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1. Abstract
Cutaneous Leishmaniasis (CL), or oriental soremanly caused byeishmania
tropica and L. major in the Old World. CL due td. tropica has become a major
public health problem in different endemic foci diwerecent outbreaks in several
urban areas. The disease causet.lyopica presents varying clinical manifestations
and complications. These parasites may differ ingdsusceptibility, vector and
animal host specificities, and show considerabteetie heterogeneity.
In this study, a new diagnostic method was develofor the identification of
Leishmaniaparasites which is based on the amplificationhef tibosomal internal
transcribed spacer 1 (ITS1) region followed by Iization with species-specific
probes and colorimetric detection of the hybridsS(l-Reverse line blot hybridization
(RLB)). Using 3 species-specific probes fortropica we were able to differentiate
this parasite from the other species present inMitglle East,L. infantumandL.
major, both of which co-exist with.. tropica The assay was 10- to 100-fold more
sensitive compared to previously used detectionPGR products on gels. The
LeishmaniaRLB was used to diagnose samples from suspectepa@énts in Israel
and the Palestinian areas. In addition, the geddgrab distribution ofL. tropica
parasites was investigated in Israel, Palestinekehuand Morocco using the ITS1-
restriction fragment length polymorphism (RFLP).sparasite was shown to cause
human disease in > 15 foci in Israel and PalesBiH) localities in Turkey, and in
3/6 regions investigated in Morocco.
To facilitate further studies on the intracellulamastigote form ofL. tropica,
conditions to grow axenic amastigotes were developédferent techniques including
light microscopy, macrophage infection, stage-dmecantigen expression and
differential display were used to characterize lthéropica axenic amastigotes and
compare them with the promastigote stage thatessidthe sand fly vector, and with
tissue amastigotes that were obtained from infeatadrophages. We were able to
demonstrate that pH of 5.5 and temperatur®C36ere most suitable for generating
and maintaining long term cultures of axenic angaséis (AxA). These AXA were
morphologically similar to tissue amastigotes andl5>fold more infective than
stationary phase promastigotes. Western blot asalisowed that promastigote-
specific monoclonal antibodies to lipophosphoglycarflagella antigen were either
absent or poorly expressed in AxA, while an amastigpecific antibody reacted

strongly with the AxA. Differential display — PCRhalysis used to examine stage



specific gene expression detected amastin a gameaflp expressed by amastigotes.
Reverse transcriptase PCR (RT-PCR) was used toarentpe expression of several
genes in promastigotes, AXA and tissue amastigatbes. expression of cysteine
protease Bdpb) and amastin genes, both highly expressed indissuastigotes and
AXA, was down-regulated or absent, respectivelypriomastigotes. Conversely, the
gene for protein kinase A catalytic subunit isofotnfokacl),a promastigote stage
specific gene, was strongly expressed by the extrdar stage of the parasite and not
expressed by AxXA or tissue amastigotes. AxALotropica will be useful for high-
throughput screening of new drugs as well as fodiss on parasite differentiation,

gene regulation and metabolism.

Zusammenfassung

Die kutane Leishmaniose (CL), oder Orientbeuledwir der Alten Welt meist durch
Leishmania tropicaund L. major hervorgerufen. Erkrankungen bedingt duidch
tropica sind in letzter Zeit durch Ausbriiche in mehrerémanen Regioene zu einem
wichtigen Gesundheitsproblem in verschiedenen Emelgghieten geworden. Die
durch L. tropica hervorgerufenen Erkrankungen zeichnen sich durahievende
klinische Manifestationen und Komplikationen auge Barasiten kdnnen sich in ihrer
Suszeptibiltat gegentber verschiedenen Therapesikée ihrer Spezifitdt gegentber
Vektoren und tierischen Wirten unterscheiden und gienetisch sehr heterogen.

In dieser Arbeit wurde eine neue diagnostische bughfir die Identifizierung von
LeishmaniaParasiten entwickelt, die auf der Amplifizierungesd ribosomalen
.internal transcribed spacer 1 (ITS1)“mit anschéie@er Hybridisierung an spezies-
spezifische Sonden und kolorimetrischer Detektientybride beruht (ITS1-Reverse
line blot hybridization (RLB)). Durch die Verwendyn/on 3 spezies-spezifischen
Sonden fUl. tropicakonnten wir diesen Parasit von den anderen imldvigih Osten
vorkommenden Spezieg, infantumandL. major, unterscheiden, die beide nit
tropica koexistieren. Die Methode war 10- bis 100-fach gndbicher als der friiher
angewendete Nachweis der PCR-Produkte im Gel.LBishmaniaRLB-Test wurde
fur die Diagnostik bei israelischen und palastimseien Patienten mit Verdacht auf
CL eingesetzt. Zusatzlich wurde die geographischishfeitung derL. tropica
Parasiten in lIsrael, Palastina, der Turkei und Mewomit Hilfe von ITS1-

Restriktionsfragmentlangenpolymorphismen (RFLP)etsucht. Es konnte gezeigt



werden, dass dieser Parasit Erkrankungen des Memdoh> 15 israelischen und
paléstinensischen Foci, in 6/10 Orten in der Tldg in 3/6 untersuchten Regionen
in Marokko hervorruft.

