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The present invention relates generally to compounds and methods for
_ stlmulatmg immune responses in patients, as well as in isolated cells and cell cultures,
10- and for evaluating Leishmania-infected patients. The invention is more particularly
related to compounds comprising all or a portion of a Leishmania braziliensis antigen
(LbelF4A), which is a homolog of the eukaryotic initiation factor 4A (elF4A), and to

the use of such compounds for stimulating a Th1 immune response.

15 Background of the Invention

Leishmania are obligate intracellular protozoan parasites of macrophages
that cause a spectrum of human diseases, including self-healing skin lesions, diffuse
cutaneous and mucosal manifestations, and severe visceral disease. The number of

- ‘cases of leishmaniasis has increased dramatically in the last 20 years, with about 2

20 million new cases diagnosed each year. Millions of cases of the disease now exist

worldwide, primarily in Brazil, China, East Africa, India and areas of the Middle East.

“The disease is also endemic in the Mediterranean region, mcludmg southem France,
Italy, Greece, Spain, Portugal and North Africa.

" There are 20 species of Leishmania that infect humans. Of these

25 species; Leishmania braziliensis commonly causes localized cutaneous leishmaniasis

(CL). Patients with CL have strong delayed-type hypersensitivity (DTH) and in vitro

proliferative responses to Leishmania antigens during both active and cured disease.

* Most patients with CL heal spontaneously. However; in some infected individuals, an

' active cutaneous disease or mucosal leishmaniasis (ML) arises, which is characterized

30 by severe and progressive destruction of the nasal, oral and/or pharyngeal mucous

membranes.

Early diagnosis of l'eishmaniasis may be critical for successful treatment,
but is difficult to achieve since there are no distinctive signs or symptoms of the
disease. Parasite detection methods have been used, but such methods are not sensitive

35 or practical. Current serological tests (using, for example, ELISA or
immunofluorescence techniques) typically use whole or lysed parasites, and are
“generally insensitive and prone to cross-reaction with a variety of other diseases. In
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10 Accordingly, there is a need in the art for characterization of Leishmania
antigens involved in immune responses, and a determination of their role in disease
manifestation. There is also a need to identify improved ‘methods for evaluating
patients in the early stages of the disease and for tré,ating le_islunaniasié. The present
invention fulfills these needs and further provides other related advantages.

“

15 .
Briefly stated, the present invention provides compounds and methods
relating to the Leishmania antigen LbeIF4A which i is homologous to the eukaryotlc
1ibosomal protein eIF4A. In one aspect of the invention, DNA molecules comprising
20 IDNA sequences that encode LbelF4A, or portions or other variants thereof, are
provided. Such DNA sequences are seléctcd from the group consisting of: (a)
rucleotides 115 through 1323 of SEQ ID NO:1; (b) DNA sequences that hybridize to a
nucleotide sequence complementary to nucleotides 115 through 1323 of SEQ ID NO:1
< under stringent conditions, wherein the DNA sequence encodes a polypeptide .that
25 simulates a Thl immune response in peripheral blood mononuclear cells obtained from
a Leishmania-infected individual; and (c) DNA that encodes a polypeptide encoded by
- any of the foregoing DNA sequences. y
In related aspects, the present mventmn prov1des recombma.nt expression
vectors comprising DNA molecules as described above, host cells transformed or
30 trunsfected with such expression vectors and a process for preparing a polypeptide
ercoded by a DNA molecule described above, comprising culturing a transformed or
transfected host cell under conditions promoting expression and recovering the
pclypeptide. Purified polypeptides comprising a sequence of amino acids encoded by a
DNA molecule as described above, or amino acids 49-403 of SEQ ID NO:2 (or a
35 variant thereof that differs only in conservative substitutions and/or modifications), are
also provided. In addition, monoclonal antibodies  that - speclﬁcally bind such
polypeptides are disclosed.
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o; or ( 3 expression of mRNA encodxng one or more cytokines such as Interferon-'y,
10 Interleukin-2, Interleukin-12 p40 subunit, Interleukin-1 or Tumor Necrosis Factor-a.
In yet another aspect, methods for enhancing a cellular and/or humoral
immune response to an antigen in a patient are provided, comprising administering a
' pblypeptide as described herein and an antigen to a patient. The polypeptide may be
administered in conjunction with a heterologous antigen preparation, or in conjunction
1S  with other Leishmania antigens. In a related aspect, the present invention provide_s
methods for stimulating the production of antibodies in a patient that bind to
Leishmania parasnes, compnsmg admmlstenng to a patient a polypeptide as described
herein.
In other aspects, methods are provided for stimulating a Thl immune
20 response, IL-12 production, and/or the down-regulation of Interleukin-10 expression in
a patient, comprising administering to a patient a polypeptide as described herein. In a
related aspect, methods are provided for stimulating a Thl immune response, IL-12
production, and/or the down-regulation of Interleukin-10 expression in a biological
~ sample, comprising contacting the biological sample with a polypeptide as described
25 herein. The biological sample may comprise peripheral blood mononuclear celis,
monocytes, B cells, dendritic cells, macrophages or combinations thereof. '
In another éspect, this invention provides methods for determining the
suitability of an antigen for preparation of a vaccine composition, comprising
determining whether the antigen is capable of stimulating the production of Interleukin-
30 . 12 by cells such as peripheral blood mononuclear cells or macrophages obtained from
an individual that is not infected with Leishmania.
Within other aspects, pharmaceutical compositions, comprising a
polypeptide as described herein and a physiologically acceptable carrier, and vaccines,
- comptising a polypeptide as described herein and an antigen, are also provxded
35 In still another aspect, methods are provided for treating a patient
- afflicted with a disease responsive to IL-12 stlmulatlon, compnsmg admnnstermg toa
pat:ent a polypeptide as described herein. '



fi bosomal protein el F4A. I n one aspect of the invention, DNA nol ecul es
conprising 20 DNA sequences that encode Lbel FAA, or portions or other -
variants thereof, are provided. Such DNA sequences are selected fromthe
group cHEIPHy of: (a) nucleotides 115 through 1323 of RSERPFISOSG41: (b)
DNA sequences that hybridize to a nucl eoti de sequence conpl enentary to
-nucl eotides 115 through 1323 of SEQ ID O 1 under stri ngent conditions,
wherein the DNA sequence encodes a pol ypeptide that 25 sinmulates a Thl

i mmune response in peripheral blood nononucl ear cells obtained froma

encoded by any.of - hies Al dfther @Rbeet 5t o Pkl i RARE S bR B P RhERE
present i nupont referepeeoto dhe follewingi detatleds description nande attached cdrawirigsi ng’JDNA
mol ecul es R R3S iRl RER: aﬁgﬁkbgqg%&gbfaﬁﬁfg?ég%g?% gr?‘glnegoe][nﬁpé%t | ge

wth such expression vectors an
er coded by"aﬁg incorparated indididuallyaq above, conprising culturing a
transfogned or transfected host cell under conditions prom)tl ng eprreSS| on
and recovegi. s he pc -3 pEeR ide. Purified polypeptides conprising a '
sequence OPUEFIRSTRLPHEORCIARIMEBy a DNA nol ecul.e as described above, or
am no aci ds 49- 403 oFlgBtBQl Iphed&ﬁlsZth@aesv.dtsw Southerarilot bralpsié of Hatishetidnicer s

only in co er :H:Hr%: t f )

provi ded. \{ﬁdlé H{ggl%ﬁa '%)r%%"g §i'es tﬂ?ﬁ?&lb ggl%"g{{eféa% ntc}i] such
pol ypept i désbr@éerm%&qnem NA contpigs atlgast gwo copies of LbeIF4A.

PCT/ US§/ 05064 3 | n piaaieel . sHORAC ithe t RBuIY 65 Hn |iteiHobRit RhAYSidewiAcH™®et hod

i T N R R R
pol ypept i dspeciss dfsige +4ckiDd i1 differemb deishmania species.
Figure 3 illustrates the ability of purified recombmant LbelF4A to
stimulate proliferation of PBMCs from L. braziliensis-infected individuals.
15 Figures 4A and 4B present the results obtained by analys:s of cytokine
mRNA expression patterns of PBMCs from patients with confirmed cases of
L. braziliensis infection. :
Figure 5 illustrates the supernatant levels of secreted IFN-y from PBMCs
from L. brazzlzenszs—mfected individuals following stimulation with LbelF4A or
20 parasite lysate.
Figure 6 shows the levels of TNF-oi detected in the supematants of
PBMCs from L. braziliensis-infected individuals followmg stimulation with LbeIF4A
or parasite lysate.
Figures 7A-7D show that LbelF4A also- stnnulates pauent PBMCs to
25 uecrete [L-12 in the cultured supernatant with a magnitude significantly higher than the
1L-12 level stimulated by parasite lysate and that IL-10 inhibits this IL-12 production.
Figures 8A and 8B demonstrate that in all patient PBMCs tested, IFN-y
production was IL-12 dependent and inhibited by IL-10."
Figures 9A and 9B show that LbelF4A stimulates IL-12 productlon in
30 cultured human macrophages and adherent PBMCs. :
Figure 10 indicates that LbeIF4A stimulates IL-12 productlon in the
himan myeloid leukemia cell-line, THP-1, and synergizes with IFN-y to stlmulate
THP-1 cells to secrete IL-12. _
Figure 11 presents results that mdlcate that lymph node cells of rmce
- 35. primed with LbelF4A proliferate and secrete an almost exclusive Thl cytokine profile,
" waereas lymph node cells from mice primed with another recombinant L. braziliensis
antigen (8E) | produced a ThO or Th1/Th2 type cytokine profile, depending upon the
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"polypeptide,” in the context of this invention, encompasses amino acid chains of any
length, including full length proteins and portions thereof, wherein amino acid residues
" are linked by covalent peptide bonds. Therefore, a "LbelF4A polypeptide" comprises
20 LbelF4A, or a portion or other variant thereof that retains stimulatory activity.
Preferably, the polypeptides are substantially free of contaminating endogenous
materials. The use of such poiypeptides for the evaluation of patient immune responses
and for the stimulation and enhancement of a variety of immune responses is also
- disclosed. ' |

25 - The polypeptides of the present invention include variants of LbelF4A
that retain the ability to stimulate a Th! immune response in PBMCs. Such variants
include various structural forms of the primary protein. Due to the presence of
ionizable amino and carboxyl groups, for example, a LbelF4A polypeptide may be in
- the form of an acidic or basic salt, or may be in neutral form. Individual amino acid

30 . residues may also be modified by oxidation or reduction. -
R Variants within the scope of this invention also include polypeptldes in
which the primary amino acid structure of LbeIF4A or a fragment thereof is modified
- by forming covalent or aggregative conjugates with other polypeptides or chemical
_ moieties such as glycosyl groups, lipids, phosphate, acetyl groups and the like.
35 Covalent derivatives may be prepared, for example, by linking particular functional
| groups to amino acid side chains or at the N- or C-termini. Alternatively, for
derivatives in which a polypeptide is joined to a LbelF4A polypeptide, a fusion protein

IJ-.

(D




an individual that is not infected with Lei shmania. Wthin other aspects,
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In still another aspect, mnethods are pqovi ded for treating a patient
afflicted with a disease responsive to 1L-12 stinulation, conprising
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wi t h dénf proyides @g €pitopsf reversibly bound by a speclﬁc monoclonal antibody, enabling rapid
assay and facile purification of expressed recombinant protein. The sequence of Hopp - (
et al. is also specifically cleaved by bovine mucosal enterokinase, allowing removal of
the peptide from the purified protein. Fusion proteins capped with such peptides may
also be resistant to intracellular degradation in E. coli.. |
15 Protein fusions encompassed by this invention further include, for
example, LbelF4A polypeptides linked to an immunoglobulin Fc region. If LbelF4A
fusion proteins are made with both heavy and light chains of an antibody, it is possible
o form a protein oligomer with as many as four LbelF4A protein regions. Also within
: the scope of the present invention are LbelF4A polypeptides linked to a leucine zipper
20 «(omain. Leucine zipper domains are described, for example, in published PCT
Application WO 94/10308. LbeIF4A polypeptides comprising leucine zippers may, for
' example, be oligomeric, dimeric or trimeric. All of the above protein fusions may be
prepared by chemical linkage or as fusion proteins, as described below.
The present invention also includes LbelF4A polypepudes with or’
25 without associated native-pattern glycosylatlon Polypeptides expressed in yeast or
- mammalian expression systems may be similar to or slightly different in molecular
- weight and glycosylation pattern than the native molecules, depending upon the
expression system. For instance, expressibn of DNA encoding LbelF4A polypeptides
in bacteria such as E. coli provides hon-glycosylated molecules. N-giycosyla’tion sites
30 of eukaryotic proteins are characterized by the amino acid triplet Asn-Aj-Z, where Aj is
ary amino acid except Pro, and Z is Ser or Thr. Variants of LbeIF4A polypeptides
having inactivated N-glycosylation sites can be produced by techniques known to those
of ordinary skill in the art, such as oligonucleotide synthesis and ligation or site-specific
mitagenesis techniques, and are within the scope of this invention.” Alternatively, N-
35 linked glycosylation sites can be added to a LbelF4A polypeptide. '
The polypeptides of this invention also include variants of LbeIF4A
po.ypeptides that have an amino acid sequence different from the native LbeIF4A



L braziliensis infection. Figure 5 illustrates the supernatant |evels of
secreted |IFNy fromPBMCs fromL. braziliensis-infected individuals

follow ng s Lon with Lbel F4A or 20 parasite |lysate. Fi 5. '
the levels yﬂ#ﬁz{ug”] detected in the supernat antg of PBNngﬁ@g?i&&\%S-
braziliensis-infected individuals follow ng stinulation with Lbel F4A or
parasite |ysate. Figures 7A-7D show that Lb&l F4A al so stinul ates patient
PBMCs to 25 secrete IL-12 in the cultured supernatant with a magnitude
significantly higher than the I1L-12 | evel sti nmul ated by parasite |ysate and
that IL-10 inhj bItS hIS IL 2 roduction ures 8A and Sl;ﬁggmnstrat

that in all paPfod of FRp= p?l?} i oSERHEnS, | SY! 198348ht °
i nhi bited by | hxoﬂiﬁcaﬁogw eSuchAvaniath Bheillkiné hﬁibstlahﬁlliil/hontoldgmhattasthd_mﬁve

production in E de a% a&“ﬁif onsd AU

i ndi cat es t hat é rrula es |on|n n nyel ol

| eukeri a cel | - I’Suhstanmaphqmolagn"s\ﬁnse@ hmm,\mfem o Rmync gclétscmnae%ﬂmHmay
cells to seg reEﬁcohl:d%?Dlﬂ\%e%&néés tﬂafaﬁs@ 45aui@§flﬁ yotidiAAg uhmlnq@aeeatabasmﬁgeaph

A oSt excl s GeInS R B PHBT o PrRE IR AN Eégédu’éﬁéyﬁ%nﬁ@&lﬁeﬁﬁ orWiHe

pri ﬁcli/ \#ht2 h- anﬁioﬂ@fatdlf%ﬁiﬂgbﬂﬁfﬁnd&ldh& dnclude pedveashingi iBed sqlifign Pf SINCSSC A0 5RO
PCT/ Usos! 0505 SBSack O/ANE HHRLAY (o BrB: Ay badgenat S erSi S 8oLy emisht
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10. containing 0.1% SDS). Such hybridizing DNA sequences are also within the scope of
- this invention, as are nucleotide sequences that, due to code degeneracy, encode a
stimulatory polypeptide that is encoded by a hybridizing DNA sequence. The effect of
any such modifications on the activity of a LbeIF4A polypeptide may be readily
determined by analyzing the ability of the mutated LbeIF4A peptide to induce a Thl
15 response using, for example, any of the methods described herein.
‘Generally, amino acid substitutions should be made conservatively; i.e.,
- a substitute amino acid should replace an amino acid that has similar properties, such
that one skilled in the art of peptide chemistry would expect the secondary structure and
hydropathic nature of the polypeptide to be substantially unchanged. In general, the
20 following groups of amino acids represént conservative changes: (1) ala, pro, gly, glu,
asp, gln, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, 'phc; (4) lys, arg, his;
and (5) phe, tyr, trp, his. Variants within the scope of this invention may also, or
alternatively, contain other modifications, including the deletion or addition of amino
acids, that have minimal influence on the stimulatory properties, secondary structure
25 and hydropathic nature of the polypeptide In general, fragments of LbeIF4A may be
constructed by deleting terminal or internal residues or sequences. Additional guidance
as to suitable modifications may be obtained by a comparison of the sequence of
LbelF4A to the sequences and structures of other eIF4A family members. For example,
terminal or internal residues or sequences of LbeIF4A not needed for biological activity
30 may be deleted. Cysteine residues may be deleted or replaced with other amino acids to
" prevent formation of incorrect intramolecular disulfide bridges upon renaturation. |
Other approaches to mutagenesis involve modification of adjacent dibasic amino acid
residues to enhance expression in ‘yeast systems in which KEX2 protease activity is
_ present.
35 : A LbelF4A full length protein may generally be obtained using a
: genomic or cDNA clone encoding the protein. A genomic sequence that encodes _full
length LbelF4A is shown in SEQ ID NO:1, and the deduced amino acid sequence is

-:
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" neutral fdFypical detiectiohzehgents cuntainjad'binding agent,” such as Protein A, Protein G, IgG
15 or a lectin, coupled to a reporter group. Preferred reporter groups include enzymes,
- substrates, cofactors, inhibitors, dyes, radionuclides, luminescent groups, fluorescent
groups and biotin. More preferably, the reporter group is horseradish peroxidase, which
may be detected by incubation with a substrate such as tetramethylbenzidine or 2,2
azino-di-3-ethylbenzthiazoline sulfonic acid. Plaques containing genomic or cDNA
- 20 sequences that express a protein which binds_fo an antibody in the serum are isolated
and purified by techniques known to those of ordinary skill in the art. Appropriate
‘methods may be found, for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratories, Cold Spring Harbor, N.Y.,
1989, _ | | . |
.25 PﬁkmtT‘uﬂlaﬁmysnmw'gmmmﬂbrhe;mﬂbnnﬂibytnmﬁng;mﬁmn
- PBMCs with the reactive antigens and analyzing the cells for a suitable response. For
example, the PBMC supernatant may be assayed for the level of secreted cytokines.
Preferably, the cytokine assayed is Interferon-y, Interleukin-2, Interleukin-12 (either the
£40 subunit or biologically active p70), Interleukin-1 or Tumor Necrosis Factor-a.
- 30 Cytokines may be assayed, for example, using commercially available antibodies -
specific for the cytokine _of interest in an ELISA format, with positive results
d:termined according to the manufacturer's instructions. Suitable antibodies may be
ostained, for example, from Chemicon, Temucula, CA and PharMingen, San Diego,
CA. Alternatively, the treated PBMCs may be assayed for mRNA encoding one or
35 more of the cytokines Interferon-y, Interleukin—Z, Interleukin-12 p40 subunit,
Interleukin-1 or Tumor Necrosis Factor-a, or the PBMCs may be assayed for a
proliferative response as described herein. |




30° residues may al so be nodified by oxidation or reduction. Variants
within the scope of this invention also include polypeptides in which the
primary am no acid structure of Lbel F4A or a fragnent thereof is nodified
by form ng QMM or aggregative conjugates with ot her pol yS&HYS¥ES084
chem cal noieties such as glycosyl groups, |ipids, phosphate, acetyl groups
and the like. 35 Covalent derivatives may Be prepared, for exanple, by

| i nki ng particular functional groups to amino acid side chains or at the N
or Ctermni. Alternatively, for derivatives in which a pol ypeptide is.

