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No. Solicitud Internacional PCT/FR2006/000587
Fecha de Presentacion Internacional 17 Marzo 2006

Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de
la Decisidn 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcién: Folios 59 a 104 18/Septiembre/2007
Reivindicaciones: Folics 105 a 112 18/Septiembre/2007
Folios 109 a 115 18/Septiembre/2007
Secuencias; Folios 121 a 124 18/Septiembre/2007
Dibujos: Folios 114 a 120 18/Septiembre/2007
Prioridad: FR 5002725 18/Marzo/2005

2. Analisis de la Prioridad

Se acepta la reivindicacién de prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486), y su contenido técnico corresponde con el de fa
prioridad reivindicada.

3. Modificaciones (Art 34 D 486 y Art 19, 22 y 34 PCT)

Se aceptan las modificaciones a las reivindicaciones en los folios 109 a 115, puesto
gue no amplian la materia, y sobre este capitulo se hara el analisis de patentabifidad.

4. Objeto de la invencidn

Tiulo de la solicitud: "“Composicién que comprende la regidn N-terminal de la histona
HZB de leismania-uso para inducir una respuesta inmunitaria”

El problema planteado en esta solicitud consiste en la necesidad de suministrar
composiciones Utiles para tratar Leishmania.
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Para resolver este problema técnico la solicitud en estudio proporciona una
composicion que contiene: i) un polipéptido antigénico que consiste en un fragmento
de la proteina histona, dicho fragmento incluye la regién N-terminal de la proteina
H2B, y ii) un adyuvante gue estimula la respuesta inmune.

El objeto de la presente Solicitud se retaciona con la Clasificacién Internacional de
Patentes (CIP): AB1K39/008; C07K14/44

5. No es una invencion (Art 15 D 486 literal (b))

Ei objeto de las reivindicaciones, 17 a 20, 24, 38, 40 no se considera una invencion,
de acuerdo con el Art citado, ya que corresponde a aislamientos de proteinas o
acidos nucleicos de H2B de Leishmania (ver secuencias folios 121 a 124 y
descripcion folios 65 a 67)

6. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de la reivindicacién 34 no es patentable de acuerdo con el Art citado, ya que
corresponde a un método de tratamiento.

7. De la Solicitud de Patente

Titulo

El titulo debe modificarse teniendo en cuenta que no es posible patentar un uso de
acuerdo con Art 14 y 21 D 4886.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

- Las reivindicaciones 1a 5,9 a 12,20 a 23, 24, 25, 30 a 33 no son claras por
que no definen inequivocamente los péptidos o acidos nucleicos que hacen
parte de la composicién o vacuna reclamada. Se recuerda al solicitante que
cualquiera de las macromoleculas mencionadas debe ser caracterizada por su
secuencia completa, la cual ademas debe ser adjuntada en un listado aparte
con su respectivo SEQ ID NO, y que no se aceptan definiciones indicando
porcentajes de homologia, o por la supresion adicion de aminoacidos, puesto
que esta definicion no permite establecer la secuencia aminoacida o
nucledtida exacta a la que se refiere.

- Las reivindicaciones 6, 26, 27 no son claras por que definen e! adyuvante
reclamado por un resultado a alcanzar y no por su estructura.

- Lasreivindicaciones 8 y 29 no son claras por que definen el segundo antigeno
de la composicién o vacuna por un resultado a aicanzar y no por su estructura.

- Las reivindicaciones 14, 15, 35, 36 no son claras porque no definen Ia
composicion inmunogénica o vacuna por los compuestos que hacen parte de
la mismas, sino por un resultado a alcanzar

- Lasecuencia peptidica reclamada en la reivindicacion 20 debe citarse por su
SEQ ID NO correspondiente.

- La secuencia nucledtida reclamada en la reivindicacion 24 debe citarse por su
SEQ ID NO correspondiente.

- Las reivindicaciones 38, 39 y 40 no son claras por que no especifican la
secuencia nucleétida exacta que corresponde a la porcién carboxilo terminal
de la proteina H2B.

- Las reivindicaciones 4, 5, 21 y 22 que se refieren a péptidos donde algunos
aminoacidos (no especificados por el solicitante) son sustituidos, eliminados o
agregados no tienen sustento en la descripcion, donde se mencionan y
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prueban la efectividad solamente para composiciones que contienen péptidos
truncados ACB5 y AN46 para H2B (folic 86)

- Lasreivindicaciones 8 a 12 y 29 que reclaman una composicién antigénica que
contiene por lo menos un segundo antigeno de Leishmania no tienen sustento
en la descripcion, ya que si bien son mencionados en el folio 77 no existen
pruebas en los ejemplos de que dichas composiciones hayan sido obtenidas y
se haya probado su efecto.

