balb/c and C57 BMDM were infected with 20%@0 and P20
promastigotes in 2.5 mL RPMI 1640 medium 10% v/v HIFCS and incubated in 95°
humidity at 37C in 5% v/v CQincubator for 2 and 24 hour$lon infected macrophages we
used as control. All flasks were stained with Giemsa stain, imagestalene by Nikon
microscope transmission, 40 x objectives at each time paitis. blue arrows indicate
amastigotes, yellow arrows indicate infected ropbags andred arrows indicate PV.

Nonrengulfed parasisgP1 and P20) in infected Balb/c and C57 BMDM, were estimated by
manual counting and Alamar blue assay after 2, and 24 lpogtinfection The results
clearly showthat there was aignificant reluctionin nonengulfed P1 and P20 parasite

compared with entrols (parasite without mammalian cells) after 2 and 24 héigig€4.1
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and 4.2.). Live and Giemsa stained pictures did not detect whethevd?@@ngulfed by
macrophages.

Light microscope andGiemsa staining pictures demonstrated the ability of emul
L.mexicanaP1) to infect BMDM derived from both susceptible Balb/c and resistant C57.
On the other hand, the avirulent (P2Onexicanademonstrated very little to no infection in
BMDM derivedfrom both susceptible Balb/c and resistant C57.

4.2.3 Fluorescent microscopic images of Balb/c and C57 BMDM

infected with P1 and P2(0L.mexicanaafter 24 hours
In order to investigate whether P2@an infect Balb/c and C57 BMDM, P1 and P20
promastigotes were steed with CFSE and used to infect Balb/c and CBICBA for 24
hours {igure4.6 and 4.7)The results clearly show that Balb/c and C57 macrophages can
engulfboth P1 and P2promastigoted ut P20 coul dnét create PV and
survive inside racrophages. After 24 hours of infection, some daf fromastigotes
differentiate into amastigotes inside macrophagtesce, P2(promastigotes could infect
both Balb/c and C57 BMDM but failed to survive inside macrophages.
Microscopically, no infecte@alb/c and C57 BMDM were noticed afterhurs infection,
but after 2zhoursa clearinfection with P1 in both Balb/c and C57 BMDNMgure4.3) was
noticed. To confirm this, other experiments were designed to analyse infectivity of P20 in
BMDM by using FITC (CISE) labelled parasites. Interesiyghe results show that P20
promastigotesvere successfully engulfed by both Balb/c and C57 BMDM but failed to
differentiate into amastigotes and to survive in both Balb/c and C57 BMDM cells. In
addition, diffuse fluorscerceinside macrophages was obss suggesting degradation of
P20 inside macrophagefsgure4.6 and 4.7.
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Figure 4. 6: Infectivity of P1 and P20L. mexicana promastigotes in Balb/c BMDM
measured by fluorescent microscope after 24 hours

20 x 16 P1 and P20 promastigotes weéabelled with 50 ng/mo CFSE inRPMI 1640 media
containing 10% v/v HIFCS. After-hour incubation at 26, promastigotes were washedet@r
times with PBS. One million Balb/c macrophages were infected with CFSE lak
promastigotes and incubated at 95% v/v humidity & B75% v/v CQ incubator for 24 hours
Free parasitewere removed and replaced by fresh mediBhotos were taken Huorescent
microscope EVOS life technology light cubes: GH70/22 nm Excitation; 510/42 nr
Emission)and at transmission. The resultsarly showed that macrophages engulf both P1
P20 butP20 could not create PV and did not survive inside macrophages.
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Figure 4. 7: Infectivity of P1 and P20 L. mexicana promastigotes to C57 BMDM

measured by fluorescent mimscopeatfter 24 hours

20 x 16 P1 and P20 promastigotes were labelled with 50 ng /mL CFSE in RPMI 1640 |
containing 10% v/v HIFCS. After-hour incubation at 28 promastigotes were washe
three imes with PBS. C57 macrophages were infected with CleB&led promastigote:
and incubated at 95% v/v humidity at 7 in 5% v/v CQ incubator for 24 hours-ree

parasites with wole medium were removed and replaced by fresh m&tiatos were taker
by fluorescent microscope EVOS life technology light cul@&sP (470/22 nm Excitation;
510/42 nm Emissionand at transmission. The results clearly showed that macropt
engulf both P1 and P20 but P20 could not create PV and didmistesinside macrophages
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4.2.4 The fateof engulfedL.mexicanaP1 and P20 in Balb/c and C57

cs7P1

C57 P20

BMDM

20um 20um

20um

20pum

Figure 4. 8. Fate of P1 and P2Q.. mexicanapromastigotes in Balb/c and
C57 BMDM was measured by fluorescent microscope.

20 x 16 P1 and P20 promastigotegere stained with 50 ng/mL CFSE RPMI
containing 10% v/v HIFCS. After-iour incubation at 25C promastigotes wert
washed three times with PBS. Balb/c and C57 BMDM were infected with C
labelled promastigotes andcubated at 95% v/v humidity at 3 in 5% v/iv CQ
incubator for 24 hourdAfter that free parasitewere removed and replaced by fre
medium.Photos were taken by fluorescent microscope (EVOS life technology)
cubes: GFP and at transmission.
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