.joined to a Lbel F4A poly tide, jan profein ... WD 95/29239 .
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ent er oki nase, tHcppstiugtedr sequende ericodescam @palog chavingnthehdesirgd  anping- a¢id insertion,
Fusi on prot ei nguisaRRieH, 8 defetiogCh peptides may al so be resistant to
'ntracel [ular degradat| Oxl{epnatEl'vel(j:(?l I61igonucleotide-directed site-specific mutagenesis
procedures can be employed to provide a gene in which particular codons are altered

15 according to the substitution, deletion, or insertion required. Exemplary methods of
making the alterations set forth above are disclosed by Walder et al., Gene 42:133,
1986; Bauer et al.; Gene 37:73, 1985; Craik, BioTechniques, January 1985, 12-19;
Smith et al., Genetic Engineering: Principles and Methods, Plenum Press, 1981; and
U.S. Patent Nos. 4,518,584 and 4,737,462. ' - _ '

20 - - Mutations in nucleotide sequences constructed for expression of such |
LbelF4A polypeptides must, of course, preserve the reading frame of the coding
sequences and preferably will not create complementary regions that could hybridize to
produce secondary mRNA structures, such as loops or hairpins, which would adversely
affect translation of the receptor mRNA. Although a mutation site may be

25 opredetermined, it is not necessary that the nature of the mutation per se be
predetermined. For example, in order to select for optimum characteristics of mutants
at a given site, random mutagenesis may be conducted at the target codon and the
expressed LbelF4A protein mutants screened for the desired activity.

. Not all mutations in a nucleotide sequence which encodes a LbeIF4A

30 protein will be expressed in the final product. For example, nucleotide substitutions
may be made to enhance expression, primarily to avoid secondary structure loops in the
transcribed mRNA (see, e.g., European Patent Application 75,444A), or to provide
codons that are more readily translated by the selected host, such as the well-known E.
coli preference codons for E. coli expression. | o -

35 - The polypeptides of the present invention, both naturally occurring and
modified, are preferably produced by recombinant DNA methods. Such methods
include inserting' a DNA sequence encoding a LbeIF4A polypeptide into a recombinant



15 Protein fusions enconpassed by this invention further
I ncl ude, for exanple, Lbel F4A pol ypeptides |inked to.an i nmunogl obulin Fc

regi on., FAA fusion proteins are nade with both heavy and |i

chai ns +f9ﬂ#§§%tlbody, it is possible to forma protein &Mth as
many as four Lbel F4A protein regions. Also within the scope of the present :
i nvention are Lbel F4A pol ypeptides linkdd to a | eucine zipper 20 donain.

Leuci ne zi pper domai ns are described, for exanple, in published PCT
Application WO 94/10308. Lbel F4A polypeptides conprising | euci ne zi ppers
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15 : DNA regions are operably linked when they are functlonally related to
zach other. For example, DNA for a signal peptide (secretory leader) is operably linked
10 DNA for a polypeptide if it is expressed as a precursor which participates in the
secretion of the polypeptide; a promoter is operably linked to a coding sequence if it
controls the transcription of the sequence; or a ribosome binding site is operably linked

20 > a coding sequence if it is positioned so as to permit translation. Generally, operably
Inked means contiguous and, in the case of secretory. leaders, in reading frame. DNA
s:quences encoding LbelF4A polypeptides which -are to be expressed in a
niicroorganism will preferably contain no introns that could prematurely terminate

. transcription of DNA into mRNA. .

25 - Expressxon vectors for bacterial use may compnse a selectable marker
and bacterial origin of replication derived from commercially available plasmids
comprising genetic elements of the well known cloning vector pBR322 (ATCC 37017).
Such commercial vectors include, for example, pKK223-3 (Phannacia Fine Chemicals,
Uppsala, Sweden) and pGEM1 (Promega Biotec, Madison, W1, USA). These pBR322 | |

30 "backbone" sections are combined with an appropnate promoter and the structural
sequence to be expressed. E. coli is typically transformed using derivatives of pBR322,
- plasmid derived from an E. coli species (Bolivar et al., Gene 2:95; 1977). pBR322
contains genes for amplclllm and tetracycline resistance and thus provides simple
means for identifying transformed cells.

35 . Promoters commonly used in recombmant rmcroblal expression vectors

' include the P-lactamase (penicillinase) and lactose promoter system (Chang et al.,
Na:ure 275 :615, 1978; and Goeddel et al., Nature 281:544, 1979), the tryptophan (trp)



7 protein because of one or nore deletions, insertions, substitutions or

ot her nodifications. Such variants should be substantially honol ogous to

t he, native L%szy’]d should retain the ablllty to stinulate gefidosigdhdane
response in PBMCs. "Substantial honology,"” as used herein, refers to amno
aci d sequences that may be 5 encoded by E»Mﬁfequences that are capabl e of -
hybri di zi ng under noderately stringent conditions to a naturally occurring
DNA sequence encodi ng Lbel F4A. Suitable noderately stringent conditions

i ncl ude prewashing in a solution of 5 X SSC, 0.5% SDS, 1.0 nmM EDTA (pH

8.0); hybridi zi gghnidter>8is h{lﬁ&'ﬁhﬂrédal Audl, %RX@W@W 19é Lh® ¥Rty Patent

washing tw ce a nutes W th_each. of 5X and X SSC
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' Preferred yeast vectors can be assembled using DNA sequences from
pBR322 for selection and replication in E. coli (Amp" gene and origin of replication)
and yeast DNA sequences including a glucose-repressible ADH2 promoter and a-factor
20 secretion leader. The ADH2 promoter has been described by Russell et al., J. Biol.
Chem. 258:2674, 1982 and Beier et al., Nature 300:724, 1982, The yeast o~factor
leader, which directs secretion of heterologous proteins, can be inserted between the
promoter and the structural gene to be expressed. See, e.g., Kurjan et al., Cell 30:933,
1982; and Bitter et al., Proc. Natl. Acad. Sci. USA 81:5330, 1984. The leader sequence
25 may be modified to contain, near its 3' end, one or more useful restriction sites to
facilitate fusion of the leader sequence to foreign genmes. The transcriptional and
translational control sequences in expression vectors to be used in transforming
vertebrate cells may be provided by viral sources. For example, commonly used
promoters and enhancers are derived from Polyoma, Adenovinis 2, Simian Virus 40
30 (SV40), and human cytomegalovirus. DNA sequences derived from the SV40 viral
genome, for example, SV40 origin, early and late promoter, enhancer, splice, and
polyadenylation sites may be used to provide the other genetic elements required for
expression of a heterologous DNA sequence. The early and late promoters are
. particularly useful because both are obtained easily from the virus asa fragment which
35 also contains the SV40 viral origin of replicaﬁon (Fiers et al., Nature 273:113, 1978).
Smaller or larger SV40 fragments may also be used, provided the approximately 250 bp
sequence extending from the Hind 111 site toward the Bgl Il site located in the viral




as to suitable nodifications may be obtained by a conparison of the
sequence of Lbel F4A to the sequences and structures of other elF4A famly
‘nmenberg. For exanple, termnal or internal residues or sequences of Lbel F4A
not nedtRE4% biol ogical activity 30 may be del eted. CPSTASHUOS064; dues
may be del eted or replaced with other amno acids to prevent formation of

i ncorrect intranolecular disulfide briltes upon renaturation. O her
approaches to nutagenesis involve nodification.of adjacent dibasic am no
acid residues to enhance expression in yeast systenms in which KEX2 protease
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outside of the multiple cloning site has been deleted, making the Bg/ II site within the

15 ‘nultiple cloning site unique. ' : .

A useful cell line that allows for episomal replication of expression
vectors, such as pDC406 and pDC409, which contain the EBV origin of replication, is
(CV-VEBNA (ATCC CRL 10478). The CV-L/EBNA cell line was derived by

- transfection of the CV-1 cell line with a gene encoding Epstein-Barr virus nuclear

20 antigen-1 (EBNA-1) and constitutively express EBNA-1 driven from human CMV

' immediate-early enhancer/promoter. : |

| Transformed host cells are cells which have been transformed or
transfected with expression vectors constructed using recombinant DNA techniques and
* which contain sequences encoding a LbelF4A polypeptide of the present invention.

25 Transformed host cells may express the desired LbeIF4A polypeptide, but host cells
transformed for purposes of cloning or amplifying LbelF4A DNA do not need to
express the LbeIF4A protein. Expressed LbeIF4A proteins will preferably be secreted
into the culture supernatant, depending on the DNA selected, but may also be deposited
in the cell membrane. : : .

30 Suitable host cells for expfession of recombinant proteins include
prokaryotes, yeast or higher eukaryotic cells under the control of appropriate promoters.
Prokaryotes include gram negative or gram positive organisms, for example E. coli or
bacilli. Higher eukaryotic cells include established cell lines of insect or mammalian

. origin as described below. Cell-free translation systems could also be employed to

35 prcduce LbelF4A proteins using RNAs derived from the DNA constructs disclosed
herein. Appropriate cloning and expression vectors for use with bacterial, fungal, yeast,




detected by any of a vari 'ety'of means known to those of ordinary skill in
the art. Typical det ection reagents contain a "binding agent," such as
Protein A, lgG 15 or a lectin, coupled to a repor

Preferred r@%gs{igr groups include enzymes, substrates, cof act“,tﬁél,’sggm

i nhi bitors, dyes, radionuclides, |um nescent groups, fluorescent groups and:
bi oti n. Nbre preferably, the reporter group?is horseradi sh peroxidase,

whi ch may be detected by incubation with a substrate such as

t etramet hyl benzi di ne or 2, 2 - azino-di- 3- ethylbenzthiazoline sul foni c acid.
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15 generally contain an origin of replication from the 2p yeast plasmid or an autonomously
replicating sequence (AR), a promoter, DNA encoding the LbeIF4A polypeptide,
sequences for polyadenylation and transcription termination and a selection gene.
Preferﬁbly, yeast vectors will include an origin of replication and selectable marker
permitting transformation of both yeast and E. coli, e.g., the ampicillin resistance gene
20 of E. coli and the S. cerevisiae trpl gene, which provides a selection marker for a
mutant strain of yeast lacking the ability to grow in tryptophan, and a promoter derived
from a highly expressed yeast gene to induce transcription of a structural sequence
downstream. The presence of the trpl lesion in the yeast host cell genome then
provides an effective environment for detecting u-ansformatlon by growth in the
25. absence of tryptophan. _
Suitable yeast transformation protocols are known to those of skill in the
art. An exemplary technique described by Hind et al., Proc. Natl. Acad. Sci. USA
75:1929, 1978, involves selecting for Trpt transformants in a selective medium
consisting of 0.67% yeast nitrogen base, 0.5% casamino acids, 2% glucose, 10 mg/ml
30. adenine and 20 mg/ml uracil. Host strains transformed by vectors comprising the
ADH2 promoter may be grown for expreséion in a rich medium consisting of 1% yeast
extract, 2% peptone, and 1% glucose supplemented with 80 mg/ml adenine and 80
- mg/ml uracil. Derepression of the ADH2 promoter occurs upon exhaustion of medium
glucose. Crude yeast supernatants are harvested by filtration and held at 4°C prior to
35 further purification. -
Various mammahan or insect (e g, Spodoptera or Trichoplusia) cell
culture systems can also be employed to express recombinant protein. Baculovirus

1
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9 Variants of LbelF4A that retain the ability to stinmulate a Thl inmmune
response.in PBMCs may be identified by nodi fyi ng the sequence in one or
nore of_the aspect's descri bed above and assaying the resultin pepti de .
for thewé’rﬂsfszzs to stinulate a Thl response. Such assays g’éﬁé?élly be
perforned by treating patient 5 PBMCs with the nodified pol ypeptide and
assayi ng the response, as described abd#e. The above-described sequence

nodi ficati ons may be introduced using standard reconbi nant techni ques or

by aut onat ed synthesis of the nodified polypeptide. For exanple, nutations
can be introduce nt hesi.zin |gonucleot|d
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be present invention, whxch are then punﬁed from culture media or cell extracts. For
15 example, supernatants from systems which secrete recombinant protein into culture
media may be first concentrated using a commercially available protein concentration
filter, such as an Amicon or Millipore Pellicon ultrafiltration unit. Following the
concentration step, the concentrate may be applied to a suitable purification matrix. For
example, a suitable affinity matrix may comprise a counter structure protein (i.e., a
20 protein to which LbelF4A binds in a specific interaction based on structure) or lectin or
antibody molecule bound to a suitable support. Alternatively, an anion exchange resin
can be employed, for example, a matrix or substrate havmg pendant diethylaminoethyl
(DEAE) groups. The matrices can be acrylamide, agarose, dextran, cellulose or other '
types commonly employed in protein purification. Alternatively, a cation exchange
25 step can be employed. Suitable cation exchangers include various insoluble matrices
comprising sulfopropyl or carboxymethyl groups. Sulfopropyl groups are preferred.
Gel filtration chromatography also provides a means of purifying LbelF4A.
Affinity chromatography is a particularly preferred method of purifying
LbelF4A polypeptides. For example, a LbeIlF4A polypeptide expressed as a fusion
30 protein comprising an immunoglobulin Fc region can be puﬁﬁed using Protein A or
Protein G affinity chromatography. Moreover, a LbeIlF4A protein comprising a leucine
zipper domain may be purified on a resin comprising an antibody specific to the leucine
zipper domain. Monoclonal antibodies against the LbeIF4A protein may also be useful
in affinity chromatography purification, by utilizing methods that are well-known in the
35 art '

Finally, ohe or more reverse-phase high pe‘rfonhance liquid
chromatography (RP-HPLC) steps employing hydrophobic RP-HPLC media (e.g.,
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i ncl ude a transcri pti onal Fesmeniation ofﬁmbmmr@pébaﬁdA palypeptide as g secreted
protein greatly simplifies purification. Secreted recombinant protein resulting from a
large-scale fermentation can be purified by methods analogous to those disclosed by
15 Urdal et al., J Chromatog. 296:171, 1984. This reference describes two sequential, -
reverse-phase HPLC steps for purification of recombinant human GM-CSF on a
preparative HPLC column.
Preparations of LbelF4A polypeptides synthesized in recombinant
culture may contain non-LbeIF4A cell components, including proteins, in amounts and
20 of a character which depend upon the purification steps taken to recover the LbelF4A
protein from the culture. These components ordinarily will be of yeast, prokaryotic or
non-human eukaryotic origin and preferably are*preseht in innocuous contaminant
quantities, on the order of less than about 1 percent by weight. Such preparations are
* typically free of other proteins which may be normally associated with the LbelF4A
25 protein as it is found in nature in its species of origin.
' Automated synthesis provides an alternative method for preparing
polypeptides of this invention having fewer than about 100 amino acids, and tyﬁically
fewer than about 50 amino acids. For example, the Merrifield solid phase synthesis
method may be employed, in which amino acids are sequentially added to a growing
30 amino acid chain. See Merrifield, J. Am. Chem. Soc. 85:2149-2146, 1963. Equipment
for automated synthesis of polypeptides is commercially available from suppliers such
as Applied Biosystems, Inc. of Foster City, CA.
- In addition to the above polypeptides and DNA sequences, the subject
invention further provides methods of using the polypeptides disclosed above for
35 evaluating immune responses and for stimulating protective immune responses and IL-
12 production. It has been found within the present invention that LbeIF4A contains T
cell 'epitope(s) which ‘stimulate PBMCs from Leishmania-infected individuals to
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qormal PBMCs. These prop_erues of LbelF4A suggest a role for LbelF4A in a
jrotective immune response following L. braziliensis infection. |

In addition, LbelF4A stimulates the production of IL-12 and IL-2 in
20 PBMCs obtained from uninfected control individuals, as well as in cultured human
raacrophages, in the human myeloid leukemia cell line THP-1 and in mice. LbelF4A
also synergizes with IFN-y to stimulate THP-1 cells to secrete IL-12, and the induction
of IFN-y production by patient PBMCs is abrogated by. the presence of anti-IL-12
- antibody. The ability to stimulate IL-12 and IL-2 production indicates that LbelF4A
25 has the ability to induce a protective' immune response, and that the polypeptides __
dzscribed herein have a wide applicability in the prevention and treatment of chseases |
such as cancer, as well as infectious diseases. : !
- Accordingly, in one aspect of this invention, methods are dxsclosed for
evaluating a patient's overall ability to generate an immune response. As used herein,
30 the term "patient" refers to any warm-blooded animal, preferably a human. A patient
may be afflicted with a disease, such as leishmaniasis (or other infectious diseases) or
cancer, or may be normal (i.e., free of detectable disease and infection). In general, the
level of a proliferative or Thl-associated response elicited upon. exposure of a patient's
PEIMC:s to a LbelF4A polypeptide is indicative of the patient's capacity for generating
35 an immune response. : '
Briefly, such an evaluanon of a patient's ablhty to generate an immune
response may be performed by contacting PBMCs obtained from the patlent who may

(@
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30: 933, than or equal to 5 is indicative of an individual with a reduced capacity for generating
15" an immune response. Alternatively, the response measured may be the secretion of one
or more specific cytokines (such as IFN-y, IL-2, IL-12 p70, IL-12 p40 subunit, IL-1 and
TNF-a) as described above, or the level of mRNA encoding one. or more specific
cytokines (such as IFN-y, IL-2, IL-12 p40 subunit, IL-1 and TNF-a), as determined by
techniques well known to those of ordinary skill in _thé art (which may include
20 amplification by polymerase chain reaction (PCR)). High levels of such cytokine
secretion or mRNA expression correspond to a superior capacity for generating an
'immune response. In general, a patient has a lowered ability to generate an immune
response if IL-12, or mRNA encoding IL-12, cannot be detected (by the methods
disclosed herein) in PBMCs treated with a LbeIF4A polypeptide.