8. Determinacion del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacion de la

solicitud de prioridad: 18 Marzo 2005, y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

ftem Documento Titulo Fecha de .
Publicacién
Leishmania antigens for use
D1 US20022081320 | in the therapy and diagnosis | 14 Noviembre 2002
of leishmaniasis
Antigenicity of the
Clin Exp Leishmania infantum
D2 Immunol; histones H28 and H4 during 1999
115:342-349 canine viscerocutaneous

leishmaniasis

D1 divulga composiciones y métodos para la prevencion, tratamiento, estimulacion de
la respuesta inmune y diagnéstico de feishmaniasis. Los compuestos divulgados
contienen polipéptidos que contienen al menos una porcion de uno o mas antigenos
de leishmania. También describe vacunas y composiciones farmacéuticas que
contienen dichos polipéptidos, o polinucleotidos que codifican dichos polipéptidos, las
cuales pueden ser usadas por ejemplo en la prevencidn, diagndstico y terapia de
feishmaniasis,

http://worldwide espacenet.com/publicationDetails/description?CC=WQ&NR=200504
4301A28KC=A2&8FT=D&ND=38date=20050519&DB=EPODOC&Iocale=en EP

D2 divulga la actividad inmunogénica de péptidos H2B y H4, asi como la mayor
actividad inmunogénica de los fragmentos N-Terminal de H2B.
http://onlinelibrary wiley.com/doi/10.1046/.1365-2249.1999.00796.x/abstract

9. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en "Una composicion inmunogénica caracterizada por
que comprende: i) un polipeptido antigénico que consiste de un fragmento de la
proteina H2B de Leishmania, en donde el fragmento comprende la totalidad o una
parte de la region N-terminal de dicha proteina histona H2B, y ii) un adyuvante que
estimula la respuesta inmunitaria”

Comparacion de las caracteristicas técnicas esenciales, con las de! Estado de la Técnica:

Caracteristicas esenciales D1 D2
Composicién inmunogénica Vacuna
Polipéptido antigénico que consiste L Polipéptidos
| . Polipéptidos ) .
| en la totalidad o una parte de la antigénicos de de antigénico de

region N-terminal de dicha proteina : . Leishmania H2B,
histona H2B de Leishmania Leishmania H4, H3, H2A
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Caracteristicas esenciales D1 D2

' Adyuvante para

I Adyuvante que estimula la respuesta | estimulacién de la
inmunitaria respuesta

' inmunitaria

{ _—

Los documentos D1 y D2 se consideran el estado de fa técnica cercano a la
invencién definida en la reivindicacién 1 porque:

D1 divulga la SEQ ID NO 80 que corresponde a un péptido H2B (pagina 8 paragrafo
82), y es idéntica a las SEQ ID NO 1 de la presente invencion, divulga la SEQ ID NO
70 que corresponde a un &cido nucléico que codifica para el péptido de SEQ (D NO
80 {pagina 8 paragrafo 82), y es idéntico a la SEQ ID NO 2 de la presente invencidn,
y divulga el uso de vectores para producir dichas proteinas, incluyendo vectores tipo
pET (Pagina 9 paragrafo 89 y Pégina 23 paragrafo 222), dichos péptidos pueden ser
aquellos caracteristicos de L. donovani, L. chagasi, L. infantum, L. major, L.
amazonensis, L. braziliensis, L. panamensis, L. mexicana, L. tropica, and L.
guyanensis (paragrafos 73 y 238). Por otra parte, divulga composiciones
inmunogenicas que contienen adyuvantes entre los cuales esta CpG (péagina 9
paragrafo 95) y vacunas de ADN (pagina 10 paragrafo 102), en formulaciones que
contienen ademas un vehiculo farmacéuticamente aceptable (Pagina 1 paragrafo 9),
dichas composiciones inducen la respuesta inmunogénica de células-T, -B y
respuesta inmunitaria tipo Th1 (paragrafo 82).

D2 divulga que existe una respuesta inmunogenica de Leishmania frente a péptidos
H2B, H4, H3, H2A, y que los determinantes antigénicos de dichos péptidos se
encuentran localizados en los dominios N-terminal (pagina 348 parrafo 2 lineas 3 a
9).

La diferencia entre la invencién, definida en la reivindicacién 1y D1 consiste en que
la invencion se refiere a composiciones inmunogénicas que contienen proteinas H2B
o fragmentos N-terminal de la misma, caracteristica no incluida en D1.

La diferencia entre la invencién, definida en la reivindicacion 1 y D2 consiste en que
la invencion se refiere especificamente a composiciones inmunogénicas, mientras
D2 solo menciona el uso de los péptidos H2B o sus fragmentos N-terminal para
producir una respuesta inmune.

El efecto que logra el incluir péptidos correspondientes a fragmentos N-terminal de
HZ2B es que aumenta la respuesta inmune deseada.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: “modificar el la composicion conocida en D1, incluyendo
fragmentos N-terminal de H2B para aumentar la respuesta inmune”.

Sin embargo, el uso de fragmentos N-terminal de H2B para aumentar la respuesta
inmune, ya esta divulgado en el documento D2.

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria
fragmentos N-terminal de H2B de D2 en la composicion de D1 para llegar asi al
objeto de la reivindicacién 1 de la solicitud. Por lo cual se considera obvia.