Fur zukinftige Studien an dem intrazellularen Stadi(amastigote Form) vobh.
tropica wurden Bedingungen fur die Anzucht axenischer Amaten entwickelt.
Verschiedene Techniken, wie Lichtmikroskopie, Mairageninfektion, stadien-
spezifische Antigenexpression und der “differentisiplay”’, wurden benutzt, um die
axenischen Amastigotervon L. tropica zu charakterisieren und mit den
Promastigoten, die im Sandmiickenvektor vorkommad,den Gewebeamastigoten,
die in infizierten Makrophagen zu finden sind, zergieichen. Wir konnten zeigen,
dass ein pH von 5.5 und eine Temperatur vdi€36ar die Herstellung und Erhaltung
von Langzeitkulturen axenischer Amastigoten (AxA) &éesten geeignet sind. So
erhaltene AxA waren den Gewebeamastigoten morphsalogihnlich und > 15-fach
infectidser als Stationare-Phase-Promastigotentéfreblot-Analysen ergaben, dass
Promastigoten-spezifische monoklonale Antikorper Lfijpophosphoglykan oder ein
Flagella-Antigen in AxA entweder fehlten oder nuwhwach exprimiert waren
wahrend ein amastigoten-spezifischer Antikérperkstait den AXA reagierte. Die
,differential display — PCR”-Analyse, die fir die ntérsuchung der
stadienspezifischen Genexpression angewandt wuwdes in den AxA die
Expression eines normalerweise Amastigoten-speh#is Proteins, des Amastin,
nach. Mit Hilfe der ,reverse transcriptase® PCR (RTR) wurde die Expresssion
verschiedene Gene in Promastigoten, AXA und Gewehstigoten verglichen. Die
Expression der Gene fur die Cysteinproteasecyid)(und Amastin, beide stark in
Gewebeamastigoten und AxA exprimiert, war in Prdigaten herab reguliert oder
nicht nachweisbar. Umgekehrt wurde das Gen fir ldialytische Untereinheit
Isoform 1 der Proteinkinase AKacl),welches eirPromastigoten-spezifisches Gen
ist, durch das extrazellularen Stadium des Parastt@k exprimiert und nicht durch
AXA oder Gewebeamastigoten. AXA van tropica kdnnen fir ein “high-throughput
screening” neuer Medikamente sowie auch fur Untdrsngen zur Differenzierung,

zur Genregulation und zum Metabolismus der Parasitegesetzt werden.



2. Introduction

The leishmaniases are a spectrum of different seseaaused by more than 20
species and subspecies of parasites belonging ® dbnus Leishmania
Approximately 350 million people in 88 countriese agxposed to these parasites
which cause an estimated 12 million infections wavide [1]. The clinical
manifestation of leishmaniasis ranges from sellthgacutaneous lesions (cutaneous
leishmaniasis - CL) through metastasizing mucoadas to potentially lethal
visceral forms [2, 3]. CL threatens ~350 millionop&e with an annual incidence
estimated at 1-1.5 million cases CL and a prevaesfcl2 million people [4]. The
disability-adjusted life-years (DALY) lost due td_@re close to 1.0-1.5 million cases
each year (http://www.who.int/tdrold/dw/leish2004ni). Leishmania tropicacauses
CL and occasionally viscerotropic leishmaniasis I(Yih endemic regions of the Old
World [5, 6]. This parasitéas been isolated from the bone marrow and spleens
patients with VTL and visceral leishmaniasis (Viand from dogs with VL [7].
Visceralizing strains have been isolated from pasien Israel [8], Kenya [9], India
[10], Iran [11], and also from veterans of openatdesert storm who served in Saudi
Arabia [12, 13].

It may also cause leishmania recidivans, a recoghgsinfection that fails to heal
completely with new lesions emerging at the edgthefscar tissue. Ctaused by..
tropica usually manifests as dry, small lesions, mainigated on the face, which
leave permanent scars and serious disability daling,while lesions due td..
major tend to present as single or multipheet” ulcers.

Phlebotomine sand flies (Diptera: Psychodidae)agctector(s) actively transmitting
these parasites between human (the accidental dnodtthe animal reservoirs, though
in some cases the disease is believed to be aothwtp rather than zoonotidhe
parasite exhibits a dimorphic life cycle. The eg#lular promastigote form
developing in the midgut of the sand fly vectortr@ansmitted to human or animal
hosts by the bite of infected female phlebotomiaedsflies during their blood meal.
Promastigotes are ingested by macrophages and, inosgke, transform into the
intracellular amastigote form and multiply. Evertyghe number of intracellular
parasites increases, the host cell bursts andsedgaarasites which then infect other

phagocytic cells.



The geographical distribution df. tropica extends from India throughout central
Asia, the Middle East, and southeast Europe intadhnand equatorial Africa.
Epidemics or outbreaks due Lo tropica in heavily populated cities were recently
described in Afghanistan, Iran, Turkey and Syriaewehthey caused extensive
morbidity [14].L. tropicahas also been isolated from patients in ruralsaoédenya
[15], Palestine [16], Jordan [17] and Israel [6].the latter foci, direct transmission
between people is unlikely to occur and the parabds been isolated from rats
(Rattus rattuy and rock hyraxesPfocavia capensjssuggesting that these animals
may be reservoir hosts [18]. Unlike. major that only causes zoonotic CL,
transmission of.. tropicais thought to be either anthroponotic or zoondépending
on the local ecology.

CL caused byL. tropica in contrast toL. major, appears to be more
recalcitrant to treatment with drugs and genertdiyes longer to heal [19], [20].
Topical treatment of lesions with paromomycin/mdbeyzethonium chloride
ointment was completely successful in only 37.55%4o0f thelL. tropica patients
compared to 76 - 88% of the patients with CL causeld. major. Although systemic
and intralesional treatment with antimonial drugig¢ch as sodium stibogluconate, is
generally more successful for treating CL caused..byopica, this treatment is far
from ideal [19, 20]. In addition, resistance toimmanials has been reported in
tropica CL patients from Iran [21].

In Israel two vectorsRhlebotomus sergenéind Ph. arabicu¥ were reported foL..
tropica, representing distinct transmission cycles for tifferent genetic types df.
tropica parasites [6, 22]. In additior,. tropica intraspecific lipophosphoglycan
(LPG) polymorphisms were correlated with transnoissby differentPhlebotomus
species [23].