25 - In further aspects, the present invention provides methods for
. stimulating immune responses in PBMCs and isolated component cells (including, but
. not limited to, macrophageé, monocytes, B cells and dendritic cells). For stimulation of
such cells, the cells may be isolated by any of a variety of techniques well known to
~ those skilled in the art (such as Ficoll-hypaque density centrifugation), and contacted
30. with a LbeIF4A polypeptide in sufficient quantities and for a sufficient time to generate
an immune response, as described above. The cells treated according to this invention
may (but need not) have been isolated from a patient afflicted with leishmaniasis, or
another disorder, and may be reintroduced into a patient after treatment. For cells
- obtained from Leishmania-infected individuals, the immune responses that may be
35 generated include a preferential Thl immune response (which includes stimulation of
IL-12 production) and the down-regulation of IL-10 expression. For cells from

uninfected individuals, the immpne response may be the production of IL-12.



1982; and Bitter et al., Proc. Natl. Acad Sci. USA 81:5330, 1984. The

| eader sequence 25 may be nodified to contain, near its 3 end, one or
nore useful restriction sites to facilitate fusion of the | eader sequence
to fore/9g¥®s. The transcriptional and translational ®EHYISOME4uences
I n expression vectors to be used in transform ng vertebrate cells may -be
provi ded by viral sources. For exanplel8comonly used pronoters and
enhancers are derived from Pol yoma, Adenovinis 2, Siman Virus 40 30
(Sv40), and hunman cytonegalovirus DNA sequences derived fromthe SV40

viral genone, for eﬁa SV40 ori early and | ate pronoter, enhancer,
splice, and pol yaden®l l?tﬁﬁ aspeg's, n'gﬁ peeseate dnyentiono profides, amethads fEnet i ¢

el ement s %ﬁﬁulahﬁd droénhaﬁﬁﬁgﬁﬁqueqfesﬁbnb@d ﬁf hi@dHts) SinENQiInCRMARMES . Il lbReear |y

~and late gwgngmg a;‘ﬁ rtlclul arI use{(31 cause both ar, obt ai n eaS|Iy
from t he ¥ 4A poiyps ¢ uel e fmetamOaatt Aot tar T o 1

of repli ceanhamee (aicellglar tandfor , hlmuradr en@infe reSpons®78) a diffaiehteranugen ar@}er SV40

fragment s ggﬁlgg e h 0

ext endi nga@}é}h %Lgéfdﬁ“ Q&l?ééﬂti@\%t%dfr‘%ﬂ% ?H F?ﬁ‘%% g‘?oc??ed | n

viral - vpscifiy aniipen, the patient's immune response to the antigen may be enhanced. In thi

PCT/ US95/ Qgfeedt the ISHelFAA pbiyﬁeﬁﬁdlé Gy Wauﬁnmaeieadﬁﬁmnl:u{et e aﬁhoﬂenom c

pr onot er, control —and/or naI seq ences .nay ,be ut| |ded such
bont rol - s&GoNpEine] a8 A b iR iR Seesrrielh doenBiah AAHES
vectors cée dntigemand ﬂnd.thebF%pdypeﬂtmlemle adminkseradat thedamie tigne avial sueOeIhI
5 or odB: 298 b, LBelraa polypeprides B8 itka S LEAE aleReb ot
expression o Fan & epl i al
cel | s canpieparations qudaemlgmmnntsa Shitable dases anid meathods afadmanisization are Mol {
| munol . ?&s@é’t@d m]@&ﬁl béow' ef erred eukaryotic vect or f or expression of
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polypeptides may also be admm stered to Leishmania-infected
individuals, elther alone or along with other Leishmania antigens to stimulate the
15 production of antibodies that bind to Leishmania parasites. Immunization of mice with
* LbelF4A in a model generally recognized as being reasonably predictive of a response
to Leishmania species in humans and other mammals has been found to result in a
‘orotective immune response against L. braziliensis, confirming the utility of LbelF4A
as a vaccine. The polypeptides of this invention may be administered, for example, to
20 patients suffering from chronic cutaneous leishmaniasis to stimulate a curative immune

1esponse.

~ In further embodiments, the polypepti'des disclosed herein may be
administered to a patient to generate an immune response. For Leishmania-infected

- individuals, the immune responses that may be generated include a preferential Thi

- 25 immune response (which includes stimulation of IL-12 production) and the down-
regulation of IL-10 expression. For unmfected mdmduals, the immune response may

b2 the production of IL-12 and/or IL-2, or the stimulation of gamma T cells. Suitable

doses and methods of administration are as described below. '

. In yet another aspect of this invention, one or more LbelF4A

30 pulypeptldes may be administered to a patient afflicted with a disease responsive to
Interleukin-12 stimulation. Such .diseases include infections (which may be, for
example, bacterial, viral, or protozoan) or diseases such as cancer. In general, the
responsiveness of a particular disease to IL-12 stimulation may be determined by
evaluating the effect of treatment with a LbelF4A polypeptlde on clinical correlates of

35 immunity. For example, if treatment results in a heightened Thl response or the
conversion of a Th2 to a Thl profile, with accompanying clinical improvement in the

trested patient, the disease is responsive to IL-12 stimulation. Polypeptide
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the DNA const r yghSodiicis' & Yaccines may be administered by injection (e.g., intramuscular,
‘intravenous or subcutaneous), intranasally (e.g., by aspiration) or oraily. The amount
and frequency of administration will depend, of course, on such factors as the nature
and severity of the indication being treated, the desired response, the condition of the

: patient, and so forth. Typically, between 1 and 4 doses may be administered for a 2-6

20 week period. Preferably, two doses are administered, with the second dose 2-4 weeks
later than the first. A suitable dose is an amount of LbelF4A polypeptide that
stimulates the production of IL-12 in the patient, such that the amount of IL-12 in
supernatants of PBMCs isolated from the patienf is between about 10 ng and 10pg per
mL. In general, the amount of IL-12 may be determined using any appropriate assay

25 known to those of ordinary skill in the art, including the assays described herein. The
amount of LbeIF4A polypeptide present in a dose typically ranges from about 1 pg to
about 100 mg per kg of host, typically from about 10 pg to about 1 mg, and preferably

- from about 100 pg to about 1 pg. Suitable dose sizes will vary with the size of the
animal, but will typically range from about 0.01 mL to about 5 mL for 10-60 kg animal.

30 Specific appropriate dosages for a particular indication can be readily determined.

' While any suitable carrier known to those of ordinary skill in the art may
be employed in the pharmaceutical compositions of this invention, the type of carrier
will vary dep‘énding‘ on the mode of administration and whether a sustained release |
administration is desired. For parenteral administration, such as subcutaneous

35 injection, the carrier preferably comprises water, saline, alcohol, a fat, a wax ora buffer.
For oral administration, any of the above carriers or a solid carrier, such as mannitol,

- lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose,
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- mutant strain of yedaty bhekvarigty lof apiiu\dantSymay) ber emplayed ripptheprascinesred a
promt er  deidm4Rehtical compositions of this invention, in addition to the LbeIF4A polypeptide,
to nonspecifically enhance the immune response. Most adjuvants contain a substance
15 designed to protect the antigen from rapid catabolism, such as aluminum hydroxide or
mineral oil, and a nonspeclﬁc stimulator of i immune responses, such as- lipid A,
Bordella pertussis or Mycobacterium tuberculosis. Such adjuvants are commercially
available as, for example, Freund's Incomplete Adjuvant and Complete Adj uvant (Difco
“.aboratories, Detroit, MI) and Merck Adjuvant 65 (Merck and Company, Inc., Rahway,
20 N)). ' _ _
_ In another aspect of this invention, methods are provided for
cletermining the ability of a given antigen to stimulate a protective immune response.
“he ability of LbelF4A to stimulate Interleukin-12 production correlates with the
cevelopment of a protective, Thl response in infected patients and PBMCs isolated
25 from infected patients. Therefore, determining whether a selected antigen is capable of
simulating IL-12, IFN-y and/or IL-2 production provides a rapid, reproducible
screening method for use in vaccine development. Antigens that are capable of
e.iciting a Thl response, as demonstrated by the stimulation of gamma T cells, IL-12,
and/or IL-2 production in normal peripheral blood mononuclear cells using the above-
30 described methods, are generally suitable for preparation of a vaccine. |
LbelF4A protein derivatives may also be used as immunogens, reagents
in immunoassays, or as binding agents for affinity purification procedures. LbeIF4A
polypeptides for assay or purification purposes may be bound to a solid support. The
pclypeptide may be bound to the support using a variety of techniques known to those
35 in the art, which are amply described in the patent and scientific literature. In the
context of this aspect of the present invention, the term "bound" refers to both
noncovalent association, such as adsorption, and covalent attachment (which may be a
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described by Hnd et al., Proc. Natl. Acad.“"Sci. USA 75:1929, 1978,

i nvol ves selecting for Trp[err] transformants in a selective medium
consisting of 0.67% yeast nitrogen base, 0.5% casam no acids, 2% gl ucose,

10 mg/ M 30 } | ' sbnit drdd
vectors conpr i ks VAR YefReaPl arkipfl hd SiRBbod Soliiool W RO sl be o

medi um consi stlinkgeedy vy cefse @ossriinking agsmh ptBinding by adsprgtion Jeca well in a
fﬁppkazgnt ed V&%ﬁdﬂot&@r plater ok t@tieﬁiﬁﬂﬁ)r?i_%disfiﬁfef@:‘eﬁl_' I 8Gcl cades)r %drkbgﬁﬁ)hoﬁmsafbe
e ronot er oceurs_upon exhaustion of ne uco e yea

super nat agt s aﬁcgl?{ﬁ& \f7§§P’étﬁgtH§5 t?‘F PP yQF?tb‘p?’ Hhﬁs‘ﬂg:bgeweﬁ’[‘gﬁﬁhepﬁph r“‘g orggyr a
further pur$fisuithbleramodmt iof timeraThel dontact timensaries With gempeSptms) (hut ris typically
Tri chopl usi i i¢ microti

T ChoP 1 ) kb ) S TR b o AR i
PCT/ US95/ 05064plate (sichrasipolysairens: arcpedyvinylchioride): witl o gmountpiqolyneptide ranging:
celI's are revigyRthboliP]0 g 30Bbsut 10Yg, lanaksibferdblly &wsa,néiipé&ﬁleﬁnpwﬁm an

6:47, 1988. Exayples of suitahle mammal i'an host cel |l lines include the
COS-7 |ines ofadegpatepme WIHgeN-s  described by G uznan, Cell 23:175,

1981, and dpher cell |inThe polypbptiies imayxpe eovdlaglyabound wpprsolid isapport asingra
oS RIS B8 (i By il e R, i brosiing
agents, such as M-maleimidobenzoyl succinimide ester and N-hydroxysuccinimide,
which covalently bind the polypeptide at cysteine and lysine residues. LbelF4A
polypeptides may also be covalently bound through reactive side groups to various
15 . insoluble substrates, such as cyanogen bromide-activated, bisoxirane-activated,
| carbonyldiimidazole-activated or tosyl-activated agarose structures, or by adsorbing to
polyolefin surfaces (with or without glutaraldehyde cross-linking). |
Once bound to a substrate, LbeIF4A polypeptides may be used in assays
for antibodies that bind the LbeIlF4A protein. Suitable assays include enzyme linked
20 immunosorbent assays (ELISAs). Such assays may be performed by first contacting a
polypeptide antigen that has been immobilized on a solid support, commonly the well
of a microtiter plate, with an antibody-containing sample, such that antibodies to the
polypeptide within the sample are allowed to bind to the immobilized polypeptide.
" Unbound sample is then removed from the immobilized polypeptide and a detection
25 reagent capable of binding to the immobilized antibody-polypeptide complex is added.
The amount of detection reagent that remains bound to the solid support is then
determined using a method appropriate for the specific detection reagent. _
- Immobilized polypeptides may also be used to purify antibodies that
bind to the LbeIF4A polypeptide. Such antibodies may be prepared by any of a variety
30 of techniques known to those of ordinary skill in the art. See, e.g., Harlow and Land,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988. In one such
technique, an immuﬂogen comprising the polypeptide is initially injected into any of a
wide variety of mammals (e.g., mice, rats, rabbits, sheep and goats). In this step, the
polypeptides of this invention may serve as the immunogen without modification.
35 Altematively, pa_rticulérly for relatively short polypeptides, a superior immune responsé
' rhay be elicited if the polypeptide is joined to a carrier protein, such as bovine serum
albumin or keyhole limpet hemocyanin. The immunogen is injected into the animal



Manmal i an expression vectors may conprise nontranscribed el enments such as
an origin of replication, a suitable pronoter and enhancer linked to the
gene :[Q";)Wﬁ essed, and ot her_ 5" or 3" flanking nontrapa;;ub pefauences,
and 5 or 3" 10 nontransl ated sequences, such as necessary riposomne .

bi ndi ng sites, a pol yadenyl ation site,:iyllce donor and acceptor sites, and
transcriptional termnation sequences.“®urified Lbel FAA pol ypeptides may be
prepared by culturing suitable host/vector systens to express the

reconbi nant translation products of the DNAs of the present invention
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protein n:amnapmnnbﬁaynnﬁha)_ selectxon Aftera sufﬁc1ent time, usually about 1 to 2 weeks,
olonies of hybrids are observed. Single colonies are selected and tested for binding
ectivity against the polypeptide. Hybridomas having high reactivity and specificity are
20 preferred. _ : .
o Monoclonal antibodies may be isolated from the supernatants of
growing hybridoma colonies. In addition, various techniques may be employed to
-1hance the yield, such as injection of the hybridoma cell line into the peritoneal cavity
of a suitable vertebrate host, such as a mouse. Monoclonal antibodies may then be
25 harvested from the ascites fluid or the blood. Contaminants may be removed from the
antibodies by conventional techniques, such as _chromatography, gel filtration,
piecipitation, and extraction. The polypeptides of this invention may be used in the
purification process in, for example, an affinity chromatography step. -
Monospecific antibodies that bind to the polypeptides of this invention
30 may be used, for example, to detect Leishmania infection in a biological sample using
one of a variety of immunoassays, which may be direct or competitive. Briefly, in one
direct assay format, a monospecific antibody may be immobilized on a solid support (as
de:iicribed above) and contacted with the sample to be tested. After removal of the
unound sample, a second monospecific antibody, which has beén labeled with a
35 rerorter group, may be added and used to detect bound antigen. In an exemplary
competitive assay, the sample may be combined with the monoclonal or polyclonal
antibody, which has been labeled with a suitable reporter group. The mixture of sample



in"affinity chromatography purification, by utilizing nethods that are

wel | -known in the 35 art. Finally, one or nore reverse-phase high

per f or mance wo esisdsehr omat ography (RP-HPLC) steps enpl oyi ng hpormsssnsoes
RP-HPLC nedia (e.g., 16 proliferate. Lbel F4A also stinulates PBHCs from
I nfected individuals to generate a Thl cytoﬁ ne profile, See Skeiky. et al.
J. Imunol . 150:93a, 1993. A Thl respons€ is characterised by the
production of the cytokines Interleukin-1 (IL-1), Interleukin-2 (I1L-2),
Interleukin-12 (1L-12) or Interferon-y (IFN-y),. as well as tunor necrosis
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of those of _ordinary skill in the art, and the above formats are provided solely for
exemplary purposes.