Las retvindicaciones 2a 16, 21 a 23, 25 a 37 y 39 no mencionan alguna caracteristica

que haga nueva o aporte nivel inventivo a la composicién de la reivindicacion 1, por lo
cual se considera que no son nuevas, ni poseen nivel inventivo.
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10.Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

{_ Item Documento Reivindicaciones afectadas | Requisito que afecta

! D1 US20022081320 | 2a16,21a23,25a 37y 39 Nivel Inventivo

. Clin Exp

| D2 Immunol; 2316,21a23,25a37y39 Nivel Inventivo
115:342-349

En cumpiimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacién de la presente comunicacion. £n caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante y presentarla por escrito

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literai e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

______;_—.—-—,7.-1
N

JOSE LUIS SALAZAR LOPEZ

Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

9.3 N, 2012

Elaborado por: Sandra Carolina Crespe Cardenas V

Revisado Por: Consuelo Leguizamon Leguizamén
Aprobado por: José Luis Salazar Lopez
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Antigenicity of the Leishmania infantum histones H2B and H4 during canine

SO0

viscerocutaneous leishmaniasis

MO REQUENA, L. QUIIADA, M. 1. PEREZ. €. G. NIETO*. F. GUZMAN®. M. E. PATARROY N
& O ALONSO Centro de Biologia Molecular "Severa Ocloa ™ Universidad Autonoma de Madrid, Madrid and *Deparramento de
Vedu ing v Senidod Aninal. Facultod de Veterinaria. Universidad do Exivemadura. Caceres. Spain, and Finstituto de Inmunclogia.

Haospital de San Juen de Dins, Bogota, Colombia

{Aeceptid for publication 13 October 1995)

SUMMARY

In this study we show that sera from dogs naturally infected with Leishmania infantum contain
antibedies that specifically react against the parasite H213 and 114 histones, The Leishmania 1121 and the
aniino-terminal region ol the hiswone |14, expressed as tusion proteins. when confronted with sera from
caning viscerocutaneous leishmaniasis (VCL ) dogs. were recognized by 63% and 47%. respectively. No
reactivity was detected when sera from dogs naturally infected with pathogens other than Leishmania
were used, Using a collection of synthetie peptides covering the complete sequence of both protcing, we
hive determined that the main linear antigenic determinants are located in the amino-terminal domains
of these histones. The humoral response against histones HZB and Lid induced during canine
leishmaniasis was lfound to be specific for Leisimania histones. since no cross-reactivily of the V(L.
sera with mammal histones was ohserved, Also. a comparative study of the prevalence of antibedies
among YOI, sera against the four core histones of L infanmm was performed. Although a large
heterogeneiny of the humoral responses against these proteins was found. histones H2A and H3 seem to
be more prevalent immunogens than histones H2B and H4 during canine natural leishmaniasis. The
origin of the anti-histone humoral response and its possible implications in the pathogenesis of

fasishorcurio infection are discussed.

Keywords lcishmaniasis  histone H28

INTRODLUCTION

Leishmaniases are a spectrum of diseases dizstributed world-wide
causcid by infeenon with the protozoan parasites belenging 1o the
genus Lewsfunain, Leishmmania infannum. a species present in the
Muediterraneut basin countries. is the aetiologic agent of visceral
teishmaniasis (VL) in humans angd visgeroguaneous leishmaniasis
(VCL) in dogs, Dogs are the main reservoir for L. ifanum. and
several repots suggest a direct correlation between the wansmis-
sion i the parasite 1o man and the prevalence of canine VCL [1-
A Inrecent years. a rise in the incidence of VL in humans has been
observed in seseral Mediterranean countries. mainly due to the fact
thal L. iafartiem infection has emerged as an opportunistic infection
in AIDS patients (see [5] for review).

The absence in natural infeciions of any detectable cell-
mediated immunity and a hypergammaglobulinaemia arc the
muin immunological features of the V1L (see |6] for review). In

Correspendenee Protessor C. Alonse, Centro de Biologia Malecular

‘Severo Cehoa’. Universidad Auténoma de Madrid. Cantablance, 28049
Madnd, Spain.
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conirast, there is 4 marked humoral response in VL paticnts,
inctuding both non-specific immunoglobuling. due s polvelonal
B3 cell activation. and specific anti-Leishmania antibodies. The
available evidence argues against a prolective role of anti-Leish-
mania antibodies in controlling infection and favours the idea that
they are involved in the formation of immune complexes [7].
which may be detrimental 1o the host. Deposits of such immune
complexes have been observed on different filtration barriers of
Leishmania-infected animals and they have been suggested to be
respansible for several pathologies such as the glomerulonephritis
observed during VL [8—10]. On the other hand. glomerulonephritis
is & frequent pathology observed in systemic Tupus ervihematosus
(SLE) patients. a pathology that can be induced in animal models
by the production of anti-histone and other anti-nuclensomal
antibedies [11].

In previous studies. it was found that the L. infanium histones
HZA and H3 are iminunodominant antigens during canine VCL. In
facl, it was observed that 78% and 81% of the canine VCL sera
have anti-H2A and anti-H3  antibodies, tespectively |12.13].
Furthermore, the mapping of the 13 cell epilopes indicated that

1999 Blackwell Science
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the antigenic determinants are located in the most divergent
regions of these profeins [12.13]. Despite the fact thar histones
are among the most highly conserved proteins along the evolu-
tiomrs  seale. histones of Tryvpanosomarnids have  zccumulated
sihstantial sequence differences. mainly at the amino- and car-
boss -terminal regions (reviewed in [14]) to {rigger a specific
immune response. To better undersiand the anti-histone immune
response induced during L. infantuem infection, in this stedy we
have extended previous work iowards the characterization of the
humaoral response in VUL dogs against all the four histones
forming the nucleosomal core. For that purpose. genes coding
lor /' infanrem histone H3 {15] and histone (1213 were isolated.
characterized. and expressed in Excherichia coli as recombinant
proteins. The present siudy shows thin histones H4 and H2B are
immunogenic during natural canine leishmaniasis and that the B
cell epilopes are located in the most divergent regions of the
prowems. [1was alse found thar the anti-1828 and and-114 ani-
bodies present in sera from VCIL dogs de oot recognize the
counterparl of mammalian origin. an indication that the humoral
response is specificalls elicited by the parasite histones,