Leishmaniaspecies detection and identification is imporfantdisease prognosis and
prescribing appropriate treatment. Many speciesaassciated with similar clinical
pathologies, and some species cause several tlioicas of disease, thus different
CL symptoms and species may overlap. In additidnisGpreading into new regions
previously free of disease where the disease mapancecognized in primary health
clinics [6, 24]. Thus there is a need for new daresmolecular methods for diagnosis
rather the traditional ones such as microscopytueyl clinical picture or
travel/residence history, which all lack sensitivand specificity [25]. Molecular

techniques based on DNA amplification by PCR ofiass targets, either nuclear



DNA or kinetoplast DNA (KDNA), are gradually replag standard classical methods
in many laboratories [25, 26]. KDNA PCR using umsz minicircle primers is
considered the most sensitive diagnostic tool te & detecting leishmaniasis [26].
Diagnostic PCR using the internal transcribed spac€rS1) region, located between
the 18S and 5.8S rRNA genes, is a sensitive andifepenethod for detecting
LeishmaniaDNA in patients with CL or VL [25, 27]. By digestj the PCR product
with restriction enzymes, it allows identificatiof almost all pathogeniceishmania
species, thus enabling direct, rapid charactednatf the infecting parasite.

Studies onL. tropica have focused primarily on clinical description ofeahse
pathology, treatment and diagnosis or charactésizatf promastigotes, the
extracellular stage of the parasite. Few biologibachemical, immunological and
molecular biological analyses df. tropica, especially when the intracellular
amastigote stage is concerned, have been perfocoregared to othekeishmania
species.Unlike many Leishmania species convenient animal models were not
available forL. tropica until recently. Even so, development of lesionsnice, rats
and hamsters is slow or not apparent [5, 18, 28],anly few tissue amastigotes are
produced. Axenic amastigotes (AxA) which are adapti® grow underin vitro
conditions in the absence of macrophages, have desribed for manieishmania
sp. [29]. Conditions for culturingL. tropica axenic amastigotes have been also
described in brief [30], [31], but no charactenaatof these AXA was carried out.
However, this would be required for using their ajrgpotential for expanding

biological, biochemical and molecular studies amititracellular stage df. tropica

Main Objectives:

1. To enhance diagnostic sensitivity and specificitythee ITS1-PCR assay for
direct detection and identification of Old Worlceishmaniaparasites by
developing an improved detection method based dnidigation of the PCR
product to species-specific probes in a reversedint blot assay (RLB).

2. To apply and compare existing and new diagnostsayas for Old World
leishmaniasis to samples from CL patients fromedéght endemic regions in
the Mediterranean Basin.

3. To develop and characterikzetropicaaxenic amastigotes maintained in long-

term cultures.
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3. Material and Methods
3.1 Development of ITS1-PCR RLB diagnostic assay
3.1.1. Samples ardceishmaniareference strains

In total, samples were obtained from 180 patiemstferred to the Dermatology
Department of the Hadassah Hospital, Jerusalen, suspected CL between 2005-
September 2009. Sixty-seven of these samples weatgsed in our initial study [32].
All of the patients were infected in Israel or st Bank region with most of the
cases coming from Ma’ale Adumim or Kfar Adumim, twgraeli settlements 5 km
east of Jerusalem. Of these 180 samples, 80 prdduwenastigotes in culture. In
addition, four of the 105emale Ph. sergenticaught in this region produced
promastigotes, three of which were usadclassification: L747, L757, and L758. In
addition, suspected CL cases from a new focus Betlrlehem (Tekoa, Nekodim and
Herodion), 10 km south Jerusalem, were examin&@9, of which 5 cultures were
obtained.

In Morocco, tissue samples were taken from 27 petiwith suspected CL that came
from different parts of the country.

In Turkey, a total of 77 samples, 37 promastigatkuces and 40 tissue smears on
slides, obtained from patients suspected to havew€te received from various
localities in Turkey between the years 2006 and82&@d were examined by ITS1-
PCR followed by RFLP.

For DNA extraction, specimens were cut from filpaper with a disposable sterile
scalpel and incubated in 250 pl cell lysis buffer i hour at 58. DNA was
extracted with the High Pure PCR template prepamakit (Roche Diagnostics
GmbH, Mannheim, Germany), following the manufactigrenstructions. The DNA
was kept at -AT until use.DNA extraction using stained slides and cultures wa
performed as described Bghonian et al. [27].

The following strains were used as positive costatlappropriate stagds:donovani
MHOM/IN/1980/DD8, L. infantum MHOM/TN/1980/IPT1, L. tropica
MHOM/SU/1974/SAF-K27].. major MHOM/SU/1973/5ASKH.

3.1.2 Internal transcribed spacer 1 PCR - RFLP

Clinical samples were analyzed by ITS1-PCR usirggghmers: LITSR and L5.8S

(400 nM each) [33]. The reaction was carried oumngithe PCR-Ready Supreme mix
(Syntezza Bioscience, Jerusalem, Israel) ipnl2%otal reaction. The amplicons, 300-

350 bp, were analyzed on 1.5% agarose gels byr@bdresis at 100 V in 1X Tris-
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acetate- EDTA buffer (0.04 M Tris acetate and 1 BDITA, pH 8.0) and visualized
by UV light after staining with ethidium bromide.80ug/ml). GeneRuler DNA ladder
Mix (Fermentas, MBI) was used as DNA molecular nearlmplification conditions
were as described previously [33].