10 :
The following examples are offered by way of illustration, and not by
way of limitation. Those skilled in the art will recognize that variations of the invention
embodied in the examples can be made, especially in light of the teachings of the
various references cited herein. -
15



a Th2 response, is present in such stinulated-PBMCs. In fact, Lbel F4A
general I y down-regul ates the expression of IL-10 and nRNA present in the
"resti n? PBMCs of sone |eishmaniasis patients as well as_the LPS-induced
I L-10 POUBHn of patient and normal PBMCs. These pr opEFTIUERY6 pe| Fan
suggest a role for Lbel F4AA in a protective immne response follow ng
L.braziliensis infection. In addition, 2#bel F4A stinul ates the production -of
IL-12 and IL-2 in PBMCs obtained from uninfected control individual s, as
well as in cultured human nmacrophages, in the human nyel oi d | eukaeni a cel |
line THP-1 and in nmice. Lbel F4A al mm ses with IFN-y to stinulate.
THP-1 cells to secrete IL-12 and t on of IFN-y production by.
patient PBMCs is abrogated by the presence of anti-lL-12 16a anti body.
The ability to stinulate |1L-12 d 12 production indicates that
ve |nnune response, and that

t he pol ypeptides descri bedIéRe . b|||ty|nthe
preventg on and treatnent of d| seases such as cancer, as well as infectious
di seases. Accordingly, in one ect of this inve tlon b&?‘gs are
di scl osed for eval udih§xample; fliustates She moleculsy; clopipe; of & t ¥R rmune
response. eficodiggthelle bedzilidnsis nbosomal antigen LbelF4A.

A genomic expression library was constructed with sheared DNA from |
L. braziliensis (MHOM/BR/75/M2903) in bacteriophage AZAPII (Stratagene, La Jolla,
10 CA). The expression library was screened with E. coli-preadsorbed patient sera from
an L. braziliensis-infected individual with mucosal leishmaniasis. Plaques containing (
immunoreactive recombinant antigens were purified, and the pBSK(-) phagemid
excised using the manufacturer's protocols. Nested deletions were performed with
Exonuclease III to generate overlapping deletions for single stranded template
15 preparations and sequencing. Single stranded templates were isolated following
infection with VCSM13 helper phage as recommended by the manufacturer
(Stratagene, La Jolla, CA) and sequenced by the dideoxy chain terminator method or by
the Taq dye terminator system using the Apphed Biosystems Automated Sequencer
Model 373A. . - |
20 The immunoreactive recombinant antigens were then analyzed in patieht
'T cell assays for their ability to stimulate a proliferative response, as described in
lixample 5, below, and a dominant Thl cytokine profile, as described in Example 7,
- helow.

5202900 b

A recombinant clone was identified in the above assays which,

25 following sequence comparison of its predicted amino acid sequence with sequences of
other proteins, was identified as a Leishmania braziliensis homolog of the eukaryotic
initiation factor 4A (eIF4A). The isolated clone (pLelF.1) lacked the first 48 amino
a>id residues (144 nucleotides) of the full length pfotein sequence. The pLelF.1 insert
was subsequently used to isolate the full length genomic sequence. '

30 SEQ ID NO:1 shows the entire nucleotide sequence of the full-length
L sIF4A polypeptide. The open reading frame (nucleotides 115 to 1323) encodes a
403 amino acid protein with a predicted molecular weight of 45.3 kD. A comparison of
the predicted protein sequence of LbeIF4A with the homologous proteins from tobacco

_ (TelF4A), mouse (MelF4A), and yeast (YelF4A) shows extensive sequence homology,

35 with the first 20-30 amino acids being the most variable. The lengths (403, 413, 407,
and 395 amino acids), molecular weights (45.3, 46.8, 46.4, and 44.7 kDa), and
iscelectric points (5.9,- 5.4, 5.5, and 4.9) of LbelF4A, TelF4A, MeIF4A and YelF4A,



term"patient" refers to any warm bl ooded aninal, preferably a human, A
pati ent nay be afflicted with a disease, such as |eishnaniasis (or ot her

i nfectious ﬁﬁﬁﬁig or cancer, or nay be normal (i.e. free o | e
di sease and I nfection In general the | evel of a prollferatlve or
associ at ed response ellcted upon exposure of a patient's PBMCs to a Lbel F4A
pol ypeptide is indicative of the patient's 3§paC|ty for generatlng an '
i mmune response. Briefly, such an evaluation of a patient's ability to
generate an i mune response may be perforned by contacting PBMCs obtai ned

fromthe pati. e% Eg?élée simir. pL}SHIFﬁ,&r ﬁﬁ;ﬁf aﬁ@%@fﬁbﬁbﬁ%?%ﬁ '75152@?[%75 E’(@@E’

frominfected in IVI t 0 generate ne pr

response i s chdBedt eF@@éﬁ’aBVetﬁé’SBWQQl:tWHh a%lelli% Ep:Ri 1209 ﬂ@@'&t%ukllsrﬁ"/l
(IL-1), Interl @ulidebvative! lsubstitution) €k kmerm fnd-- é?wpr(wmw fidngiey, [ €91d%

(IFN-[err]), as well as tu ctor-a (TNF-a). IL-12 is a 5
het er odi neric (BR¥ETYAXES mg'ft’éﬁ“ﬁ ‘g‘s‘%ﬁs‘%‘?ﬁg p35 subunits, which nust be
coexpressed X or the productlon of biologically active IL-12 p70. The p40

subunit is produced only by IL-12- produg’mlﬂ; and is induced in vitro
and in vivo after bacterial and parasit¢€ ion, whereas the p35

subunit is both ubi qui t ous and- &harg 10} glb4AdrbneTherefore, cells
producing IL-12 al so have a | arge.excess (10 100 fold) of biologically 10

i nacti ve free p40 chains.__I_.bel FAA a) so_sti | at es Thl _cyt okine profil e .of
mRNAs such as ItO hose Thlfs example Jescnbes a Southern b%ot analys)l(s of LbeIE%A DNA in

10 Leishmania species. Leishmania braziliensis (MHOM/BR/75/M2903), L. guyanensis
(MHOM/BR/75/M4147) L. amazonensis (IFLA/BR/67/PH8), L. chagasi
(MHOM/BR/82/BA-2,Cl and . MHOM/BR/84/Jonas), L donovani
(MHOM/EY67/HU3), L. infdntum (IPT-1), L. major (LTM p-2), L. tropica (1063C),
Trypanosoma cruzi (MHOM/CH/00/Tulahuen C2) and 7. brucei (TREU 667) were .

15 used and have been previously described (see Burns et al., Proc. Natl. Acad. Sci. US.A.
90:775-779, 1993). Promastigotes and epimastigotes were cultured in axenic media. L.
chagasi and L. ‘amazonensis amastigotes were obtained from spleens of Syrian hamsters
and footpads of BALB/c ByJ mice respectively, and purified as described in Burns et
al.,, J. Immunol. 146:742-748, 1991.

20 Genomic DNA was prepared, digested with ehzyines which cut both
within (Ps and Nof) and outside of LbeIF4A (BamHI, EcoRl1, EcoRV, Hindlll, Pvull,

_ and Sstl), separated on 0.7% agarose gel and blotted onto Nytran membrane, as
described in Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, New York, 1989. A restriction fragment compnsmg a ~0.94

25 kb fragment (nucleotides 143 to 1083) of the codmg region of LbelF4A was
radiolabeled by the random priming method (see Feinberg and Vogelstein, Anal.
Biochem. 137:266-268, 1984) and blots were hybridized overnight at 65°C. Blots were _
washed twice at 65°C for 20 minutes with each of 2X, 0.5X and 0.2X SSC containing -
0.1% SDS. L. braziliensis genomic DNA contained at least two copies of LbelF4A as

30 exemplified by the presence of two hybndlzmg bands in the BamHI and Pvull lanes

(Fig. 1).

The same figure also illustrates the cross-species conservation between
the eIF4A homolog of L. braziliensis and other Leishmania species. Two major Ps!l
hy_bndlz_mg fragments were detected in all other Leishmania species tested with

35 members of the L. donovani complex (L. chagasi, L. donovani, and L. infantum)
showing identical hybridization patterns. LbeIF4A also cross-hybridizes with the more
distantly related parasite T. cruzi but not 7. brucei under stringent hybridization



encoding IFN-[err], IL-1, IL-2, 1L-12 p40 subunit, and TNF-[err], in PBMCs °
from Lei shmani a i nfected patients. No detectable IL-4 or IL-10 nRNA,

i ndi catj¢ossh3r Th2 response, is present in such stinul ake?nf‘% In fact,
Lbel F4A gener al I y down- 15 regul ates the expression of present.

in the "resting”" PBMCs of sone Ielshma?gams patients as well as the
LPS-induced |IL-10 production of patienfand normal. PBMCs. These properties
of Lbel F4A suggest "a role for Lbel FAA in a protective i mune response
following L. braziliensis infection. In addition, Lbel F4A stinulates the

product i oBomditibnts: 1 Fhésetakd-siow Bxtefisive edss- sﬁéﬂ&&' Bfiderya08R UP][LIEJ 5 RAamant r ol

I ndi vi dual as in cultured human crophages, 1n unan nyel oi d
| eukem a E@T“IAaﬁ‘?‘H%i%HP- 1 and in mce. Lbel FAA al so synergizes with
|FN-[err] to stinulate THP-1 cells to secrete IL-12, and the induction of

| FN-[err] production by patient PBMOQ& ed by the presence of
anti-IL-12 antibody. The ability t e 1L-12 and IL-2 production -

i ndi caPes that Lbel F4A 25 has Pieparation of UbelR4Anduce a protective i mune
. response, and that the polypeptides described herein have a w de
applicability in thﬁ}lpl:)reventlon and treatnment of diseases such as cancer

as wel | as infecti oddiysxample Hlusirates the expression and urificaien obthe; +45kD:
i nvent i onLbelFYACiftigen gesl prodocte The s l&)’@i’eﬁé&b{iﬂnﬁa&ig%h M thes éﬁ\sﬁﬁ@uonebl lity.
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af f | i dDedoflRTG-indiliced enlayres u'ﬂm melusivnYodiesi were dsolated andsequentdatiyt washed

"nfect ?3%5'9 9%‘@3‘;&% (SqPMRHs 1 B 150 alieafoc B3R v EPTN Bllafufh 3725 °'F

response and Ggaﬁammg u‘wmmombmm dusualy tierd and
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generate 8 L B{Fﬁ B%'g or ﬂ@ﬂ’%})‘%oﬁ'&“&!ﬁ ngP F’B€k§‘°§bt"%l ned
from tife hahomiextym m;amphshed by preparative SDS-PAGE electrophoresis, followed.

' by excision and electroelution of the recombinant antigens. All antigens used in our
,tudles had less than 10 pg/ml endotoxm in a Limulus amebocyte assay performed by
“mmunex Corp., Seattle, WA.

- The recombinant antigen was used to immunize a rabblt for the

20 production of a polyclonal anti-serum. An adult rabbit (New Zealand White; R & R
Rabbitry, Stanwood, WA) was immunized by subcutaneous immunization with 100 pg
cf purified LbeIF4A in incomplete Freund's adjuvant (IFA, GIBCO, Grand Island, NY)
together with 100 pug of mm"amyl dipeptide (adjuvant peptide, Calbiochem-

Movabiochem Corp., La Jolla, CA), followed by a boost four weeks later with 100 pug

25 of the recombinant antigen in IFA alone. Three weeks later, the rabbit was boosted

intravenously with 25 pg of LbelF4A in saline and serum was collected one week later.
Immunoblots of L. braziliensis lysates from ‘promastigotes harvested

during the early-, mid-, or late-log phases or following a temperature shift of the culture

from 22-35°C were subsequently performed with the polyclonal rabbit anti-serum as a

30 probe (Fig. 2). Panel A of Figure 2 shows the immunoblot analysxs of molecular
weight markers (lane M), E. coli lysates from uninduced (lane 1) and induced (lane 2)
cultures, and the purified recombinant antigen (lane 3). Panel B of Flgure 2 shows the
i munoblot analys1s of L. braziliensis promastlgote lysate (lane 1), L. chagasi
promastigote lysate (lane 2), and L. amazonensis promastlgote (lane 3) or amastigote

35 (lane 4) lysate,

- Parasite and mammahan cell lysates were prépared by freeze/thaw lysis
“of pellets in SDS sample buffer without glycerol and fB-mercaptoethanol. Insoluble
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17 be infected or uninfected, with a pol ypeptide of this invention, and

NMeasuri-ng aypsy! response of the cells. PBMCs for this p Eﬂﬁl : be
i sol ated by rreﬁlﬁgsgeknom to those in the art, including by g’éns.tg’{/%““

centrifugation through, for exanple, Ficol I%frr] -(Wnthrop Laboratori es,
New York). In general, the anpbunt of polypeptide that is 5 sufficient for
eval uation of about [err] cells ranges fromabout 1 [err]g/m to about 50
[err]g/m, and preferably is about 10 [err]g/m . Incubation of polypeptide

with PBMCs is I 7 by ReMtiad [
i ncubation with poly pept| e assay sultab sponse.
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20 Thls example 1llustrates the preparation of monoclonal antibodies

agamst LbelF4A. Preparations of purified recomblnant LbelF4A or transfected cells

- expressing high levels of LbelF4A, may be employed to generate monoclonal

antibodies against LbelF4A using conventional techniques, such as those disclosed in

U.S. Patent No. 4,411,993. Such antibodies may be used to interfere with LbelF4A

-25  activation of PBMCs, as components of diagnostic or research assays for LbeIF4A, or
in affinity purification of LbelF4A. :

To immunize rodents, LbelF4A immunogen is emulsified in an adjuvant

(such as complete or incomplete Freund's adjuvant, alum, or another adjuvant, such as

Ribi adjuvant R700 (Ribi, Hamilton, MT), and injected in amounts ranging from 10-

30 100 pg subcutaneously into a selected rodent, for example, BALB/c mice or Lewis rats.

. Ten days to three weeks days later, the immunized animals are boosted with additional

immunogen and periodically boosted thereafter on a weekly, biweekly or every third

week immunization schedule. Serum samples are periodically taken by retro-orbital

bleeding or tail-tip excision for testing by dot-blot assay (antibody sandwich) or ELISA

35 (enzyme-linked immunosorbent assay). Other assay procedures are also sultable, such

as inhibition of the elicitation of a Thi response.



di scl osed herein) in PBMCs treated with a Lbel F4A pol ypeptide. 25
In further. aspects, the present invention provides nethods for stinulati ng

.1 mune s in PBMCs and isol ated conmponent cells (i but not |
lim ted{vg’(?gggrégr ophages, nonocytes, B cells and dendriti J@évéj’éﬁg“‘#
stinmulation of such cells, the cells il be isolated by any of a variety of

techni ques well known to those skilled #h the art (such as Ficoll-hypaque

density centrifugation), and contacted 30 with a Lbel F4A pol ypeptide in
sufficient quantities and for a sufficient tine to generate an inmmune

response, as describ n | NV ntion
may (but need not) hgglé&g@ ?Fggﬁ%&a%d%rp% n@%&g g‘f@é’ﬁ?“ﬁ#‘f ﬁ?sﬁveai}“ﬁ\?karee

| ei shmani agiven ap integyenaus injgetion-of antigemin salipe. b iter foup dleyselater;the apinals i ent
e’ nmineee bl sphiey e AR, ahd Ml Gl B B6iad %‘P‘iﬁ” ‘“d?am
i mune resb@ﬁs‘gpﬁﬁﬁl} &m&géé&ﬁﬁtl%éﬁ)of Hyhri i gsRprated by he
d(ﬁvvn re§ul tis @m&ﬂuﬁcﬁ;glg:d Llﬁsmuhrnle maicrotitér plaf?% HﬂdelB‘cﬁOé Qﬂec}nmﬂl (C/il;oﬁlual S,
t he 1 mune_J e uctlon . at ’
aspect s, ﬁ’g%%’? s°2'§ f‘ "8?@6 %%’dgn “é‘flﬁnﬁu Mt Fﬁ“ i
enhanci ng proliferationcefonsfused cﬂlhsamyehm-mydohmdlybgdsumﬂrsplenbcytwplenocyte
enbodi nenthy@.ldsbel FAA pol ypeptide may be .used as an i munonodul ati ng agent
to enhance ‘a cellul af nd/ or hurmral |mTune response to a different

antigen. By 5 adni nFiyPEAomy lines thus gepsrated gandha scaeened by EIdBAder reagtivity
conbi nadi owithiIWRIF4 ALl fof exfifipleSHE addp tﬁu@ﬁtdfqa@t u@@&is&l&be@bé gll et

ol ypept | dBonig e é%”#@e?@ﬁ&hﬁ TS Pt RerEitaoblh® & grdtepetci nd)
as t he ant scgeemjngotechniquais thd-nb(giyewapduemapeldﬁscﬁhedggnﬂeddmamavﬂvdr the
ant i gen anghfor pgkEAY) (190PORld brfofalfHes M bEREE! B+ ekl P by 2"
/dilution or by cloning in soft agar, to yield a monoclonal cell line. Positive clones are
15 then injected into the peritoneal cavities of syngeneic rodents to produce ascites
~ containing high concentrations (>1 mg/ml) of anti-LbelF4A monoclonal antibody. The
resulting monoclonal antibody can be purified by ammonium sulfate precipitation
followed by gel exclusion chromatography. Alternatively, affinity chromatography
based upon binding of antibody to protein A or protein G can also be used, as can
20 affinity chromatography based upon binding to LbelF4A. | |