MATERIALS AND METHODS

Purvsites and sera

Promastigotes of L. fnfantiem (LEM 730 zymodeme 1) were grown
at 26°C in RPMI 1840 medium (Giaen. Paisley, UK) supplemented
with 0% heat-inactivated fetal ealt” serum {FCS: Flow Labs,
Irvine. UK.

Canine sera were collected in wo differemt regions of Spain:
Eatremadura (Departiment of Parasilology. Veterinary Schoal.
Extremadura University). and Calalunva (Martard Veterinary Hos-
pital. Barcelonal. Three groups of sera were used, Group | was
composed by 46 sera from dogs aflected of VL. All sera were
seropositive when tested by indirect immunofluorescence. and the
presence al amastigote forms of L ifaniom was confirmed by
Giemsy staining ol Iympheid node preparations. Group 2 was
composed by {1 sera from Leivhmanie-uninfected dogs. but
infected by the tollowing parasitic pathogens: Mesocesioides
spp. =1y Dipindlidium caninum (1= 1), Uneinaria stennce-
phale (n— 1), Tovocara canis (n=1), Diperalonema dranwicu-
fotdex (n = 1) Demodex canis (n = 1). Babesio canis (n=2). and
Elvfrctna conis tn = 3). Group 3 was composed hy sera from four
healthy animals.

Cloning and purification of recombinant antigens
The LiH2B cDNA coding for L. injanren histone H2B was isofated
after screening ol a L. infaum expression library with the “p-
labelled insert of a Trvpanosomea cruzi histone EST-clone (kindly
provided by Dr W, Degrave. DBBM-Fiocruz. Rio de laneirn.
Brazith, The LiH2B cDNA was cloned into the EcoRl site of the
pl U8 plasmid and sequenced by the dideoxy chain termination
method [16] using the Sequenase Kit (United States Biochemical
Corp.. Cleveland. O Alsol the Lil1213 ¢cDNA was cloned in the
EcoRI site of the pMal-c2 expression plasmid (New England
Biolabs, Beverlv. MA} to over-produce the recombinant protein
rLal 128 i £ codi cells, Purification ot the recombinant protein was
performed by affinite chromutography  on amvlose columns
according to the methedology provided by the supplier (New
Fngland Biclabs).

Far expression of the amino-terminal 38 amino acid region af
the Hd ol Lo infenrn histone. the corresponding coding region

from LiHd-1 ¢cDNA clone [15] was polymerase chain reacrion
(PCR)-amplified using the following oligonuclestides: sense. §'-
GGAATTCATGGCCAAGGGCAAGCGTTC-3' (positions 55—
74 of the LiH4-1 ¢DNA) antisense. 5-CGGGATCCT-
TAGCGCGCCATGCGGCGGACGE-Y (reverse  und comple-
mentary 1o positions 149—168 of the Lil14-1 ¢IDNAY. The fcoRl
and BemHI restriction sites. included to clone the amplified DNA
fragment in the pMal-c2 expression vecior, are undetlined. In the
antiscnse oligonucletide an ochre stop codon was included {in
bold). The recombinant protein. named rLiHA-NL was also purified
by affinity chromawography on amylose celumns. The recombinant
proteing rLili2A [12] and rlLil13 [13] were purified as described
elsewhere,

Preparation of nuclear proteins

Preparations of L. igfanten nuclear fractions were performed
agcording 10 the methodelogy deseribed by Ramamoonhy et al.
[17]. with the sole modification that the protease inhibitor TLCK
(13 mu) was also used along the preparation process. Commercial
preparations of calf thymus histones (1vpe 11-5) and molecular
weight markers were purchased from Sigma Chemical Co. (St
Louis. MO).

Protein electrophoresis. immunoblot anahis and FAST-ELISA4
meastremens

SDS-PAGE on 10% polyacrylamide gels was perfarmed accord-
ing te standard methodology 18], using the Mini-protean svstem
{BioRad. Hercules. CA). For a proper resolution of the histone
proteins, call thymus histones and L. infantum nuclear preparations
were separated by electrophoresis on linear $0-14% gradien
SDS—polyacrylamide gels at 10mA tor 121 wsing the Hocfer
Scientific Instrument profcin system {Pharmacia AB. Stockholm.
Sweden).

The immunoblot analvsis and the FAST-ELISA assay were
performed as previously described [13]. For coating. the prowin
antigens were used at 2pg/ml and the svntheiic peptides at
100 .2/m1.