PCR products (8-15 pl) were digested wBisWRI (Fermentas, MBI), aHadll
prototype according to the manufacturer’s instautdi The restriction fragments were
analyzed by gel electrophoresis at 120 V in 1X-Tacetate- EDTA buffer (0.04 M
Tris acetate and 1 mM EDTA, pH 8.0) on 4% agarosks gFMC Bioproducts,
Rockland ME) and visualized by UV light after siam with ethidium bromide (0.3
pg/ml). The size of the restriction products watedeined

3.13 ITS1-PCR followed by RLB

We took advantage of polymorphic DNA sequences@ITS1 region to develop a
reverse line blot hybridization assay (RLB) thdbwk the identification of multiple
Old World Leishmaniaspecies simultaneously. Several species-speaifiogs were
designed [32] and covalently coupled to negatiaiigirged membranes (Biodyne C;
Pall Life Sciences, MlI) that were activated as dbsd by Kong et al. [34].

Prior to use the membranes were rotated 90 degwes€ut into 0.5 cm strips such
that each strip contains parallel lanes from eacbhe These strips were washed and
incubated separately at 46°C for 30 min in hybaton buffer (30 mM sodium
citrate-0.3 M NaCl [pH 7.0] [2x SSC] containing %l1sodium dodecyl sulfate
[SDS]). ITS1-PCR was carried out using thHébitinylated primers LITSR (BCTG
GAT CAT TTT CCG ATG-3) and L5.8S (5TGA TAC CAC TTATCG CAC TT-3
essentially as described by Schonian et al. [2[g Biotinylated PCR products (20
ul) were boiled for 10 min and rapidly placed on & min). Hybridization was
carried out by adding one PCR product per strip ml 2x SSC-0.1% SDS buffer for
1 h at 46°C. The membrane strips were then wasligdOw5x SSC-0.1% SDS for
30 min at 46°C and incubated with streptavidin agajed to horseradish peroxidase
(2:3,500 dilution in 2x SSC-0.1% SDS [Roche, F. fHainn-La Roche Ltd. Basel,
Switzerland]) for 20 min at room temperature. Afiteat the strips were washed three
times, for 2 min each time, at room temperaturén Wik SSC-0.1% SDS and then
three times with 0.1 M sodium citrate buffer (pHD)5.The positive reactions were
detected after 10 min with a solution containing’,3,5-tetramethyl benzidine (0.1
mg/ml; Sigma Life Science) in sodium citrate buféentaining 30% kD, (1/10,000

dilution).

12



3.2 Production and characterization of Leishmania tropica axenic amastigotes
(AXA)

3.2.1 Optimization of conditions for the growthAstA

The L. tropica strain (MHOM/IL/1990/P283, LRC-L590) was typé&y serological,
biochemical and molecular techniques [3Bfomastigotes were grown at 26°C in
M199 or RPMI 1640 media plus 10% heat inactivatetaFCalf Sera (FCS), pH=
6.88 (M199+ medium, [30]). Axenic amastigotes (Ax#gre cultured in RPMI 1640
supplemented with 10% FCS as described by Debrabaht ([30], RPMI+ medium).

The final pH of the medium was adjusted to 5.0.6rd& each temperature examined

and the pH effect was evaluated based on growtreaireach condition. Amastigote
cultures were passaged once a week by 1:10 or dii@fons in 5 ml medium
according to their growth and cell density [36].

3.2.2 Characterization of AXA

For light microscopy, parasite cultures were Gierstsaned and examined using a
light microscope (Olympus Optical, NY, model BX68)1000 magnification and
captured by Olympus DP1 camera.

Ability to infect mouse BALB/c peritoneal macroplesg(M®) for both stages was
determined using eight-chamber tissue culture sl{tab-Tek Brand Products, USA)
as described [37]. Data analysis was done usirsgrP4i0b. Intracellular amastigotes
of L. tropica were prepared by infecting the human acute momoégtikemia cell
line (THP-1) essentially as described [38].

Promastigote and AxXA antigen expression was exambeWestern blotting [39]
using monoclonal (mAb, 1:1000 dilution ascites djuior rabbit antibodies (rAb,
1:2500) to different antigens including lipophosglygsan (T2), a 60 kDa flagella
antigen (F3) and an amastigote specific molecul6)T40]. Parasites from each
stage were prepared for Indirect immune fluoresedii€A) essentially as previously
described [41]. The slides were incubated for 3@ MRIT (1:1000 dilution) with
ascites fluids from either mAb F3, M2 or T3 [41]4nages were captured using a
fluorescent microscope (Axioplan 2 Imaging, ZeiG®ettingen, Germany) X 1000
magnification and using an Olympus DP1 camera.

cDNA was prepared from promastigotes, AXA and oehallar amastigotes for the
differential display assay and reverse transcrgptapolymerase chain reaction (RT-
PCR) as follows. RNA was isolated using the TRIgeed kit (Sigma, USA) and

13



treated with DNAse (Promega, USA, 1 Ug RNA). Double strand cDNA was
synthesized at 46Gor 1 hr using 50 U of RTase enzyme; (ABgene HpUB®).

For the differential display assay the cDNA wastkgsized from late logarithmic
stage promastigotes and AxA as mentioned aboveifigpgequences were amplified
by PCR using radioactiv&[P]-dTTP and different primer pairs (see table EdA
sequences). The 5-spliced leader primer, LEISLAs waired with different 3’- end
primers, either an anchored oligo-dT primer (LEIRTIEIRTC or LEIRTA) or a
degenerate primer found in the 3'-untranslatedoredi3'-UTR) associated with
several amastigote specific genes [43]. Radiodadedmplicons from promastigotes
and AxA were separated on DNA sequencing gels aatyzed by radio-autography.
Bands showing stage specific differential expressiwere excised from the
sequencing gels, cloned and sequenced. DNA sequevere blasted against the
major (MHOM/1L/1980/Friedlin) genome

(http://www.sanger.ac.uk/Projects/L_ma)oand National Center for Biotechnology

Information (NCBI) database.