EXAMPLES

25 : - This example illustrates the ability of purified recombinant LbelF4A to
stimulate proliferation of PBMCs from L. braziliensis-infected individuals. Peripheral
i”lood was obtained from individuals living in an area (Corte.de Pedra, Bahia, Brazil)
endemic to L. braziliensis transmission where epidemiological, clinical, and

 jmmunological studies have been performed for over a decade. Diagnosis of the

30 patients was made by clinical findings associated with at least one of the following:
isolation of parasite from Iesmns, a posmve skin test with Leishmania lysate ora

~ positive serologxcal test.
Peripheral blood was collected and PBMCs isolated by density
centrifugation through Ficoll™ (Winthrop Laboratories, New York). _For in vitro

35 proliferation assays, 2 - 4 x 105 celis/well were cultured in complete medium (RPMI
1540 supplemented with gentamycin, 2-ME, L-glutamine, and 10% screened pooled
A+ human serum; Trimar, Hollywood, CA) in 96-well flat bottom plates with or



10" this manner, Lbel F4A pol ypepti des may be used, for exanple, as

adj uvants in vaccine preparations for heterol ogous agents. Suitable doses
and net hods _0 dninistration are presented in detail bel ow. %4

pol ypepti deé’v@z%so be adm nistered to Lei shmani a-i nfected # I ?@.ﬂ?‘s,
either alone or along with other Leishmania antigens to stimulate the 15
production of antibodies that bind to Leishd8nia parasites. |nmunization of

mce with Lbel F4AA in a nodel generally recognized as being reasonably
predictive of a response to Lei shmani a species in humans and ot her mamal s

brazi 1 ensi s, Oe 1Y hg/rof Ty dicaled Aigs o BEFHA STl aumochemicals,

pol ypept i des ofStiIxuss, MO} firifive dugy. The eellsi weérs tiesnashisetionitle  au@ilof [3Hpthyhidine

patients suffer M aneous . | ei shmani-asi's to stinulate a
curative i mrungbr&gf)gnse ﬂF&Q?bﬂfu#é&? ‘enmbodi nents, the EOI ypeptides discl osed
!

herein may be adni ni st er d3nta care yepresenied tas greanrepm of) triplicate qudiwpesngnd ther
Lei shmani a- ignf %ﬁﬁﬁfhnloﬁcihawgmb%eﬁh&hk iR e P LfGRs Wit afifiyenlndafGind lofd

include a preferential. Thl 2 |mTune re ( i ch stimu
of 1 Lo 32 oF o STy ke s e vAs oh tsurfé @W&é §i°8hm°ﬁicf;t7b‘9°
uni nf ect ed i ndinvicdsi! and tabtive mi‘un&léde%ntmsmsm trbspoﬁdaﬂuotwaiFm With13

and/ or 1L-2, arma I ce bl e _dose

met hods of admhﬁ egqgeé%é'g*rgﬁ% S‘F‘i%'a”é' &%on 1§ t‘°5ﬁ%¥‘§%i’°§£3%c? 233
this invention and)ﬁéOéﬁrcspﬂethbel FAA 30 _pol ypeptides may be adnministered to
a patient afflicted with a disease responS| ve to Interleuldn-12
stinmulation. Such diseases incl ude i nfections (which nmay be, for exanple,
bacterial, viral, or protozoan) or diseases such as cancer. In general, the
responsi veness of a particular disease to IL-12 stinulation may be

determ ned by evaluating the effect of treatnent with a Lbel F4A pol ypepti de
on clinical correlates of 35 imunity. For exanple, if treatnent results
in a heightened Thl response or the conversion of a Th2 to a Thl profile,

wi t'h acconpanying clinical inprovenment in the




treated patient, the disease is responsive to IL-12 stinulation.

Pol ypepti de WO 95/ 29239

PCT/ U 19 adm nistration my be as descrrbed bel extend
for aS?E%%QQEQerrod of time, depending on the |nd|cat|onﬂﬁhﬁg%%§&%bove
aspects, in which a Lbel F4A pol ypeptidg is used to stinulate or enhance an
| Mmune response in a patient, the pon%%ptide Is preferably 5 formulated
as a pharmaceutical conposition or a vaccine. Pharnmaceutical conpositions .
general ly conprise one or nore Lbel F4A pol ypeptides in conbination with a
physi ol ogi cal | y acceptable carrier, ﬁgéggggent or diluent. Such carriers
will be nontoxic to recrprents_at t ges and concentratrons enpl oyed.
The VaCC| nes Tava ATE -rg' OV !g\l l.u-_l' D;‘J B S DHEKA 61(!4 14. f IGC WA LN u“ galdr nore
addi ti onal antigens 3pResnsa \ ind TN | ..,he use of Lbel F4A
proteins in conjunctron Wi th solubl e cyto I'ne receptors or cytokrnes IS

al so contesp = e 5 S ad af-i-0n—3 polypepti de

doses %il | vary from | ndr[ﬁ-' ¥

currently . I n
general , : ; s _

admi ni stered by injection (e.g., intranuscul ar, Srlnt ravenous or- S.IL -
subcut anepfsgosipt ranasal ly (e.g., by aspirati on) or orally. The anount and
frequency ofy adm ni strator gn U‘b depgln @5 cou§§43 on 134plg gct org as the
nat ur ggand ggverity of cati g |( )tre§b§ 1'3 E;feb ed igsponse

y, t dose
e fr?gs)t '

are adm ni siered, wth tunﬁ ond do at er

t he condrtr of the paty n nd so Typi
doses may Rgadm ni stere)dﬁf GB)a %wggg l d Pr ]gg
AR

sui tabl e do% s an armrbrit8 beI F431 that 41.50 (4 5) 226
' 15 0.28 (0 0) 3540 (3_ 2) 124 6.90 (2.5) 24
CUTANEOUS

AS 022 (0.0) 19.14 (1.3) 87 14.30 (2.3) 64
P 025 (0.0)  55.63 (8.6) 218 4.40 (0.3) 17
20 Vs 0.17 (0.0) 0.26 (0.0) 1.5 . 0.3 (0.0) 2
RJ 0.10 (0.0) 032 (0.2) 3.0 1.5 (0.6) 15
JA 0.16 (0.0) 0.77 (0.1 4.7 25 (0.2) 16
AD 420 (1.0) 401 (1.0) 20 14.1 (2.2) 35
HN 0.36 (0.0) 473 (1.7) 13 4.69 (1.7) 13

25 DIFFUSE CUTANEOUS -
VAL 0.22 (0.0) 0.51 (0.3) 2.0 2.12 (0.2) 9.0

_ SELF-HEALING CUTANEOUS |
GS 021 (0.0) 19.70 (4.4) 94 41.50 (2.8) 198
30 MS 0.09 (0.0) 0.60 (0.1 6.5 5.10 (2.1) 57
AH 0.11 (0.0) 59.60 (7.1) 519 9.60 (4.7) 83
DJ : 0.12 (0.0) 020 (0. 1.6 19.00 (6.7) 151
- HS 0.12 (0.0) 27.10 (2.0) 225 12.40 (2.7) 103
MCT 0.38 (0.0) 130.30 (14) 340 6.20 (1.5) 16 -
NORMAL .

Lv 0.14 (0.0) 0.19 (0.0) 14 0.71 (0.1) - 4.0
VvV : 0.18 (0.0) 0.31 (0.1) 1.7 0.28 (0.1) 1.5
N3 0.14 (0.0) 036 (0.1) 2.6 0.27 (0.1) 1.9

40 N4 0.59 (0.1) 2.00 (0.3) 3.8 0.56 (0.0) 1.0

In general, the stimulation indices were higher with PBMCs from -
muc osal individuals. PBMCs from some mucosal patlents responded to LbelF4A with



stinul ates the production of IL-12 in the patient, such that the anount of

I L-12 in supernatants of PBMCs isolated fromthe patient is between about
10 ng and 1 er mL. In general, the anmount of IL-12 may

det er m ned Sgﬁﬁg&%ﬁg appropriate assay 25 known to those of or |nary0@L|I
in the-art, including the assays ‘descri bed herein. The amount of Lbel F4A
polypeptlde present in a dose typically ran&és fromabout 1 pg to about 100
ng per kg of host, typically fromabout 10 pg to about 1ng, and preferably
from about 100 pg to about 1 [err]g. Suitable dose S|zes will vary with the

size of the ani @Qﬂ%,
m. for 10-60 kgﬂﬂ;éﬁl%ta m%ké éﬂﬁi’@%l‘dag%?%gﬁsle}{e dos %%gﬂtgtpl)%rtlc giﬁ
i ndi cation can mqmrwwmtwenw emhmneassm ythe; pral maevea?sfppewsmowp
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conpositions of this tlon r endi n an
the node of adrRaHFLSy gg)(’g \?vﬁ é?a/{jl%?ﬁ@ ﬁrlﬁ% (—9“%6‘%‘? E‘f
i s desired. 5 Fagiroliferated éi edspﬁﬁmtmLSHeIMA avith ﬁitﬁiilatiﬁn sndicast (A6498% c6ﬁparable to

| nj ection, - { e (alldehudleligiiahhulisC m{mgﬁamvme@m;gégﬁegggg ik {ibals

a wax or a buff or al carrirer

solid carrier, BD¢hadgesponsest bt chmlsméicasﬂsah@her iflean twse obtaines with, parasﬂe

sodi um SaCCha“ Sate.! @ Hk‘@%on?ﬁbﬁﬁﬂl%ﬁxf Qb SRfiFiduals Wit SRly2R4rdthally stimulated b
PCT/ US95/ 05064 gbﬁl eose and magnesf'um carb ona?e mayygl? enpl gysd ared by

Bi odegr adabl e eres (e.g polylactic galactide) may also be

enpl oyed asigarriers for the phar maceuti cal conpositions of this invention.
Sui t abl e bi odegradabl e m crospheres are i, , for exanple, in U S
W Phar maceut | cal

Patent Nos. 4,897,268 and 5, 075 109. 5
conposi tions and vacci gl Simutation wif §1viok xpreksions irPi
ant i OXI dants such as ascorbic acid, |low ol ecul ar wei ght (I ess than

_ This example presents an analys15 of cytokine mRNA expression
15 pattems'of PBMC:s from patients with confirmed cases of L. braziliensis infection. For
cytokine mRNA analysis, 0.5 to 1 ml of PBMCs were cuitured at 1-2 x 106 cells/ml
with or without 10 pg/ml of the LbeIF4A antigen lacking the N-terminal 48 residues of
SEQ ID NO:2 (as described in Example 3) for 48 and 72 hours. The supernatants and
cells were harvested and analyzed for cytokine mRNAs by polymerase chain reaction
20 (PCR). For cytokine mRNA PCR analysis, total RNA was isolated from the PBMCs
using the acid guanidium thiocyanate-phenol-chloroform extraction method, as
described by Chomczynski and Sacchi, Anal. Biochem. 162:156-159, 1987.
Complementary DNA (¢cDNA) was synthesized using poly(dT) (Pharmacia) and AMV
reverse transcriptase (Bethesda Research Laboratories, Gaithersburg, MD) in a final
25 volume of 20 pul. cDNA samples were brought to 200 ul with water. _
Following normalization to B-actin, 12 to 20 pl of diluted cDNA were
amplified by PCR using Taq polymerase (Perkin-Elmer Cetus, Norwalk, CT) with 0.2 .
M of the respective 5' and 3' external primers in a reaction volume of 50 pl. The
conditions used were: denaturation at 94°C (1 minute for -actin, IL-2, and IL-4; 45 sec
30 for IFN-y and 30 sec for IL-10), annealing at 55°C (1 minute for B-actin, IL-2, and IL-4;
30 sec for IL-10) or 60°C for 45 sec for IFN-y and elongation at 72°C. We verified that
our PCR conditions were within the semi-quantitative range by initially performing
serial dilutions of the cDNAs and varying the number of cycles used for PCR. In all
subsequent experiments, 30 cycles were used in the amplification reactions for f-actin,
35 IL-2,IL-4, and IFN-y. Inthe case of IL-10 PCR, 25 cycles were used.
The primer pairs used and the PCR conditions were from published
information; B-actin, IL-2, IL-4 and IFN-y (Ehlers et al., J. Exp. Med. 173:23-36, 1991)



~about 10 residues) pol ypeptides, proteins, am no acids, car bohydrat es

I ncl udi ng gl ucose, sucrose or dextrins, chel ating agents such as EDTA,

gl ut at MBB&:&Q&' other stabilizers and excipients. Neut rah’%ﬁé‘{s&%’%& saline

or saline"mXed with nonspecific 10 serumalbumn are e
appropriate diluents. Preferably, producgt is fornmulated as a |yophilizate

- using appropriate excipient solutions (*.g., sucrose) as diluents. Any of a

vari ety of adjuvants nay be enployed in the vacci nes or pharmaceuti cal
conpositions of this invention, in addition to the Lbel F4A pol ypeptide, to

nonspeci figgl f116! eettiiep»a?vm{zr%aa“§ DRl AL R A9BNT! e

subst ance gned to p ¢ r‘omTapid cat abol1'sm. such
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Detroi t§ MCTEECT G\IKI'ER Adm&antGE‘EA(G?EGWG@IGIA’CGWGAC Rams\)all.-4,20

deterIrnnnfjlrgfgﬁh‘1‘231%'%);‘?'!(’e {:ng:f a gl mtnlt ?&en??@gﬁ%@ﬁéﬁ&g@ﬁ%‘g i mune

response 3bi | i 4) BN-v:bel FAIG:ADAAT GAAGTRATATCITBGCT BT oducatdon
corr el at eGATECTAEICGRLE AR Ot €E3)iTY 0, TthC?gm?GGCT@GeCt ed
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preparatiqQn of vacci ne erivatives € us%d as

i munogendluma derlfscONA wasnelesedipy, PER fom miéngevg-sagmlntgd chBMﬁlﬁf from; y
purifipat iRfmdl a6RHS Bing bbgﬂnﬁéleoﬁeé w&s&s Q'Eﬁgﬁélf G RRiplifP’a BYS Iﬁabs@qiairon
purposes %be bound t e e éoqdlggupé%%t} of human IL-10 (Lewis et al., Proc. Natl.
Acad. Sci. U S.A 85: 9743-9747 1988). The cDNA was subcloned into pBluescript and
digested with BamHI/EcoRI. After separation on- 1% agarose gels, insert DNA
fragments were excised, electroeluted, and purified. Radiolabeled 32p_probes were
20 prepared by the random priming method. - :
PCR products were analyzed by electrophoresis on 1.5% agarose gels,
‘ransferred to nylon membranes, and probed with the appropriate 32P-labeled DNA |
insert. Hybridizations were at 55°C overnight. Post hybridization washes were at 55°C
for 20 minutes twice each with 2x, and 1x SSC containing 0.2% SDS.
25 The results of these analyses are presented in Figures 4A and 4B. PCR
cytokine analyses were performed with cells prior to culturing (lanes 0), following
culturing in the absence of antigen (lanes -), or following culturing in the presence of 10
pg/ml L. braziliensis lysate (lanes Lb) or in the presence of 10pg/mi LbelF4A (lanes
I7). Fig. 4A shows the PCR results of cytokine mRNA for three of the six mucosal
30 patients' PBMCs analyzed (JV, SZ, and TE) and one patient (VA) with L. amazonensis
- infection, manifested as diffuse cutaneous leishmaniasis (DCL). In three of the six’
rcucosal patients (TE, Fig. 4A; NO and EO, not shown), PBMCs not cultured in virro
had detectable levels of mRNA for IFN-y and IL-4, as well as IL-2 (patients TE and
ED). IL-10 mRNA was not detected in the "resting" PBMCs from any of the mucosal
35 petients. However, following in vitro culturing in the absence of antigen stimulation,
the synthesis of IL-10 mRNA was upregulated in most of the mucosal PBMCs

O;




pol ypept i de may be bound to the support using a variety of techniques known
to those 35 in the art, which are anply described in the patent and

scientific |j ture. In the context of this aspect of the p

i nventi on, é rz?ﬁ bound” refers to both noncoval ent assomgﬁfgﬁhméouh as
adsorptlon and coval ent attachnment (which may be a WD 95/ 29239

PCT/ US95/ 05064 21 direct |inkage between thd3antigen and functional groups

on the support or may be a |inkage by way of a cross-linking agent).
Bi ndi ng by adsorption to a well in a mcrotiter plate or to a nmenbrane is
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Lbel F4A pol ypegch@anemone used in assays

In general, the levels of mRNAs for IFN-y and IL-2 increased from

undetectable amounts prior to antigen stimulation to readily visual levels following

15 antigen stimulation in ethidium bromide stained gels. However, mRNA for the

cytokines IL-4 and IL-10, were only detected following radxoactwe probing of the
resolved PCR products. _ : : '

Similar PCR analysis was performed on PBMCs derived from cutaneous

patients (Fig. 4B). The resting PBMCs from three (VS, JP and CA (not shown)) of the

20  four patients analyzed revealed high levels of mRNAs for both the Th1 (IFN-y and (IL-

2) and Th2 (IL-4 and IL-10) cytokmes examined. mRNAs for IFN-y and IL-2, but not

for IL-10 and IL-4, were detected in the resting PBMCs of the fourth (AS) cutaneous

patient. Therefore, in contrast to mucosal patients, patients with cutaneous

leishmaniasis have IL-10 mRNA, in addition to IL-4, IL-Z_,I and IFN-y, in their resting

25 PBMCs. Interestingly, while the mRNAs for IL-2 and IFN-y were reduced to barely

| detectable levels following the in vitro culturing of PBMCs in the absence of antigen,

those for IL-10 remained either unaffected or increased. Therefore, in cutaneous

patients, the resting levels of IL-10 mRNA is either stable or their PBMC:s continue to

synthesize IL-10 mRNA in the absence of antigen stimulation. The observation of such

30 a response for cutaneous leishmaniasis patients can be exploited to differentiate

individuals who are predisposed to developing chronic cutaneous leishmaniasis from

those who will experience self healing lesions.