Affinire-purification of antibodies

Specific antibodics against Leishmania H2R and H4 histoncs
were affinity-purificd from a pool of six positive anri-histone
sers of VCL dogs. For that purpose approx. 3 mg of
recombinant protein was covalently bound to cyanogen bromide
(CNBrj-activated Sepharose 413 (Pharmacia) and packed into
a column. Coupiing and blocking were carried out according to
the manufacturer’s instructions. One ml of the mixed scra
wag passed through the antigen column. After washing. the
specific untibodies were eluted from the column with (0]
glycine  pH2-8. Finallv. he antibody preparation  was
cquilibrated to pH7-5 with 1s Tris—HCl. The solution aof
antibadies was restored to the original volume of the poaled
scra.

Svrthesis of peptides

A library of overlapping peptides was synthesized by the simulta-
neous multiple solid-phase synthetic method using a polvamine
resin and FMOC chemistry [19)]. The peplides had a purity of 96%
as detected by mass spectroscopy. amino acid analvsis and high
performance liquid chromatography (HPLC).

1999 Hlackwell Science Ltd. Chneal and Experimeniad mninofogv. 115:342-34%
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RESULTS

bxpression and antigenicite of the | infantum histones H2B and
i+

[ order o oblin e Ledisfimania histones H2B and H4, as
recomibinam proteing the corresponding cDNAs were ¢loncd in
bacterial expression veetors. The cDNA coding for the L. infanien
H213 was isolated by sereening ol a L. infaniien expression library
using as probe an EST-clane derived trom the 7. ¢ruzi HIB gene.
The sequence of this clope. namely LiH2B. was determined and

submitted to the EMBL/GenBank/DDBI databases with the acces-
sion number Y 13396. The ¢[INA Lit128 insert is 894 nucleotides
long possessing an open reading frame from positions 64 to 396
where the putative L fufantum histone H2B iz encoded. Figure 1a
shows the deduced amino acid sequence of the parasite histone
H2B and its comparison with the consensus sequence of the
histones H2B reparted by Wells |20]: both sequences shared a
49% identity. The identity values reached a value of 85% with the
L. enriertii histone H2B [21] and 72% with the 7, crozi histone H2B
[22]. For expression of the L./nfannem histone H4 the LiH4-|

T 1999 Blackwell Science Lid, Clhucal and Experimental lmpnmology. 115:342-349
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Table 1. FAST-LLISA reactivity of viscerocutanenus leishmaniasis (VL) sera with histone H2B peprides
Peptides
Bl B2 3 B4 BS Bf B7 BS B9 B10O
120 11-30 21-40 Jt-50 41-60 51=70 61-80 71-90 §1-100 e1-112 rLiH213
0500 - - 610 0-120 - - - - a-120 0630
200 0-4R0 0120 - - - - Q4600 0650 - 0-RR7
0230 - {-:200 - 0107 0120 - - 0-120 0-720
0230 - 0100 - 0-500
1 e 370 010 0100 - - 0110 - - - 0-400
- - -0} - - - - 0-147 - 460
0180 - - - - - - - 0-130 0565

Canine VL sera were diluted 1:100 and allowed 1o react with IFAS1-LLISA plates coated wilh peptides (100 gg/mD) or protein {2 pg/ml). Absarbance
saluss below bachground values. detected in absence of antigen (3-03). were considered as negaiive (—),

cINAL proviously described [13]. was used. Figure 1b shows the
deduced amino acid sequence of the L. fifarmum histene H4 and its
comparisan with the consensus sequence of the histones H4
reported by Wells [20] Tt is remarkable that there is a large
divergence of the amino-terminal vegion of the Leisfimania histone
H¥with regard 1o that of the consensus seyuence,

For expression of L. ot histones 11213 and H4 in X coli
cells. the corresponding cDNAs were subcloned in frame into the
FeoRD site of the plasmid vectar pMal-cR2. The pMal-LiH2B
recombinant plasmid over-expressed o fusion protein {named
rLiH2I with o moiecular weight of 54 kD coresponding to that
expected for the lusion protein formed by the maltose binding
pratein (MBE 2RV and (the 11213 (12K12) modeties, The anti-
geniciny of the Loinfantum histone H2B during canine leish-
manixsis was assaved by studving the reactivity of a coilection
utcanine sera against the recambinant protein rLiH2B. Of the VCL
serit 3%e (290160 recognized the protein rLiH2B with reactivity
values higher (han the mean absorbance value + 3 =s.d. (cut-nfl
salue -= 04120 ol sera fvom dogs having infections others than
leishoraniasis (see Materials and Methods for description of the
serul,

Nince repeated attempts to express (he cDNA LiH4-1. coding
for Lonjanmum histone H4 [13] inw plasmid pMal-c2. failed to
vield & coli calonies expressing the recombinant histone |14 other
expression vectors were used, We tried to ¢lone the cDNA Lik4-1
inta plasmid pME. a madified pUR veetor [23]. and into plasmid
POl (Oiagen. Chalzworth, CA), Inany of these vectors expression
of the <DINA LiH4-1 conld be achieved. although the restriction
unilysis of the recombinant ¢lones indicated that the ¢IINA had
been inserted in the right orientation. Therelore. it is plausible thal
the expression failed because the L ingonnum histone H4 results
hghly toxic far the E coff cells. Henee, we tried 10 ¢lone and
express the amine-terminal region of this prowcin since,  as
deseribed below. the epitope mapping using synthetic peprides
indicated that the amino-terminal domain of 7. ifantum histone
4 was the most immunodominant region of the molecute, In order
1o ¢lone and express the amino-lerminal region of the histone H4 a
DNA tragmem coding for the 38 amino-1erminal residucs of the
protes was PCR-amplificd tfrom the LiH4-1 ¢DNA (nucleotides
35 168y and <loned into the pMal-c2 vector to vield plasmicd
pMal-Lit =N, A protein band of 43-k1) was over-expressed by
the £ coli cells transformed hy plasmid pMal-[LiH4-NL The fusion
protein. named rLiH4-N1 was purified by affinity chromatography