Stage specific gene expression by reverse tramasep- polymerase chain reaction
(RT-PCR) was done as follows. For all stages, cDM#s produced as described
above. RT-PCR was done using primers (DNA sequemaae as described by
Nasereddin et al. [44]) for the following genesotpin kinase A catalytic subunit
isoform 1 (pkacl)[45], L. tropica amastigote specific gene identified by differeintia
display PCR I(taasp = amastin} [L. tropica, Accession No. EU68361éhis study],
cysteine protease B§b)[38], and a- tubulin Accession No. XM_001681731. The
gels were analyzed with NIH Image Version 1.61 agehe expression was
normalized based on the amount of cDNA includeth@reactions. Negative controls
for the PCR [nd.. tropicaRNA or DNA] and for the RT-PCR[ tropicaRNA rather
than cDNA] were also included. tropicaDNA was used as a positive control for the
PCR.
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4. Results

4.1 New molecular tool for the diagnosis ofLeishmania tropica and other Old
World Leishmania species

4.1.1 Development of the ITS1-PCR-RLB

ITS1-PCR followed by RFLP or RLB was carried outidentical samples in order to
compare the specificity and sensitivity of the tmethods of species identification.
For preparing the Biodyne C membrane, the optiraatentration for probe coupling
(3 pmolful) was determined by cross titration using 10ubd/. major or L. tropica
DNA in the ITS1-PCR which was then followed by REB.

The sensitivity of both ITS1-PCR methods was comgarsing decreasing dilutions
of LeishmaniaDNA. PCR products prior to RFLP analysis were lgagéetected by
gel electrophoresis down to 100 pigL. major or L. tropica DNA, and faint bands
were still visible at 10 pgl DNA. Detection after restriction enzyme digestivas
less sensitive. Hybridization to species specificbps in RLB was at least 10-fold
more sensitive and clearly detected at least I @yNA.

The sensitivity of the thred.. tropica probes (RLtP, LtE1l, and LtP28a) was
determined and compared. Probe LtP28a had thedtighasitivity, easily detecting a
PCR product at 0.06 pg/ DNA. RLB with this probe was at least 166-fold rao
sensitive than detection of the ITS1-PCR producgélyelectrophoresis and ethidium
bromide staining.

The probes specificities were determined by checkirt§1 RLB with different Old
World leishmanial DNAs (two strains each) af: major, L. tropica L. infantum L.
donovanj andL. aethiopica L. guyanensisa New WorldLeishmaniaspecies, was
also included. Théeishmaniagenus-specific probe PRfave a strong signal with all
Leishmaniaspecies tested. All species-specific probes, extmptwo L. tropica
probes, were highly specific, hybridizing only wBCR products of the same species.
TheL. tropicaprobes hybridized to PCR productsloftropica, but not to those df.
major, L. donovanj or L. infantum The probes, RLtP and LtP28a, did however, also
hybridize to PCR products amplified from aethiopicaDNA. Comparison of the
ITS1 DNA sequences df. tropica andL. aethiopicashowed that the RLtP probe
sequence is present in both species; however 28kt sequence was found only in
L. tropica Thus it is not surprising that RLtP recognizes ABmplified from L.
aethiopica but the reason for the unexpected hybridizatibhtB28a to this PCR

product is unclear. Despite the cross-reactiontBfBa and RLtP with. aethiopica
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DNA, these parasites were easily distinguished ftortropica by theL. aethiopica
probes which reacted only with the latter speclegjether these results demonstrate
that a set of species-specific probes is availtblee used in RLB for identification
and distinction of Old World.eishmaniaspecies.

In a first study, the ITS1-PCR-RLB system was agplio 67 suspected CL patients
from Israel and the West Bank. ITS1-PCR-RLB ideatif 61 (91%) of them as
positive for leishmaniasis. The results of ITS1-PREB were compared to that of
kDNA PCR which is considered to be the most seresitmolecular test for
leishmaniasis but does not allow for species idieation. The agreement between
the two tests based on a comparison of consensisvpcand negative samples, C-
pos and C-neg, respectively, was excellent with btsh kappa coefficient being
0.925 + 0.146 [32]. The positive predictive validy) and negative predictive value
(NPV) for the ITS1-PCR-RLB test were 98.3 and 10Q%spectively. The main
advantage of the ITS1-PCR-RLB over KDNA PCR is atslity to identify the
differentLeishmaniaspecies.

These results have been published in the folloyagger

A. Nasereddin, E. Bensoussan-Hermano, G. Schonian, G. Baneth, (affe,
Molecular diagnosis of old world cutaneous leishiaais and species identification
by use of a reverse line blot hybridization asskyrnal of clinical microbiology 46
(2008) 2848-2855.

4.1.2Molecular epidemiological studies in different Gicf in Israel, the Palestinian

Authority, Morocco, and Turkey

Parasites from CL patients from different enderamions in the Mediterranean Basin
were characterized in order to determine the péagenof CL caused bly. tropica
parasites in different areas. In a previous stadgtliael and the Palestinian Authority,
28/66 (42.4%) of the samples examined werdropica [27]. More recently, 144
samples from suspected CL cases originating frontlages and the city of Tiberias
near the Sea of Galilee [6] were tested. Of th&8ewere clinical specimens and 23
cultures from suspected human CL cases, 6 culftoasinfected sand flies, and 102
clinical specimens from hyraxes. All positive cuéts from humans as well as from
sand flies were shown to e tropica Eleven of the 102 hyraxes were positive by
ITS1-PCR and the parasite species was identifidd aepica[6, 46]. When samples

from CL suspects from Ma'ale Adumim and Kfar Adumiisraeli settlements 5 km
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East of Jerusalem) [35] and P'duel settlement wardied, all ITS1-PCR products
amplified from human and sand fly samples provedéd.. tropica Finally, L.
tropicawas identified as the causative agent for CL iruBhaén cases that occurred in
a new focus near Bethlehem city (Tekoa, Nokdim Hiedodion), 10 km south of
Jerusalem. The species causing CL in several weNvk Palestinian foci
(Bethlehem, Bethany, Jericho (Jericho and Wadi Zby Jenin -8 sites-, Tubas,
Nablus) was identified ds. tropica

A case of leishmaniasis recidivans was recordedRalestinian Bedouin child during
this study. The patient received several differeaatments (direct or intralesional
sodium stibogluconate) for 14 months however, tbdufes did not heal. A severe
and destructive nodular pathology was observed.nithe parasites were isolated the
causative agent was typed lastropica This was the first case of CL recidivans
recorded in the Jericho district which was thoughlbe a classical focus af major
and fromwhereL. tropicawas reported only recently.