‘ All cutaneous patients tested responded to LbeIF4A antigen as well as to

the parasite lysate by upregulating the synthesis of mRNAs for IL-2 and IFN-y and, in

35 two of four patients (VS and AS), the level of IL-4 mRNA also increased following

sumulatlon with parasite lysate. In the three patients (VS, JP and CA) with detectable




for antibodies that bind the Lbel F4AA protein. Suitable assays include
enzyne |inked 20 i nmmunosorbent assays (ELISAs). Such assays nay be

per for rst contacting a polypeptide antigen that has_been
|nnnblﬁf§3§%%%§a solid support, comonly the well of a it} 6#??@*”&Iate

wi th an anti body-containing sanpl e, such that -anti bodies to the pol ypeptide
within the sanple are allowed to bind 13 the i mobilized pol ypepti de.
Unbound sanple is then renoved fromthe i mmbilized pol ypeptide and a
detection 25 reagent capable of binding to the i mmbilized
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PCri Usos/ (3853493 odLr0 M%‘Dam% cuftied EYCo P Lmppiotal ol dndividvelaui
i ncor por at(hotgshowa).or nore booster inmunizations, and the animals are bled:
periodically. Polyclonal antibodies specific for t he poI ypept I de may then .
be purified fromsuch antisera by, for exanpl e,

15 LbelF4A Stimulat EC kine Secretion in PBMC

This example presents the supernatant levels of secreteci cytokines of
PBMCs from L. braziliensis-infected individuals following stimulation with LbelF4A
antigen lacking the N-terminal 48 residues of SEQ ID NO:2 (as described in.
20 Example 3) or parasite lysate. Aliquots of the PBMC supernatants were assayed for
(FN-y, TNF-a, IL-4, and IL-10. IFN-y was quantitated by a double sandwich ELISA
‘1sing mouse anti-human IFN-y mAb (Chemicon, Temucula, CA) and polyclonal rabbit
anti-human IFN-y serum. Human rIFN-y (Genentech Inc., San Francisco, CA) was
_ used to generate a standard curve. IL-4 was quantitated in supernatants by a double
25 sandwich ELISA using a mouse anti-human IL-4 mAb (M1) and a polyclonal rabbit
¢nti-human IL-4 sera (P3). Human IL-4 (Immunex Corp., Seattle, WA) was used. to
generate a standard curve ranging from 50 pg/ml to 1 ng/ml. IL-10 was measured using
a rat anti-human IL.-10 mAb (PharMingen, San Diego, CA, Cat. # 18551D) to "capturé?'
s:creted IL-10 and a biotinylated rat antthuman IL-10 mAb (PharMingen San Diego,
30 (A, Cat. # 18562D) for detection of bound IL-10 with streptavidin conjugated horse
radish peroxidase and ABTS as substrate. A standard curve was obtained using human
rIL-10 (kindly provided by DNAX Research Institute, Palo Alto, CA), ranging from 30
pg to 2 ng/ml. '
Cells from all three patient groups (i.e., mucosal, cutaneous and self-
35 htahng cutaneous) secreted IFN-y and TNF-a following stimulation with either 10
g/ml LbelF4A antigen or 10 pg/ml parasite lysate (Figs. 5 and 6). Similarly, LbelF4A
stimulated patients with L. tropica infection (Desert Storm Patients) to proliferate and



affinity chromatography using the pol ypeptide coupled to a suitable solid
‘support. 5 : Monocl onal anti bodi es specific for the pol ypeptide

of interestwgmgnbmeprepared, for exanple, using the techni quecaiudésbsoss and
Mistein, Eur. J. Immunol. 6:511-519, 1976, and inprovenents thereto.

Briefly, these nethods involve the preparatjc?on of immortal cell lines
capabl e of produci ng anti bodi es having the desired specificity (i.e
reactivity with the pol ypeptide of interest). Such cell lines my be 10

produced, for exanple, fromspleen cells obtained froman ani mal inmunized
as. described ajese IFNe/ Givt sshoway| |'HleaIeQeIsh@ﬂlbbﬁTﬂFN-Q|anae'ﬂNF§u detscteeix miiiee,

f th | f t b

whth the i rSPEERS, e patet? RBRAES WSS sigoltichndl Aiknkr B 3 plof, RUARERA ©

For exanpl e, téomtop. ebmtheedtisencenaf anfigem stimuistion, omvly Mnibwmeduwsahp%twnts
det f t

O bt e e spl phodil BHEHARE 1dvats GHpkiiRHPIRFRE (@1 ‘?"ﬁ%‘“*" Bie?

nyel oma cel §s. onangdbfdepr Lerl Be‘ﬂ%%@?tﬁﬁe‘? é%wnycﬂfetheﬁgemmfemb%a {pet ghown),

ami nopteri'n, tﬁhf@aﬂh@ﬂbvé@'ﬂéfdw Qhe d¥tdctionalimit’ bf Cthe "ELISA Rissays Hﬂxblcbyed.bOlBy 1

to 2 weeks, colonies of brid are bser.ve ol oni e e S

and tested for“IRRRRSARy '&M %§? S‘wﬁ%@?ﬁ@’b‘? g‘é SIFE{) &‘m‘ﬂ‘g

BI gh rleact Id v:c tandanﬂsamepatiants, Ily-larvms%ﬁkopieﬁcwd(adt sHdwm)c Takex togemei;dhb esultsay
e isolate r |

addi tion, var |%étg&sél{}ga%uﬂ%g§éﬁw\ QJM% o e %ﬂgﬁe%k%ﬁgﬁg &SE% Cs

inj ection &0 tfu@nh&blbr@anmzsenfectednadwm s, Ivhepras ipamasite llysate, stimpuletes 2 mixed

suitable vertepy 9‘?'32&?8 z,%m eds a nouse. Mnoclonal antibodies may then
be 25. harvested h f\'@ﬁ:r 0<g%q:the bl ood. Contam gants ”B%NP(?
removed from the antibodi % ey SepsTnatants, o patient s

chr omat ogr aphyfroiemuédsal fusd sélﬂhemngcxh&ividiialsofhllowmg &Kﬁgehcﬂtinﬁﬂatl&hﬁme higher

| d

o exapl o, oW e of Exipout Bl e o, PEVAGS Bt son Bf 7K b aLBajorly
bind to thespolyp&a iAR;sandf MB)ilmdi supembiantlevels ofePNBex (a;&m fo fzczo rg(miphighet o
detect Lei shmagbg {h3Le Cetdded Tn Scdbbubds® S CABMCY Mot Udtitfécted controls following

stimulation with parasite lysate. Similarly, the same PBMCs were stimulated by

LbelF4A to produce supernatant levels of TNF-o. with values ranging from 0.66 to 3.14

ng/ml. Compared to umnfected controls, PBMCs from three (GS, HS, and MCT) out

20 of six self-healing individuals analyzed produced higher levels of TNF-« in response to

parasite lysate, and all six (GS, MS, AH, DJ, HS, and MCT) out of six sélf-healing

individuals analyzed produced higher levels of TNF-a in response to LbelF4A. The

" levels of TNF-o. produced by PBMCs from cutaneous leishmaniasis patients in

response to parasite lysate were comparable to uninfected controls. However,' LbelF4A

25 stimulated PBMCs in three of these patients (RJ, AD and JS) to produce TNF-o.. Such
" patients may be in the process of developing acute cutaneous leishmaniasis.

EXAMPLES
Stimulation of IL-12 Production by LbeIF42
30 | o | |
This example shows that LbelF4A stimulates PBMCs from L.
braziliensis-infected individuals, cultured human macrophages, adherent PBMCs from
the blood of normal donors and the human myeloid leukemia cell-line THP-1, to secrete
JL-12. IL-12 has been shown to play a pivotal immunoregulatory role in the
35 - development of cell mediated immunity, generation of Thl responses and IFN-y
production in intracellular bacterial or parasitic infections. The LbelF4A polypeptide



one of a variety of inmmnoassays, which nay be direct or conpetitive.
Briefly, in one di ect assay format, a nonospecific antibody may be

i mobi a solid support (as described above) and 8§h W t h the1
'sanpleb*%ﬁ%gagésted. After renoval of the unbound sanpl e, gﬁ%ﬁﬂg _
nonospeci fi c anti body, which has been é&beled with a 35 reporter group, -
may be added and used to detect bound tigen. In an exenplary conpetltlve

assay, the sanple may be combined with the nmonocl onal or pol ycl onal
anti body, whi ch has been | abel ed with a suitable reporter group. The

m Xture Ofg LbeﬂQA?éit?g%ﬁii&km N-terminal 4
PCT/ U895/ (f Ei gl body may hgn b% conblsnrgsc}d t%s&? I%éf)?lzdas
antigen i PF &3Xuitabl e solid support. Antibody that has not

botmd to an atntlgenmnz;ﬂm Wﬂhhﬁsuﬁ:dain' @élf-g'eé %? gﬂﬁaﬁt@ Byh RIA”‘(HC?EHc%;tﬁﬁeld |
antigen, a i nder e sa ant,‘bo S e eve
of agtl bo' %tﬂlg)opg? ng%tgF &? 9@%@@?9@5’ %gdlb?'ég‘f‘”&fat%a]rhg | evel
of ant |5geExp mMedhd 7§d|$§17-d398,hl992 aBlblmgmallym#e Hf-lzpﬂo hetdyodimenlictestiole .
solid su @E?ﬁleﬁﬁ?ﬂ? her -
formats pgirﬁnhls %gﬂf nospem %Q%ﬁ&f% 3:&1&@{ Q@t’ec?&fel sﬁr?;g#gag ?g gsa l e
will be apparent to !&13 hews thatilQ sgjmbLbel F4MLFH9 stimulatechmuepsal am
formats apBMCOt séeﬁtésﬂl-ﬁi dafthewfmearsﬁ AHARACRTh alBaghiidé of

ORI 5 85 PhAE R U i bt et Pl o e e L "
enbodiléd The mhmuakaﬁﬁ].—é% lﬂﬂrsebtetemmetheefbmeaiﬂ IYSatdﬂ ot iafitigerois dlbe sh@aghi ngs
of the Va(MQ&'? ﬁ%fsgfn%r}fg‘ﬁ?e EIE(; %V\};Eetﬁgf b p.éﬁﬂ IL-10 down-regulated the production ' o
of IL-12 p40 by patient PBMCs fouowmg stimulation with LbeIF4A (LelF + IL-lO) or -
lysate (Lb+IL-10).
' ~ PBMGCs from’ umnfected individuals also produced IL-12 p40 when
15 - cultured with LbelF4A (LelF, Fig. 7B), although no p40 was detected in response to
oarasite lysate (Lb). This may suggest a role for IFN-y in the lysate-induced p40
observed in patient PBMCs, which produced 5-100 fold more IFN-y than normal
PBMCs after antigen stimulation (see Fig. 5). S :
To determine whether the IL-12 p40 observed in antigen-stimulated
20 PBMC cultures reflected biologically active cytokine, IL-12 p70 was also assayed in
taese culturéé (Figs. 7C and 7D). -In general, the p70 production paralleled that of p40,
demonstrating that biologically active IL-12 was produced in response to LbelF4A in
both patient and normal PBMCs.
LbelF4A also stimulates IL-12 _production in cultured human
25 macrophages (Fig. 9A) and in adherent PBMCs (Fig. 9B). Adherent cells were
prepared from PBMCs separated by Ficoll-hypaque gradient centrifugation from the
blood of normal donors. 2 x 106 PBMCs were cultivated for 2 hours in 500ul RPMI,
2% human AB serum. Adherent cells were purified by washing the plates 3 times with
P3S. Then 500p! of test medium (RPMI, 2% human AB serum) with the respective
30 stimulus were added (IFN-1000U/ml, LbelF4A (Lt) lOpg/ml) ‘Supernatants were
talzen after 18 hours.
' IL-12 production of adherent PBMCs was measuted by a-capture bio-
assay with 5 day old PHA blast. Briefly, the IL-12 capture antibody C1 1.5.14 (kind gift
of the Wistar Institute) was coated on 96 well plates. Supematants of the induction
35 experiment and recombinant [L-12, as a standard, were incubated for 4 hours. After °
several wash steps, 5 day old PHA blasts were added and the proliferation of these .
blasts was used to determine IL-12 concentrations in supernatants of adherent cells.




WO 95/ 29239 24 EXAMPLES EXAWPLE 1 Pr epar ati on of DNA Encodi ng LbelF4A 5
This exanple illustrates the nol ecul ar cloning of a DNA sequence encodi ng

the L. brazi lSe 1 bOosomal antigen Lbel F4A. A genom c expr ary
V3Ra fhes S

was construct e sheared DNA" from L. braziliensis (MIOM B

bact eri ophage [err] ZAPI| (Strat agene, La Jolla, 10 CA). The expression
| ibrary was screened with E. -coli -preadsorbé& patient sera froman. L.
braziliensis-infected individual wth mucosal |eishmani asis. Pl aques
cont ai ni ng i nmunor eacti ve reconbi nant antigens were purified, and the

BSK(-) ph i d d f | |
pES( ) phage exC o bkl TUAELAA b SEAE s G x 10
del etions for SKBMIGS) farrhdeysdnitestmedium 1§hem@pmnhnse%w¢eswbecgm R@S and
Single st r andedsopMMENE 9% Maftah Y0 ish, 'l T0000BL TFRTY

Qﬁhpiéq52ﬁ%Sdaivrﬁﬁﬁ%ﬁﬂeiwmgﬁ?ﬁdii‘ﬁa&aﬁﬁé v b%ggo' ' aeln
term nat or systsetnlibeiFdA btmrdlnniwrephaﬁwm moubated wlthﬂ.ehéll%’queﬂomﬂ RDNEJ 2%
anal yzed in patiu ABSRfuh NG TS, SRR 1o A gt T8 phs 1804 for
proliferative rindytioneof Hhal2ldepandeatoprolifefationp| Briefly, bk dayvoldihlasts wereiincubated
Thl cytokine prygj lnSacréphagé Stfertifishts PorX WaHL. © Fér 1818 hours, 3H thymidine was
added. Neutralizing anti-IL-12 polyclonal goat serum (5 pg/ml) was added as
10 indicated.
In addition, LbeIF4A stimulates IL-12 production in the human myeloid
leukemia cell-line, THP-1 (Fig. 10). The cells were cultured at 106 cells/mL for 24-48
hours in Endotoxin-free RPMI medium containing 5% Fetal Bovine serum. IOpg/ml
LbelF4A synergized with IFN-y to stimulate THP-1 cells to secrete IL-12 These
15 results indicate the utility of LbelF4A as vaccine.

EXAMPLE 9

20 - This Example examines the interaction among IL-12, IL-10 and IFN~y in
response to the LbelF4A polypeptide lacking the N-terminal 48 residues of SEQ ID
NO:2 (as described in Example 3). As shown in Fig. 8A, PBMCs from patients with
mucosal leishmaniasis were stimulated with 10ug/ml LbeIF4A in the absence (LeIF) or

- presence of 10 ng/ml anti-IL-12 (LeIF + Anti-IL-12), or IL-10 (LelF + IL-10), and the

25 cultured supernatants were assayed for IFN-y secretion. Both anti-IL-12 mAb and IL-
10 abrogated the production of LbelF4A-induced IFN-y secretion. However, anti-IL-12
mAb only partially decreased the production of IFN-y after stimulation with leishmanial
lysate (Fig. 8B). These results show that IFN-y production is IL-12 dependent, and is
inhibited by IL-10, whereas the production of IL-12 is regulated by both IFN-y

30 dependent and independent pathways.

' EXAMPLE 10 .
 LbeIF4A Stimulation of a THI Profile in Mice
35 - '
This example demonstrates that the LbeIlF4A polypeptide lacking the N-
terminal 48 residues of SEQ ID NO:2 (as described in Example 3) stimulates a



- A reconbinant clone was identified in the above assays which, 25 f
al  owi ng sequence conparison of its predicted amno acid sequence wth

sequencge her proteins, was identified as a Lei shmapi i ensi s .
honol og‘%?&tt”ﬁ%t eukaryotic initiation factor 4A (el F4A). Wé@éﬁf‘ed cl one
(pLelF. 1) lacked the first 48 am no acid residues (144 nucl eotides) of. the.
full length protein sequence. The pLel B81 insert was subsequently used to

isolate the full length genom c sequence. 30 SEQ I D NO 1 shows
the entire nucl eotide sequence of the full-length Lbel FAA pol ypept i-de. The

di d 403
P otel i wipiind Ty I A AL BR ke IneRas vl BnRl P 80 |\
predi ct ed Lipel4ei or S (the cC-termindl epdrtion wftthe tbebrmhtrksogmmwmmh‘lal rhsp'f(} om

t ob

sequence . RisH G H%éf’%éﬂtvﬁ‘ﬁﬁ% ?*““%@ﬁ%% '%%ﬁ%?ﬁaﬂ?ﬁ%ﬁ% GUIRN CPA,
vari abl e. ayA&jurEity: hen daysaiten priming, jymply gods. itk
wei ght g (45&13&34&o?nb1ﬂﬁ1t‘hntx ahdl - the hFernatait ctultﬁfesa»astaﬁm foR sécréfed 9.