and used to analvse its immune recognition hy sera from dogs with
leishmaniasis. Twenty-two aut of 46 VCL sera (47%) showed
reaclivity values above the cut-oft value {0-10) of scra from dogs
with infections other than leishmaniasis. indicating that during
natural canine Leishmania infection anti-histone H4 antibudies are
elicited.

Mapping of the linear antigenic determinants of the L. infantum
histones 1128 and 114

In order to define the location of the main antigenic determinants
recognized by the sera from the VCL dogs a collection of peplides
(20mer. overlapping by 10 amino acids). derived Irom the amino
acid sequences of the histones H2B and H4 (Fig. 1), were svnthe-
sized and assayed individually bv FAST-ELISA against the VCL
sera, Table ] shows the reactivity of scven VCL sera against
peptides B1-B10 (histone H2B). All peptides were recoanized. at
least by a serum. although peptides B1 (amino acids 1-20), B2
(aming acids 11-30) and B4 (amina acids 31-30) were recognized
more frequenily and showed the highest reaciivity values. Thus.
the results shown in Table | point to the exisience, at least. af
two main antigenic determinants in the L infonrem histone H2B,
hoth located in the first amino-terminal 30 residues, One
antigenic determinant would be locaied in the amino-terminal
shared by peptides 131 and B2, while the other seems o be
lacated in the amino acid sequence of peptide B4, None of the
peptides was recognized by cither the conrol sera or the sern
fromy dogs with infections other than Icishmaniasis (daia not
shown), Also. the sera from the VCL dogs that did not
recognize the recombinant protein rEi8 1213 did nol react with any
of the peptides B1-BI0. indicating that these peptides are
specifically recognized by the anti-H2B antibodies present in the
VCL sera.

The epitope mapping of the Leisfonania histone Hd was
also performed by anulysing the reactivity of the VCL sera
against peptides CI-C9 (Table2). The results indicated the
existence of a prominent antigenic determinant which is located
in the first 30 amino acids of the protein. a region covered by
pepiides €1 and C2. Remarkably, this antigenic determinant is
located in the mosi divergent region of the L infantum histone
H4 (Fig, Ib). Although showing a lower frequency af recognition.
another antigenic determinani was located in the region covered
by peptides C7 and CR (from amino acid position 61-90,
Table 2).
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Fable 20 FASL-LLISA reactivity of viscerocutanegus leishmaniasis {VCL) sera with hisione H4 peptides

Peptides

1 C2 C3 C4 C5 Cé 7 Cg 9

1-20 11-30 21-40 J1=50 41-60 31-70 61-80 71-90 81-100 rl.iH4-N1
(=400 0670 - - - - - 0220 - 0620
(AR 440 - - _ _ ~ B 0380
{1340 A3 - - - - 610 0-120 - 510
IR - - 1390
ods £ - - - - 0160 0:235 - 0-800
[EET] 0220 - - - - 00l - - 0328

0 el na2 - - - - - - - 0750

Canme VUL sera were diluted 1:100 and allowed to react with FAST-LLISA plates coated with peptides (100 gg/ml) or protein (2 ug/ml). Absorbance
values below background values. delecied in ahsence of antigen (0-05), were considered as negalive {=).

Specificite of the anti-histone antibodies
Since histones are among the mest highly conserved proteins in

nature, an inleresting quesion to analvse is the specificiny of

recognition of the anti-histone antibodies elicited during canine
leishmaniasis. in previous works, we demonstrated that the anti-
PI2ZA and anti-H3 antibodies present in canine VOI. sera recog-
nized specificalls the Leivfmania histones [12.13]. In order to
tmvestigate the specificiny of the anii-H2B and the anti-H4 anti-
hadies present in the VI dogs # pool of six VOL sera. selected by
their reactivities against both histonex. was incubated with a
Wesern blot comaining call” thymus histones and L. ifantum
nuclear extracts (Fig. 21, The resutts Indicate that the VL sera
reacied with the Lewshmeaiia nuclear extracis but that they did not
crass-react with hisiones of mammalian arigin. The purification by
afttnity: chronzatography of the ant-H2B and ant-H4 antibody
fractions [rom VCL sern (panels «f2B and aHA. respectively)
allows ed the fdentilication of the position in the gel of the L. -
ey histones H2B and H4. Each one of the affiniiv-purified anti-
body fractions reacted  specifically with the puative  bands
corresponding 1o the Ledsironia histones H2B and H4, but they

{a) {b)

M 1
kD

66 -

45

36

29
24

11

20 —

14 — - .

did not react with the mammal counterpaits. [t may be concluded
therefore that the anti-histone antibodies, present in the sera of VCL
dogs, are specifically directed against the Leishmania histones.