As part of these epidemiological studies, tissua@as were obtained from 27 CL
suspects living in 6 different regions of Morocemrth (Sidi Kacem), center (Beni
Mellal and Boulemane), southeast (Errachidia), awdithwest (Taroudant and
Ouarzazate). Almost 50% (13/27) of the PCR possamples from central and south
Morocco were due th. tropica CL due toL. infantumwas identified in one region in
the center of the country, while 2 foci bf major were confirmed in the south of
Morocco [47].

In Turkey, L. tropica was identified in 37 (48%) of the 77 CL specimdrmm
different endemic regions. In the remaining 40 gra8 (52%) CL was caused hy
infantum CL caused byL. tropica was distributed all over the country (Toz and
Nasereddin et al., this research study), whilenfantumwas found only in southern
Turkey in Hatay region. As yet,. infantumstrains have not been isolated from
patient’s skin lesions.

These results have been published in the followaygers:

- S. Ozensoy ToA, Nasereddin, Y. Ozbel, H. Ertabaklar, G. Culha, N. Sevil, Z.
Alkan, C. L. Jaffe, Leishmaniasis in Turkey: Molacucharacterisation of
Leishmania from human and canine clinical sample®p Med Int Health (2009)
14:1401-1406.

- M. Rhajaoui,A. Nasereddin, H. Fellah, K. Azmi, F. Amarir, A. Al-Jawabreh,
S. Ereqgat, J. Planer, Z. Abdeen, New clinico-epidimgic profile of cutaneous
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leishmaniasis, Morocco, Emerging infectious diseds® (2007) 1358-1360.
- A. Al-Jawabreh,A. Nasereddin, Leishmaniasis recidivans in a Palestinian
Bedouin child, Skinmed 6 (2007) 250-252.

4.2 Cultivation and characterization of Leishmania tropica axenic amastigotes

AXA for severalLeishmaniaspecies have been generated and culturedtro by
mimicking those environmental signals, temperataumré pH, that parasites encounter
in the macrophage (W) phagolysosomal vacuole. Promastigotes were &amsf to
RPMI+ medium at 3& and pH 5.5. The parasites continued dividing a8d% of
the cells differentiated within 2-3 passages inbonmfs that were morphologically
similar to amastigotes. Parasite morphology in ¢hture was examined daily by
inverted light microscopy and subsequent Giemsaista By light microscopy, the
AXA appeared oval shaped with the flagellum absemtuncated, similar to what was
observed forL. amazonensis, L. mexicanand L. pifanoi axenic and tissue
amastigotes [48, 49]. These AxXA converted back ftagellated promastigotes by
diluting (1:10) in M199+ medium, pH 6.88, and inatibg at 26°C.

The percentage of infectedd@using AXA was consistently higher than that when
using promastigotes regardless of the infectionoramployed. In a typical
experiment (5:1 parasite® ratio) AxA infected >7 fold more macrophages than
promastigotes, 52 = 3.6% versus 7 + 0.6% infecteatrophages, respectively.
Likewise, the number of parasites per infected Mlas higher when AxA rather than
promastigotes were used (2.3 £ 0.09 versus 1.0& pPer Mb, respectively). Total
M® parasite load was 15.5-fold higher if AXA rathlearh promastigotes were used to
infect the macrophages under these conditions (rethd test, p< 0.01). When
instead a 10:1 parasite®ratio was used, total ¥ parasite load was 5.2-fold higher
with AxA, also significantly higher than that founging promastigotes (unpaired t
test, p< 0.01).

IFA and Western blotting were used to examine tkpression of stage specific
antigens on the parasites. The monoclonal antilfodb) T3 was used as a positive
control, since it was previously shown to reactwit major promastigotes as well as
amastigotes isolated from BALB/c mice, and to cnassct withL. tropica [42]. As
expected, the flagella specific mAb F3 [50] onlacted with promastigotes and no

staining of AXA was observed. Staining of the pretigotes was evenly distributed
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over the full length of the flagellum. No stainirg L. tropica promastigotes or
amastigotes was observed usinglthamazonensispecific mAb M2.

The reaction of several Abs with both promastigeied AXA was examined by SDS-
PAGE and Western blotting, these included: T2, odhosphoglycan (LPG)
promastigote specific mAb [42]; F3, an anti-flagelmAb; T16, an amastigote
specific mAb [40]; rabbit anti-HSP83 andtubulin present in both parasite stages
[51]. An equal number of cells was used for eaelgest(5 x 18 cells). The anti-LPG
and -flagella antibodies showed strong specificctieas with promastigotes,
approximately 10.9- and 3.35-fold higher than véthastigotes, respectively. For T2,
a broad band at approximately 70 kDa and a secaakev band at 60 kDa were
seen. F3 also recognized a doublet in promastigeitésa prominent band at about
60 kDa and a second weak band at 50 kDa. The ayjotestpecific mAb T16 reacted,
as expected, with a distinct 60 kDa band only daethe AXA stage. The positive
control, Ab against HSP83, showesdsentially the same reactiwofith either stage of
L. tropica parasite, 1.03-fold amastigote:promastigote, g®rted forL. donovani
AxA and promastigotes [52].