MO R R TR e
honol ogy pfolifEatethand Becrettd mhialmost ERclhsive Thi ogtokite (IENsy) fsllowingichallenget h
T 67 200 EbaERK o0 e W ABH0ARA" I0 Bhinkd, BRI i filke Bk )2, 14
5 EXAMPLEW mwduead a, ThQ mpfmse with ChA |ap adjugantor Thil STk dipp cgokins (withes a
Sout hefon BuitA ANaHjuwan®) Rith lePstdrg bikdowdids the Th2 cytokines, L4, and IL-10 in
specific response to challénge with 8E. Similarly, mice primed with parasite lysate (
produced a mixed cytokine profile, a result that may argue agamst the use of parasite
lysate alone as vaccine candidate (Fig. 11). '
. These results indicate that LbeIF4A may be used as an adjuvant.
15 Because LbelF4A induced a powerful Thl response, including the two cytokines most
clearly associated with protection in experimental leishmaniasis, IFN-y and IL-12, we
studied the ability of this antigen to protect mice against leishmaniasis. BALB/c mice
were immunized once with LbelF4A with no adjuvant, followed by subcutaneous
‘nfection with L. major seven days later. Compared to the control group, LbelF4A
20 provided significant protection against L. magjor infection (Fig. 12). Thus a
heterologous antigen derived from L. braziliensis can confer some protection to L.
major infection, suggesting that, at least some of the "protective” epitopes are_'
conserved between the two parasites.. |

25 From the foregoing, it will be appreciated that, although specific
embodiments of the invention have been described herein for the purpose of illustration,
various modifications may be made without deviating from the spirit and scope of the
irvention. |



10° Lei shmani a speci es. Lei shmani a braziliensis (MHOM BR/ 75/ M2903), L.
guyanensi s (MVHOM BR/ 75/ MA147) L. amazonensis (| FLA/BR/.67/PH8), L. chagasi
- (VHOM BR/ 82/ BA- and VHOM BR/ 84/ Jonas) , L i

( MVHOV Et/67/‘§€§§7,29 ® i nf ant um (I PT-1), ‘L. major (LTM p-2), L. P ’6’%.9;3@“@
(1063C), Trypanosona cruzi (MHOM-CH 00/ Tul ahuen C2) and T. brucei (TREU
667) were 15 used and have been previousrﬁ9described (see Burns et al.,
Proc. Natl. Acad. Sci. U S. A 90:775-779, 1993). Pronmastigotes and

epi mastigotes were cultured in axenic nedia. L. chagasi and L. ammzonensis
amasti gotes were obtained from spl ee J hanst ers and.f oot pads of
BALB/ ¢ ByJ m ce respectively, and pdﬁ%??%%ggéggggkribed in Burns et al.,J.
‘I mrunol . 146: 742-748,1991. 20 : Genom ¢ DNA was prepar ed,

di gested with enzynes which cut both within (Pstl and Notl) and outside of
Lbel F4A (BanH, EcoRlI, EcoRV, Hindlll, Pvull, and Sstf), separated on 0.7%
agar ose gel ‘BnFERFRAt BRFRMRBINt r an nenbrane, as described in Sambrook et
al ., Mol ecular doning: A Laboratory Manual, Cold Spring Harbor Laboratory
Press, New York, 1989. A restriction fraqgnent conprising a ~0.94 25 kb
fragment (nucl edt] (f@gl‘ Wfoéfdgg) C(S’fp?‘??gzlﬁ"&di ng regi on of Lbel F4A was
radi ol abel ed by the random prim ng nethod (see Fei nberg and Vogel st ei n,
Anal . Bi ochem ' = hoaforofD Vel i di.zed ﬂg&& '
65C. Blots vveré&%/{eé%gag?% cIe at 8§Cdcfogﬂf8%§)sm nutﬁe%aé\? ﬁ%ga‘gﬂy%? &68%%@
and 0. 2X SSENEYREMENT AF RROTBETIVE. IMMUNE RESPONIRSS AND Jdnd nRRODIFIIGNont ai ned at
| east two copies of Lbel F4A as 30 exenplified by the presence of two
hybridi zi ng bands in the BanH and Pvull lanes (Fig. 1). The sane figure

al so i || ustrat@dit AMEER OF SPRUENCES:c8nservation between the el F4A honol og
of L. braziliensis and other Leishmania species. Two major Pstl hybridizing
fragnents were det i ey _Lei shmani a species tested with 35
menbers of the ‘tvﬁ%%%ggsrﬁogg%#ﬁ %(&#_S.S:chagas_i , L. donovani, and L.

i nfantum show ng i dehtANDRESSEESr BERDz abd BRERRAt t erns. Lbel F4A al so

cross-hybridizes wi th, tHS=0RI @300 columbia Center, 701 Fifth Avenue
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distantly related parasite T. cruzi but not T. brucei -under stringent

hybri di zati on WO 95/ 29239 -

PCT/ US 26 conditions. These data show extensive - | es
conseragéggﬁﬁé? t he Lei shmani a el F4AA honol og. EXAMPLE 3 %&9%&338&34
Preparation of Lbel F4A This exanple illustrates the expression and
purification of the ~45 kDa Lbel F4A #8igen gene product. The 45 kDa -
reconbi nant antigen of the genomic clone pLelF.1 (ie., the antigen |acking
the N-terminal 48 residues) was purified from500 mM .10 of |PTG i nduced
cul tures. The ipclsi odj e isolated and sequentially washed in 10
m TNE (50 nM I’)I #E%%Q@go l’%%b%'ﬁﬁ% and 10 nmM EDTA) containing 2,4 and -
8 M urea. FractBoTSLERAR:ai(2061g8Rcd03Bi | i zed reconbi nant antigen (usually the
4 and 8 M urea ] di al yzed agai nst Tris-buffered
saline (TBS) aé%#?%fﬁg%??gﬁsﬁéﬁnﬁgg#%ﬁ ation with 30% ammonium sulfate.
Purification to 15 ‘honpgeneity was acconplished by preparative SDS- PAGE

el ectrophoresis, foll owed by excision and el ectroel ution of the reconbi nant
antigens. Al antigens used in our studies had |ess than 10 pg/m endotoxin
in a LNﬁﬂIHﬂ“@HﬁUﬁ%yF@‘§EQéV’B@f*brned by | mmunex Corp., Seattle, WA The
reconbi nant antigen was used to inmunize a rabbit for the 20 production of
a pol yel ong| PE=1g rabbit (New Zeal and Wiite; R & R

Rabbi try, gfa%%%gﬁéﬁﬁﬁg\éﬂ?éﬁ#ﬁéﬁied by - subcut aneous i muni zation with 100
[err]g cf purif®edENGE:F3A18 bapeaaipbet e Freund' s adjuvant (I FA, G BCO,
Grand |sland, MNY) tkegethieieid 1h;400 [err]g of nuranyl dipeptide (adjuvant

pept.i de, Cal bi ochem
_ (C) STRANDEDNESS: single : . '

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: CDS
(B} LOCATION: 115..1326

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

CCACTZ2TCTC GGTCGTCTGT CTCCCACGCG CGCACGCAGT TGATTTCCGEC CTTCTTAAAC 60
GCTCT2TTTT TTTTTATTIT fl‘CACCTGACC AACCGCACCA CGTCGGCCTC CATC ATG 117
' ' Met

1
TCG CIG CAA GAC CGA GTT GCC CCA CAG GAC CAG GAC TCG TTC CTC GAC 165

Ser Gln Gln Asp' Arg Val Ala Pro Gln Asp Gln Asp Ser Phe Leu Asp
5 10 ' 15

'GAC CA3 CCC GGC GTC CGC CCG ATC CCG TCC TTC GAT GAC ATG CCGC TTG 213
Asp Gla Pro Gly Val Arg Pro Ile Pro Ser Phe Asp Asp Met Pro Leu '
20 : 25 30 ‘



Novabi ochem Corp., La Jolla, CA), followed by a boost four weeks later with
100 [err]g 25 of the reconbinant antigen in | FA alone. Three weeks | ater,

t he rabbit @Q@t ed intravenously with 25 [err]g of Lbel FAgctigsssalsbdac
and serum was l'ected one week later. Immnoblots of L. braziliensis

| ysates from promasti gotes harvested duri_‘réw the early-, md-, or late-log -
phases or followi ng a tenperature shift off"the culture from22-35[err] were
subsequently performed with the pol yclonal rabbit anti-serumas a 30 probe
(Fig. 2). Panel A of Figure 2 shows the immunobl ot anal ysis-of nolecul ar

wei ght mar kgescAd ane ddr c'FG ‘E@E'Gdd’gfé ol FQNTHRIdUUERA chb a8, ddg and i ngyced

(lane 2) cultures, and the purified reconbi nant antigen (lane 3). Panel B
of Figure High@&s AFhé*ﬁ“nﬁ%@EBoqlYaﬁb? YRFSSHT Trr Bradhe CARSHE BFomasti gote
| ysate (lane 1)3zs L. chagasi prommstigote |ysate (gsane 2), and L.
amazonensi s promastigote (lane 3) or amastigote 35 (lane 4) lysate.
Parasite and manmalian cell |ysates were prepared by freeze/thaw | ysis of
pel | et s i n TeDSAam APt ecAgu A Iceni ¢droaTe gicgcerm rTandte| ese ]Gemacapac)et handios

| nsol.ubl e 9

PCT/ US95/ Oﬁﬁgv%sgférétg%% % nviaég %lgpé%%t%a l1?]?00%?1}1 hTélrs er n “ﬁ%}
centrifugatis8n at 10K rpmin58 m crofuge. Prof®in concentratl ofs were
determ ned using the Pierce BCA protein assay'kit Five to 10 [err] g of
parasite or cell extracts or 0.5 to 1.0 errgg‘s reconbi nant anti gens were
separ at ed dWC AIE 5§96 BESFENEAC "’a"??ds?'-F DTSt HG BAC ALCEFOFRErBRG ESF 1y to &7
ni trocel | ulngerrenbs anasaifReafitder tlesnef clheyaninrSera aner sheaséessed as
previ ously descri bed (SkejéA<y et al., J Exp,  Med. 176: 201-2133]0, 1992) using
[1251]-Protein A, followed by autoradi ograbsny The rabbit anti-serum

‘det ected one dom nant protein species of size ~45

ATC GGC CTG CTG CAG CGC CTG GAC TTC CGC CAC AAC CTG ATC CAG GGC 405
Ile Gly Leu Leu Gln Arg Leu Asp Phe Arg His Asn Leu Ile Gln Gly

85 80 . 95
CTC GTG CTC TCC CCG ACC CGEC GAG CTG GCC CTG CAG ACG GCG GAG GTG 453
Leu Val Leu Ser Pro Thr Arg Glu Leu Ala Leu Gln Thr'Ala Glu Vval
100 105 110

ATC AGC CGC ATC GGC GAG TTC CTG TCG AAC AGC GCG AAG TTC TGT GAG 501
Ile Ser Arg Ile Gly Glu Phe Leu Ser Asn Ser Ala Lys Phe Cys Glu

115 120 ' 125 '
ACC TTT GTG GGT GGC ACG CGC GTG CAG GAT GAC CTG CGC AAG CTG CAG - 549
Thr Phe Val Gly Gly Thr Arg Val Gln Asp Asp Leu Arg Lys Leu Gln
130 135 : 140 145
-@CT GBC GTC GTC GTC GCC GTG GGG ACG CCG GGC CGC GTG TCC GAC GTG 597
Ala Gly Val val Val Ala Val Gly Thr Pro Gly Arg Val Ser Asp Val '

150 _ 155 ' 160

ATC AAG CGC GGC GCG CTG CGC ACC GAG TCC CTG CGC GTG CTG GTG CTC 645

Ile Lys Arg Gly Ala Leu Arg Thr Glu Ser Leu Arg Val Leu Val Leu
165 170 - 175



kD. The relative intensities of the 45 kD el F4A honol og were simlar for
all the 10 |ysates analyzed, thus suggesting that this antigen is :
consti i , expressed during the early- to md-1og gr of the
par asi 5%6%%%% |l owi ng a tenperature transition-that mm g&}tﬁﬁ@m
intracel lul ar amastigote stage. This is unlike nmenbers of the Lei shmania
heat - shock protein famly whose prod&gts are upregul ated follow ng a
tenperature transition from22-35 [err]. The pre-imune rabbit serumdid
not react with the parasite 15 |ysates. EXAMPLE4 Preparation of Mnocl onal

Ant i bagi.e ' b ' : e illustrates
t he p%g‘!ﬁa% !&g'% %%%ﬁbﬁgégﬁgoﬁegggﬁsng%g%gl%iﬂ%’r epar a Fons of
puri f i’eg @t dhdiAsEnEly et Fph Ser tGlan@hrefhedlechss GArptlesIyng hi gh | evel s of
Lbel F4A, mayipg enployed to gegerate nonocl onalgg@nti bodi es agai nst Lbel F4A
usi ng conventional techniques, such as those disclosed in U S. Patent No.
4,411, 993. Such antibodies may be used to interfere with Lbel F4A 25
ﬁgt II -\éﬁbomc)frré’aiuas]c i TTA LT 0G0 fm@cdr?b&g%é@a%@crm&mh aszm for

e roi ipit urification_o e . To'i ni ze. rodents,
Lbel FEAY ﬁ]rﬁ_uﬁgﬁ 9 gg‘eery’fﬁﬁsﬁg’?"l 4° iAﬁpaﬁeagjl‘[ﬁvvéﬂ‘t ét%ﬂ‘t?ﬁ ggeuéﬁﬁpl ete or
i nconpl eteesFreund' s adj uvaao, al um or anotzesr adj uvant, such as Ribi
adj uvant R700 (Ribi, Hamlton, MI), and injected in anobunts ranging from
10- 30 100 [err]g subcutaneously into a selected rodent, for exanple,
BALB/ ECRi R AFC |SCH GAG SRS CTRRTYLPS €TF RAR FRC\BRK ITERES C8€er, t hed?
I MMUNip3edrig R | frodbfa RAASYADLYG [Fluatdi TheNRle Ly8NPRAGRIL aRd periodically
boosted thereafter on a weekly, biweekly or every third week inmmunization
sched®*8. Serum sanpl e€*3re peri odi cal | éz?aken by retro-&fBital bleeding ’r
tail-tip excision for testing by dot-blot assay (anti body. sandw ch) or

ol so SHF 5 B0 G B B, Y ARE R, B3 o0 4B QRPN T oS ¢

Asp ?ro Val Arg Ile Leu Val Lys Arg Glu Ser Leu Thr Leu Glu Gly.

230 235 . 240
ATC hAG CAG TTC TTC ATC GCC GTC GAG GAG GAG CA_C AAG CTG GAC ACG . 885
Ile liys Gln Phe Phe Ile Ala Val Glu Glu Glu His Lys Leu Asp Thr '
245 250 255
CTG ATG GAC CTG TAC GAG ACC GTG TCC ATC GCG CAG TCC GTC ATC TTC 933
Leu Met Asp Leu Tyr Glu Thr Val Ser Ile Ala Gln Ser Val Ile Phe
260 _ 265. : 270
GCC AAC ACC CGC CGC AAG GTG GAC TGG ATC GCC GAG AAG CTG AAT CAG 981
Ala Asn Thr Arg Arg Lys Val Asp Trp Ile Ala Glu Lys Leu Asn Gln -
275 280 285
AGC A2C CAC ACC GTC AGC AGC ATG CAC GCC' GAG ATG CCC AAG AGC GAC' 1029
Ser Asn His Thr Val Ser Ser Met His Ala Glu Met Pro Lys Ser Asp
290 295 . 300 305
CGC GAG CGC GTC ATG AAC ACC T'I;'C CGC AGC GGC AGC TCC CGC GTG CTC 1077

Arg Glu Arg Val Met Asn Thr Phe Arg Ser Gly Ser Ser Arg Val ‘Leu
310 315 320



WO 95/ 29239 PCT/ US95/ 05064 .
28 Fol lowi ng detection of an appropriate antibody titer, positive animals
are given an intravenous injection of antigen in saline. Three to four. days
later, the AWORHEM3%re sacrificed, splenocytes harvested, andPFEASHSASE64
murine nyeloma cell line (e.g., NS1 or preferably Ag 8.653 [ ATCC CRL :
1580]). Hybridoma cell lines generated by 4 this procedure are plated.in
multiple mcrotiter plates in a selective nedium (for exanple, one

cont ai ni ng hypoxant hi ne, am-nopterin, and thym dine, or HAT) to inhibit
proliferation of non-fused cells, nyel oma-nyel oma hybrids, and

spl enocyt e-$¥ 8RB ARCEMy IFEF JIT6 Ff;'ﬁF:)quﬂo‘FFﬁ-' RTRERCt BTS C@@r@caﬁ% M8n be 1125

screened byvhl kA el asaehi vl X1d QrgWeiyh thbelsbdtal wOL 196261 Qenby
adaptations of the techni ques disclosed by Engvall et al., |nmunochem

8:871 (1971) and in ¥ Patent No. 4,%F3 004. A pref et¥®ed screeni ng
technique is the anti body capture technl que descri bed by Beckman et al.

| munol . LAGAZI2 AR TRt 1048%ed b8 Sul EaaRRothe LA RXADI €y ﬁy

I|mt|ngd|1IL Ion “or I"oning in so am)noconal

| i ne. Posit¥keeVel oﬁesA%n @heAsp hewn Fraj Bot ddn i LysoGihdspetnt beediscavi t| es of
syngenei ¢ rodents 4,9 produce ascitaggscontaini ng hi ghsgoncentrations (>1-
mg/ M) of anti-Lbel FAA nonocl onal anti body. The resulting nonocl onal

anti body can be purified by amoni um sul fate precipitation foll owed by gel

ch:juSi onf cdstrc)mrgmacéwsséldw ged ithel goc afh i gt ac‘pllm&@rmicogr@mm baseg2zpon
i nding of anti t tein A or protein G cap als e as can 20
affinity ch’?r(ﬂ“rﬁ? gcégpﬁfﬁpﬁggeﬁ pth TB’? ndh 2t FYEpEHEXR lgﬂﬁiﬁ_é B Lbel F4A
Stinmul ati on of 3BMC Proliferatiaéeo 25 - 36%This exanple illustrates
the ability of purified reconbi nant Lbel FA4A to

TTC GTG ACG GAG AAA GAC GTG GAG CTG CTG CAC GAG ATC GAG GGG CAC 1269

Phe Val Thr Glu Lys Asp Val Glu Leu Leu His Glu Ile Glu Gly His

370 375 : 380 385

TAC CAC ACG CAG ATC GAT GAG CTC CCG GTG GAC TTT GCC GCC TAC CTC 1317

Tyr His Thr Gln Ile Asp Glu Leu Pro Val Asp Phe Ala Ala Tyr Leu

390 395 B 400

GGC GAG TGA GCGGECCCCT GCCCCCCTTC CCTGCCCCCC TCTCGCGACG _ 1366

Gly Glu " '

AGAGAACGCA CATCGTAACA CAGCCACGCG AACGATAGTA AGGGCGTGECGE GCGGCGETTCC 1426
" CCTCCTCCTG CCAGCGGCCC CCCTCCECAG CGCTTCTCTT. TTGAGAGGEG GGCAGGGGGA 1486

BECGCTGCEC CTGGCTGEAT GTGTGECTTGA GCTTGCATTC CGTCAAGCAA GTGCTTTGTT 1546 .