I'CL sera recogiize the four core histones of'1.. infantum

In this study il has been shown that antibodies against L. inferrum
histones H2B and H4 arc present in the sera of dogs with
leishmaniasis, completing previous data in which the antigenicity
of L infannmn histones H2A and H3I during canine VOL was
demonstrated [12.13]. Therefore. these findings indicate thal ali
ol the nucleosomal core histoncs [rom the parasite become anti-
genic during canine leishmaniasis. This conclusion is further
illustrated by the data shown in Fig.3. The four L infantum
histones (H2A, H2B. H3. and H4). cxpressed in £ coli as MBP
fusion proteins. were separated by SDS—PAGE (Fig. 3a), bloted
onto a nitrocellulose membrane and incubated with a pael of VI,
sera, As shown in Fig. 3b. the {four recombinant proteins were
recognized by a mixiure of VCL sera. demonstrating that anti-
badies for the ditferem L. infanrn hisiones are cliciied during
canine leishmaniasis.

1 2 1 2 1 2
2 -
-
VCL
sera irH28 aH4

Fig. 2. Specificily of anti-hisone amibodies present in viscerocutaneous leishmaniasis (VCL) sera. Call’ thymus histone (6 ug: lane 1) and
20ueg ol Leesfonenuer mfannon nuclear prowin exnacts (lane 21 were clectrophoresed on lincar 10--14% gradient SDS-PAGE gels. (a)
Coamassic blue staining of the gel. Molecular weight markers are shown in kD (fane M). (b) Equivalent gels were blotted and probed cither
with a pool of six VCOL sera (panel VCL sera), with the affinity-purified anti-H2B antibody fraction of VCL sera (panel «H213). or with the
alfimy-purified anti-H4 antibody Traction of VCI. sera (panel aH4),
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{z] (b}
kD %] 1 Z 3 4q i 2 3 4
16— g -
97 — -
6 — O ————
— ——— W
45 — Lot
28— ey

Fig. 3. Reactivily ol viseeracutancons leishmaniasis {VCLY sera against all four core histones ol Leishmanic infantion. One miscrogram of the
follawing recombinant proteins was loaded an 10% S8 PAGE gels: rLiH2ZA (lane 1). tLiH2B ilane 2), rLiH3 (lane 3). and rLild4-Nt (fanc
43 Lane M eonming the malecular weight markers. (a) Coomassie blue staining of the gel. (b) An equivalent ge! was blotted to a nitracelluiose

lilrer and probed with.a pool of six VCL sera (1:100 dilution ).

by order to analyvse whether during canine leishmaniasis there is
specificine in elicinng ami-histone amibodies against any particular
v of Leishmania histones. the reactivity of VCL sera against
eucl one of the fowr core histones was determined individualty

[able 3. Reactivity ol viscerocunmeous letshmaniasis (VCLY seri againgt
the tour care histenes

Histone ¢lass

Grroup Seri rlill2s rLil12sB rLili3 rLitH4-N1
( | 0450 0-128 0-200 0-230
2 Q610 Q-260 0450 0-550
3 {470 0270 176 0-260
4 {850 0360 1:590 (250
Bl 0:390 0130 0-320 0-150
6 630 0210 0-800 0-220
7 U530 - 0630 0-180
& 0470 0235 0137 -
9 0430 0330 - N-450
L] U690 0-130 0400 -
L1 01320 0-195 0-180
12 0600 0120 0470 -
13 - 0315 0-190 0-300
i 14 350 0-190 - -
13 130 (0-30
16 300 (200 - -
17 45 - - a-300
18 0210 - 0-100 -
1y 0-150 0-130
an 0-200 - 0-800 -
v 2] - - 0-240 -
22 - - G-200 -
v 23 : - -
24 - - - -
25 - - - -

Canine VCL sera were diluted 1:500 and allowed to react with the four
fusion recombinant hisiones (2 pe/mi) in FAST-ELISA plates. Absorbance
values below background values. detected in absence of antigen (005
were cansidered as negative (=),

Table 3 summarizes the reactivity values showed by 25 VCL scra
against each one of the recombinant histones H2A. H2B. H3 and
H4. It was found that 24%5 (6/23) of the sera reacted with the four
recombinant proteins. 28% (7/25) of the sera reacted with three
histones tvpes. 28% (7/28) of the sera recognized two of them. and
that 8% (2/25) of the sera reacted with only one of the histencs:
12% {3/25) ot the VCL scra did not react with any one of the
histones. A statistical analysis indicated that there was no correla-
tien between the presence of a particular antibody against a given
histone with an antibody against another histong, Thus, by linear
regression analysis of the data shown in Table 3 it was detevmined
that the r values were always < 0-6 for the four core histones when
the reactivity 10 any onc of the histones was compared with the
reactivity o any other histone type. In addition. althaugh from the
high percentage ol VCI, sera {36%) that reacted wiih either all or
none of the four histones it seemed that anti-histone antibodies
were elicited coovdinately. this fact was not found 10 he of
statistical significance. Thus. the individual respense against the
histones must probahly occur as independent events.