For differential display, cDNA was synthesized gsih primer sets containing the
same 5’- spliced leader primer, but a different @kner. Anchored oligo(dT) 3'-
primers were used in three of the primer sets,enhié fourth 3’-primer was based on
a 3- UTR region found adjacent to several amagtigsiage specific genes [43].
Overall the pattern obtained using AxA or promastegcDNA for each oligo(dT)
primer set, for instance LEISL1 and LEIRTC, was ilm However, differences
could be noted between promastigotes and AxA inirtkensity of some amplified
bands. Differences in the size and intensity of Hamds amplified using each
oligo(dT) primer set were also apparent. While anfgw bands were amplified using
the spliced leader (LEISL1) — 3-UTR primer paiwvesal distinct differences between
promastigote and AXA cDNA were apparent. One AxA&csioc DNA band [taasp
was eluted from the gel, re-amplified, and partialequenced. The 230 bp DNA
sequence_(EU68361§.bbtained showed 84% identity (170 / 202 bp) wiie 3'-
UTR region of the amastin-like surface protein gefrem L. infantum(AF19553)
on chromosome 34.

Several genes have been shown to code for prorotestand amastigote stage-
specific proteins. These include protein kinaseafakytic subunit isoform 1pkac]),

the cysteine proteinasesp@/b [53] andamastin[54]. Expression of thekacland
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cpbgenes, as well as the tropicaamastin orthologltaasp, was compared between
the differentL. tropica stages Expression ofa-tubulin was included as a positive
control. Expression was normalized based on theuamaf cDNA included in each
reaction. The expression of tp&aclgene in promastigotes was 2.80 = 0.17 higher
than that observed in AxXA. On the other hawogb gene expression was either
extremely weak or not observed when cDNA from prstigates was used, and at
least a 3.10 £ 0.16 - or 6.44 = 1.12 - fold inceeasexpression was measured when
cDNA from AxA or infected THP-1 cells (iTHP-1), nesctively, were used. RT-PCR
was also carried out using primers to théropicaamastin gene_(aasp. The 200 bp
amplicon was only seen when axenic amastigotesTéiPil cells containing
intracellular amastigotes were used, and no PCHugtowas observed when either
promastigote or THP-1 cell cDNA was used as terpRT-PCR using cDNA from
THP-1 cells as control was negative when primergHe other leishmanial genes,
tubulin or cph, were used. Likewise, RT-PCR using promastigoteA ATHP-1 or
THP-1 RNA was negative in all reactions.

These results have been published in the folloyagger

A. Nasereddin, C. Schweynoch, G. Schonian, C.L. Jaffe, Characteoiz of
Leishmania tropica axenic amastigotes. Acta Trdil(® 113:72-79.

5. Discussion

5.1 New molecular tool for the diagnosis ofLeishmania tropica and other Old
World Leishmania species

ITS1-PCR followed by RLB takes advantage of theypwrphisms in the ITS1
region to identify Old World Leishmania species. Detection of a positive
amplification reaction via hybridization of the biylated PCR product to species-
specific probes and subsequent signal amplificaticreases the detection limit 10-
to >100-fold over that of RFLP. The sensitivity tife PCR RLB (98.3%) was
comparable to that obtained using the kDNA PCR #p@nd significantly better
than that of the ITS1-PCR-RFLP. ITS1-PCR-RLB detdcseveral positive patients
missed by the PCR-RFLP assay. In addition, the Bu&essfully characterized the
Leishmaniaspecies in ~90% of the positive cases, also qoifg reactions observed
with the genus probe, compared to 84% of positi@ses that were identified by
RFLP. All of the CL patients examined during théidation of the PCR-RLB assay

were infected with eithel. tropicaor L. major [32]. Studies in foci where other Old
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World species, such as infantum L. donovanj or L. aethiopica are endemic would
be useful for further validation of the RLB assay.

Colorimetric or chemiluminescent substrates carused interchangeably, allowing
direct detection of the reaction product. TleshmaniaRLB is simple to carry out
and, except for a PCR thermocycler, does not requiy additional equipment for gel
electrophoresis, UV detection, image capturingoordisposal of ethidium bromide, a
carcinogen. Analysis of the PCR reaction produd determination of the parasite
species in positive samples required 1/3 less tiREB takes <2 h) than PCR
followed by RFLP. In addition, there exists theguital for further simplification of
the RLB technology by adapting it to PCR-oligochetagraphy and developing
dipsticks, similar to those used to detect animadl dauman trypanosomes or
toxoplasmosis, where detection can be obtainedirwBhmin of completion of the
PCR. This would further simplify the analysis of @mples. This diagnostic test will
be useful for epidemiological studies where largenber of samples need to be

screened.

5.2 Leishmania tropica molecular epidemiology

The epidemiology of CL caused hytropicahas not been fully explored. We applied
molecular biological techniques for leishmanial@es identification in collaboration
with research groups in Israel, Palestine, Turkay llorocco. Our results show that
> 50% of human CL cases in these countries areedabg L. tropica which is
significantly higher than previously recognized.

In Israel and the Palestinian Authority, CL caubgd.. tropicais spreading into new
areas and encroaching on urban populations insc#gch as Tiberias, Ma'ale
Adumim, Bethlehem (Tekoa, Herodion and Nokdim),Hety, Jericho, (Jericho and
Wadi Elbazan), Jenin (8 sites), Tubas, Nablus.tropica foci are expanding,
primarily in the center and north of both Palestamal Israel. This may be due to
changes in the local ecology due urbanization gntw@tural development. Housing
construction, irrigation and other changes in thwirenmental and ecological
conditions have produced favorable habitats nearamudwellings for rock hyraxes, a
protected animal, which was shown in previous ssiddly PCR to be a putative
reservoir host foL. tropica[46]. This has lead to an increase in the hyrgpugation
and created favorable conditions for parasite trassion by bringing the infected

hyraxes, sand flies and humans into close contactuging a peridomestic cycle of
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transmission. We conclude that CL dueltaropicais a dynamic disease, while
major appears to be primarily restricted to old focitsas Jericho.

Our study in Morocco indicated that CL causedLbyropicais found in 50% (3/6
regions) of the foci examined that are locatedhm ¢entre of the country stretching
from the Atlantic Ocean along the length of thea&tiIMountains almost to the
Mediterranean Sea. CL causedlbymajoris present in the desert region south of the
Atlas Mountains in a strip bordering the Saharadbiesn addition, and for the first
time, we reported that CL due Ito infantumexists in specific regions of the country.
In Turkey CL due toL. tropica is widespread throughout the country and was the
most common cause of CL. No CL focus dud.tanajor was identified. However,
just as in the case of Morocco, we showed for its¢ fime that in Hatay province in
southeast Turkey, human CL was duelLtanfantum not L. tropica as previously
thought. This, together with a previous report dbaocus ofL. infantumCL in
Cukurova [55], indicates that this parasite is oesible for CL over a wider area in
Turkey than originally believed and that speciegnidication is important in
diagnosing this disease. In summary, it appears tiha species (. tropica L.
infantun) are responsible for the majority of endogenousa@dl VL cases in Turkey.

In this study, we show that ITS1-PCR followed bylLRFor RLB is a reliable method
for diagnosis and identification of tHeeishmaniaspecies causing CL in different
countries in the Mediterranean Basin i.e., TurkRdgrocco, Israel and the Palestinian
Authority. L. infantumandL. tropica occur together in several endemic foci and the
identification of the parasite species is importaott only for the appropriate therapy,
but also for understanding the epidemiology of dieease and parasite behavior in
different areas of endemicity.

5.3 Leishmania tropica axenic amastigote (AxA) transformation, culture aml
characterization

L. tropica is a neglected leishmanial specieespite the fact that it causes CL
throughout North Africa, the Middle East, AfricadaAsia where it is responsible for
epidemic outbreaks of urban disease. This spesiemsidered to be a potential
threat to Europe since it has been identified ireeée [56] and its vectoPl.
sergent) was found in several places in southern Europeluding Spain [57],
Portugal and Cyprus [58]. It is responsible for hb@nthroponotic and zoonotic

leishmaniasis, and is more resistant to treatnfemtlt. major species that causing CL

22



in the Old World [6]. The availability of AXA forhis species, for which efficient
animal models are lacking, would facilitate studi@s drug screening, parasite
biology and differentiation.

Optimal conditions for the growth and differentoati of L. tropica AXA were
identified, pH 5.5 and 3€, and found to be similar to those reported fdreot
species, pH 4.5 - 7.2 and 31 -°G7[29]. L. tropica promastigotes required
temperatures higher than amazonensis order to convert into AxA, but unlike.
donovaniandL. infantumwere sensitive to core body temperatures.

L. tropica AXA showed many molecular and biological markerpidsl of tissue
amastigotes. Macrophage infectivity with AXA was.8.5old higher than with
promastigotes and similar to that described forsdipates [59]. Amastigote-specific
biological and antigenic markers, and genes spadlfi expressed in the amastigote
stage were appropriately up-regulated in AxA simila what was reported for
amastigotes from other species. Conversely, progustspecific markers and genes
were down-regulated in AxA accordingly. Westernttahg using an anti-LPG mAb
(T2) showed a major decrease in LPG expressioh.lyopica AXA compared to
promastigotes. This was accompanied by atrophyl@wlof the flagellum, observed
both microscopically and by western blotting withn@b (F3) against proteins
located in the paraxial rod of the flagellum [5@oncurrent expression of an
amastigote stage specific antigen (T16) lhytropica AXA was observed, as in
intracellular amastigotes @f. major, L. mexicanaandL. donovani[40]. Differential
display PCR, using several sets of primers, wad tseompare and identify specific
gene expression irL. tropica promastigotes and AXxA. Interestingly, the pair
containing the 3’-UTR 450 nt amastigote regulatelgment amplified significantly
fewer products than the oligo dT anchored prim#s. Skhis might be due to either the
limited number of this element in the genome (8%..irmajor) or to the only 60 to
70% identity shared by different 450 nt conservedugences. However, differential
display PCR and RT-PCR identified at least one gameastin containing this
sequence that is differentially expressed in thetropica amastigote stage. The
amastin gene was previously shown to belong tagelgene family, the majority of
which are differentially expressed by intracelludenastigotes ofeishmanig54]. It
can be used as a marker fortropica AxA, similar to the A2 gene fokt. donovani
AXA [60]. In order to further demonstrate the sianily between thé.. tropica AXA

and intracellular amastigotes, we used RT-PCR ftaraddterize the expression of
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several known stage-specific genes includopdp, pkacl and amastin Leishmania
cpbis a multi-copy gene family with variable copy nuend depending on the parasite
species [53]. Its expression is strongly up-regulah amastigotes &f. mexicanaand

L. pifanoi and also in amastigotes (6.44 + 1.12 fold) ané A% 10 + 0.16 fold) oL.
tropica as shown in this study). On the other hgmdyclis more strongly expressed
by L. tropicapromastigotes compared to AxA, similar to what haen demonstrated
in L. major and L. donovani where this gene is preferentially expressed by
promastigotes [45]. Lastly, we confirmed that #mastingene is indeed specifically
expressed by AxA and amastigotes as shown by diffed display PCR.

In conclusion, optimal environment was establisf@dculturing L. tropica AxA.
Different molecular parameters were used to cheriaet these parasites and to
identify an amastigote stage-specific geamastin L. tropica AXA will be used in

future studies on drug screening and on stage{fspewtabolic processes.
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