On the other hand, when the percentages of recognition of the
individual histones by VCL. sera were analvsed it was observed that
histone H2A was the most frequenily recognized (72%). followed
by histone H3 (68%), histone H21B (60%). and histone He (44%3).
The mean reactivity values shown by the VCL, sera at g given
dilution were similar against histones H2A (0-386: s.d. =0-278).
H3 (0-337: s.d. =022y and H4 (0-302: s.d. =011). whereas the
mean reactivity value ol the VCLL sera against histone 1128 was the
lowest (0-147: 5.d.= 0:-119),

DISCUSSION

In the present work we have shown that antibodies reacting with
Loinfannom histones H2B and M4 arc elicited during canine
leishmaniasis. Prevalence studies indicated that about 63% of the
VCL sera have anti-histone H2B antibodies and that anti-histone
4 antibodies are present in about 47% of those sera. Weslern blot
analysis indicated. furthermore. (hat the anti-114 and anti-11213
antibodies were elicited specifically against the parasite histones
and that there was not cross-reactivity with mammal histones,
Thus, together with previous reports in which the antigenic
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properties of the L. infantum histones H2A and H3 during canine
wishmuaniasis were deseribed [12.13]. this study provides an over-
view of the immunogenic character of the parasite histones, Now,
itvan be siated that during canine VCL all the four core histones of
L infunrnm are targets of the humoral immune response und that
the tesponse is ¢licited by the paragite prowins, Interestingly.
preliminars datu fram our [aberatory suggest that a similar humoral
response oceurs also during viscerad leishmaniasis in human
PatIcnLs.

Our data show that according to the frequency of recognition.
hstones TI2A. [12ZB and 113 showed similar percemages of
recognition (72% 60% and 68%0 respectively) and that the
amino-terminal of the H4 histone was recognized by 44% of the
sev. The VCL sera showed similar reactivity values against
histones H2A, H3 and H4, whereas histone HIB was rccognized
with lower reactivine values. Thus, from hoth prevalence and
reactiviiy data. it can be concluded that histones 112A and 113
are more immunogenic than histones H2B and H4 during canine
Leivhimania infection. However, the high degree of variability in
the revognition of indisidual histones shown by each of the VCLL
seri was remarkable, suggesting thar the different ani-histone
antibodies are not elicited in a0 sequential way during canine
leishmaniasis.

Adthough the presence of anti-histone antibodies in the sera of
VO dogs has been well esiablished in this and previous works
[12.13]. it remains to be undersieod why antibodics are specificaliy
induced against these proteins during Leishmania infection. Clas-
sically. production of anfi-histone antibodies has been considered
as u hallmark of amoimmung processes such as SLE, Although the
anti-histone humoral respense elicited during either SLE or leish-
maniasis is guie ditferent in terms ot specificity, it is likely that the
presluction of anti-hisione antibodics in both precesses can be
trigeered by the same mechanism. In recent yeurs it becume clear
that the nucleosome is an imponant autoaniigen responsible for the
anti-histone humoral response elicited in SLE patients [11.24-20].
Although more experimental approaches must be performed to
ascertain the arigin of the anti-histane humoral response abserved
during canine Ieishmaniasis, the present results favour the idea that
also during VI the Leisfinania nucleosomes act us the immuno-
genic stimulus. This hy pothesis iz also based on the fact that the
anti-histone amibodies present in the sera from VCI, dogs are
directed nat against the internal regions of histones. involved in the
stabilization ol the nucleosomal core, but against cpitopes pre-
~umed o be exposed wt the surface. Thus. in this and previous
warks | 12.13] we showed that the most immunodominant epitopes
are located at the aming-lerminal ends ol the histones 213, 113 and
H4, and at both ends of histone H2A, Furthermere. it has been
observed that the antigenic determinants of L. iifanium histones
are Iocated in the most divergent regions of the molecules. As
inlicated by Galanti eredd. |14]. the sequence divergence of the
Irspemosomatid histones appears o reflect the particular fune-
tional rotes of the different protein domains. Thus. while the
globular regions. responsible for the major histone=histone and
DN A=histone interactions. of the trvpanosome core histones are
relatively consenved. the amino-terniinal domaing of these ¢hro-
mwrseninal proteins. which seem not w be involved in these inter-
actions. are highls divergent. Although knowledge ol the structure
of [ryvpanasomatid chromatin i3 scanty. prowolysis studies using
immabilizced proteases have indicated that the amino ferminal
regioms of histenes H3 and H4 arce probably located on the surface
of the nucleosomal particle |27).

M. Soto et al,
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Another interesting question to answetr is the possible involve-
ment of ami-histone antibodies and Leishmania histones in some of
the pathalogical processes associated with leishmaniasis, Due 1o
their abundance und their physical properties it would not be
unreasonable 1o think thar the Leishmanic hisiones {orming
immune complexes with the anti-histone antibodies could tripger
pathological alterations such as glomerulonephritis. In fact. during
Leishmania experimental inteetion in hamsiers. a direct correlation
has been observed between the appearance of kidney lesions and
the deposition of immune complexes in that tissue |8, Although it
remains 1o be demonstrated. icis likely thal parasile histones may
be an important component of the iimmune complexes present in
visceral leishmaniasis patients [7). Studies on murine SLE models
have demonstrated the presence of histones in the glomerular
immune deposits. showing that histones are mvolved in the
pathogenesis of fupus nephritis |28]. Recently. the presence of
antiboadies against Mlasmodium folciparon hislones in malaria
patients has also been described. and a possible role of these
antibodies in the pathology of malaria has been suggested [29].
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