TTAATTATGC GCGCCGTTTT GTTGCTCGTC CCTTTCGTTG GTGTTTTTTC GGCCGAARACG 1606

GCGTTTAAAG CA - . . _"1618_



stinulate proliferation of PBMCs fromL braziliensis-infected individuals.
Peri pheral bl ood was obtained fromindividuals living in an area (Corte de
Pedr a, ‘gahi a. _Brazil) endemic to L. braziliensis transm ssion where

epi demi®P3YPX . clinical, and imunol ogi cal studies hav@®FESISBWS or ned
for over a decade. Diagnosis of the 30 patients was made by clinical
findings associated with at |east onelof the follow ng: isolation of
parasite fromlesions, a positive skin test with Leishmania |ysate or a
positive serol ogical test. Peripheral blood was coll ected and PBMCs

i solated by density centrifugation through Ficoll[err] (Wnthrop
Laboraf"drj&%‘?%ﬁ?’%@%)s.m%‘? Ci2yitro 35 proliferation assays, 2 - 4 x 105
cells/well were cultured in conpl-ete nmedium (RPM 1540 suppl enmented with

gentanycin, 2- = ] 10% screened pool ed A+ human serum
Trimar, Holl I\Aowg%‘?‘*?%%%%&é%rat bottom pl ates with or WD 95/ 29239
PCT/ US95/ 05064 29(AM LENGTH: 1403 emijqgaridf the indicated antigens or 5
[err]g/mM PHA (Si . egicals, St. Louis, MO for five days. The
cells were then pﬁggﬁﬁ?ﬁ% er?d?](j of [err] thymdine for the final 18
hours of cul ture. (MaFePRAPEY ddpea®ent ed as nmean cpmof triplicate cultures
‘and the 5 stinmulation index (SlI) defined as nmean cpmof cultures with

ant i gens/ mean clpl?m of cultures without antigen. As shown in Table |I and
Figure '3, PBNMEs"P¥ES Et PFO%§hucosal and active or heal ed cutaneous
patients responded to Lbel F4AA with a heterogeneous proliferation pattern

wi th stimnul gg)ogzéﬁ%g%%sg:&mggi r&ofils)rﬁolg_to 233 and 2 to 64
1 _ : ) RO Z:

respectively.
Met Ser Gin Gln Asp Arg Val Ala Pro Gln Asp Gln Asp Ser Phe Leu

1 5 _ 10 15

Asp Asp Gln Pro Gly Val Arg Pro Ile Pro Ser Phe Asp Asp Met Pro
20 25 : 30

Leu H{is Gln Asn Leu Leu Arg Gly Ile Tyr Ser Tyr Gly Phe Glu Lys
35 . a0 S 45 '

Pro Sier Ser Ile Gln Gln Arg Ala Ile Ala Pro Phe Thr Arg Gly Gly
50 ' 55 I -1

Asp Ile Ile Ala Gln Ala Gln Ser Gly Thr Gly Lys Thr Gly Ala Phe
65 | 70 . 75 80

Ser Ile Gly Leu Leu Gln Arg Leu Asp Phe Arg His Asn Leu Ile @ln
85 90 9S

Gly Leu Val Leu Ser Pro Thr Arg Glu Leu Alé Leu Gln Thr Ala Glu -
w00 105 110 |

Val Ile Ser Arg Ile Gly Glu Phe Leu Ser Asn Ser Ala Lys Phe Cys
115 -120 : " 125

Glu Thr Phe Val Gly Gly Thr Arg val Gln Asp Asp Leu Arg Lys Leu
130 : 135 - 140



WO 95/ 29239 _
PCT/ US95/ 05064 30 TABLE I In Vitro Proliferation of PBMCs fron1L

braziliensi Wdﬁ;ﬁﬁbed I ndi vi dual s Response to Parasite Lysategp %E4A
Antigens 5 [err] Tdr Incorporation (Nban cpm

[err]) PATIENTS - MEDIA - LYSATE

Lbel F4AA MJUCCSAL JV 0.15 (0. 075 41.30 (1.3) = 294

11.90 (4.8) 81 10 - Sz 0.45 (0.1) ~140.60 (7.6)

308 . 105. 90 (5.6) 233 AB 0.42 (0.3) 44.20 (0.5)

104 - 5.00 (1.3) 12 NO . 0.38 (0.1) .52.70 (3.3)

138 12.80 (1.6) 33 TE ' 0.18 (0.0) 27.40 (1.5)

150 gigRle0Syy) Val g N Ala Val Gly Thr(PrgGiyp Agp Val Sgp(RsK) (9. 4)

1634 44550 (4.5) 2269 15 oM 155 0.28 (0. £Bo 35.40
(3.2) 124 6.90 (2.5) 24 CUTANEQUS AS : .22 (0.0)
19.14 (1.3) 87 - 14.30 (2.3) - 64 JP 0.25 (0 0)

55. 63 (8. 6¥a1 11218lys Arg G14r Ala (Bu3drg Thi 6140ser LeWSirg Val Leu val 0.17 (0.0)
0.26 (0.0) - '1.5 (0.0) -2 : 0 (0.0)

0.32 (0. 2) 3.0 J1655 (0. 6) 15 I?i -. 87 6 (0.0)

0.77 (0.1) 4.7 2.5 (0.2) 16 AD 4.20 (1.0)

4.01 (1.0 2 0
473 El- 7; Leu ASE Gﬂ-’l :1: ]ﬁplGil(?{l%%:)Leu .3,::5 dim G]Bl Phe Alacg.J;zA%%?&cJIfé) )

Tyr Glu Ile Phe Arg Phe Leu Pro Lys Asp Ile Gln Val Ala Leu Phe
195 200 205

Ser Ala Thr Met Pro Glu Glu Val Leu Glu Leu Thr Lys Lys Phe Met
210 215 : 220

Arg Asp Pro Val Arg Ile Leu Val Lys Arg Glu Ser Leu Thr Leu Glu
225 . 230 : 235 240

Gly Ile Lys Gln Phe Phe Ile Ala Val Glu Glu Glu His Lys Leu Asp .
245 250 11

Thr Leu Met Asp Leu Tyxr Glu Thr Val Ser Ile Ala Gln Ser val Ile
260 265 270

Phe Ala Asn Thr Arg Arg Lys Val Asp Trp Ile Ala Glu Lys Leu Asn
275 280 285

Gln Ser Asn His Thr Val Ser Ser Met His Ala Glu Met Pro Lys Ser
‘290 ‘ ' 295 300

Asp Arg Glu Arg Val Met Asn Thr Phe Arg Ser Gly Ser Ser Arg Val
305 310 315 320

Leu Val Thr Thr Asp Leu Val Ala Arg Gly Ile Asp Val His His Val
325 330 - 335



VAL 0.22 (0.0) 0.51 (0.3) 2.0  2.12 (0.2) 9.0’

SELF- HEALI NG CUTANEOUS GS 0.21 (0.0) 19. 70 (4. 4) 94
41 50 198 30 NG : 0.09 (0.0) 0. 1) :
%gg"l’ﬁ"’ 2.1) 57 AH ~0.11 (0.0) P%@ggg‘?

519 9.60 (4.7) 83 DJ | 0.12 (0.0) - 0. 20 (o 1)

1.6 19.00 (6.7) ° 151 HS 46 0.12 (0.0) 27.10 (2.0)

225 12.40 (2.7) 103 MCT '0.38 (0.0) ~ 130.30 (14)

340 6.20 (1.5) 16 35 NORMAL LV . o 14 (0. 0) 0.19.

(0.0) 1.4 7 %O%R 4.0 W 0. 0) 0.31
- (0. 1) Asr Ileﬂ@l Ile 851’2%11 OA Leu Pfo T%Asn Lys Glu Asn0T¥4Lf 0. 36

(0.1) 2.6 340 0.27 (0.1) 3859 40 N4 350 o 59 (0.1)

2.00 (0.3) 3.8 0.56 (0.0) 1.0 In general, the stinulation

i ndi ces were higher with PBMCs from nucosal individuals. PBMCs from sone
mucos&spg dhe Slyed¥ Fd¥ CHYoArH AVEFIR XVeh Lys Gy 93108 Gle

PCT/ US95/ 05084531 stimul ati on;;gdndl ces conparabkgsto those observed wit h
parasite lysate. Interestingly, in some patients with cutaneous

| ei shmani asis, the proliferative responses to Lbel F4A were hi gher than

t hose ashi phet &dl hrpale Liys eAdpy $al &lul new el rHESt 61w I8ceRnAkland cut aneous

patl ents, . RBMCs fromall sjx individuals V\/lstala sel f heal'i ng cut aneous

| ei shmani 39 s 5 proliferatéd in response t©0 Lbel F4AA with stinul ation

i ndi ces (16-198) conparable to those of nucosal individuals. PBMCs fromtwo

of th%ﬁehfr_ gealdRdciNah¥i Aiaksy (B A val aAsp Phe Ala Ala Tyr
385 " 390 395 400 ' ‘

' Leu 2ly Glu



DJ), had responses that were si gnificantly higher than those obtained with
‘parasite |ysate. CeI I s fromnornmal uninfected individuals were onl y

‘margi nal ly g@bg& d by Lbel F4A. 10 EXAMPLE 6 Lbel F4A Sti mul

Cyt oki ne mRNA EXpression in PBMCs This exanpl e presents an ana yS| s 6?64
cyt oki.ne nmRNA expression 15 patterns of P frompatients with confirned
cases of L. braziliensis infection. For cyt'okine analysis, 0.5to 1 n
of PBMCs were cultured at 1-2 x 106 cells/m with or wthout—10err]g/

of the Lbel F4A antigen l'acking the N-termnal 48 resid | D NO 2
(as described in Exanple 3) for 48 and 7 rs. The: sfmnmf %WJﬂmel I's
were harvested. and anal yzed for cytoki-ne by pol ynerase,

20 (PCR). For- cytokine nRNA PCR anal ysis, total RNA was isol ated fromthe

PBMCs using the acid guani di um t hi ocyanat e- phenol chl orof orm extraction

nmet hod, as descri bed Z Anal hem 162:156;159

1987. Conpl ement ary %ﬂdc}i ébg‘%ﬂfg @W%ﬁg ﬁﬂl‘%&?‘}ue(’%ﬁ‘?lﬁéﬁq

and AW revthewoupemsxsnng)bﬁse (Bet hesda Research Laboratori es,

Gai t hersburg, MD) in a fin 25 wer e brought
gd\b UM za§| on: err] Eﬁf@wl

to 200 Rl with water. Foll ng Nor na 2 to 20
[err]] of diluted cDNA vver@’)arrpDNAeSﬁquqBS:Rtmsl riflizg p@wmmcémde sequence

(Per ki n- El n&fmﬁeﬁuﬁta:mrmiebudgmmgﬁ lazj Sf stq%ﬁqot DEndef RfAektl§ s&mg@ﬂld
3" external Loers \i} %I on vol une of f Hé‘{]e COI’ldItIOI’lSJLiﬁ

were denat CASHHODS, ergw[ Fi% QA peqhenge anoeiPSfaP ypepfqe; that stimulates g hl| immunes
sec 30 forrehﬁhksé einr periplierdlO bodd hidhohicidd?) celknobRtreddfidin 25 [[eishinakik-inifattide
for [err]- mﬁh{?:l{gaél% and |1L-4; 30 sec for IL-10) or 60[err] for 45 sec

for 1TFN-y a i on at 72[err]. W verified that our PCR conditions
were within the sen -quant {(dat i DNA athge ehgodeni 4 | pulypeptide femcodety byeanynlof the

di Futions Oforé ?n Msﬁtﬁgm\égryi ng the nunber of cycles used for PCR In
al | subsequent™ exXperine 0 cycles were used in the arrpl_i fication

reactions for [err]-actin,
2 A recombinant expression vector comprising the DNA molecule of

claim 1.

3. A host cell transformed or transfected with the ekpression vector of
claim 2. : _ _

4. A method for preparing a polypeptide that stimulates a Thl immune

response in peripheral blood mononuclear cells obtained from a Leishmania-infected

_ individual, comprising culturing the host cell of claim 3 under conditions promoting
expression of the DNA sequence and recovering the polypeptide.

5. A polypeptlde comprising an amino acid sequence encoded by a DNA
sequence accordmg to claim 1.

6. A polypeptide comprising amino acids 49-403 of SEQ ID NO:2, ora |
variant thereof that differs only in conservative substitutions and/or modifications.

7. A method for evaluating a patient's capability for generating an
immune response comprising: '

: (@) contacting a biological sample obtained from a patient with the
polypeptlde of either of claims 5 or 6, wherein the biological sample comprises cells selected
from the group consisting of peripheral blood mononuclear cells, monocytes, B cells,
dendritic cells, macrophages, and combinations thereof; and '

t1on



35 IL-2, IL-4, and IFN-[err]. In the case of 1L-10 PCR 25 cycles were
used. The prinmer pairs used and the PCR conditions were from publ I shed

|nforna rr]-actin, IL-2, IL-4 and IFN-[err] (Ehler
ghpg 3?’9 1991) 32 and IL-10 (Viera et—al . Pr oclﬁc'j ?@“@f‘ad SCI.
US A 88 1172- 1176, 1991) The nucl eothde sequences for the 5 and 3

ol donucl eoti de pri et reshectivensere, s (MMM
CTAGAAGCATTGOGGTGGACGATGGAGGEG, (2) 1 L-2, ATGTACAGGATGEA 5 ™MCTCCTGTCTT

and  GTCAGTGIT : 4, ATGGGTCTCACCTCOCAACTGCT
and  CGAACACTTT TA?@%%@%‘P“ Jf%? %ell-rfFl\l-[err] |

ATGAAATATACAAGTTATATCTTGGCTTT : and _
-GATGCTCTTCGACCT CGAAACAHeAetitdd) of Leldith 7 GARedéirCleCTédponseCAal %T&ﬁ@éu@@d
ATGCCCCAAGCTGAGAACCAAGACCCA. 10 Probes . were. obtained using

~ pl asni §PEBY ai ni ng the human sequences IL-2, IFN-[err] and IL-4 (Lewis et
al., Proc. Natl. Acad 'Sci US. A. 85:9743-9747, 1988) and [err]-actin (no

65128, Awori can Tybe Sl kPRl LB 1 WherF RS biesPhesstllb ol BiFlge
Human iselegted cfopem dhes mm@on&mff Insenferon-yg dntesleikint2st Emerlzw&lz r pig, 15
nor el Iﬁi@ﬂ&ilén#?gﬂlsﬁﬂ)ﬁrﬂpﬁﬁEﬂl&ﬂt‘iﬂ-‘ﬂ%nEfI‘uﬁﬁﬁNegFo%is@‘h‘éﬁf i@ amplify a 535 base

pai r fragnent sp nning the entire coding region o uman 1L-10 (Lew s et
al., Proc. Natl. Acad Sci US. A 85:9743-9747, 1988). The cDNA was subcl oned

into pBluescript 1@nd Ma?émddwtumﬁwhéﬁmmereeﬁdxﬂé g§€:ﬁfifés£%idrpéfw
agar ose I nse ra n were exclse r.oel u
pgl‘l fi 88‘9 dﬁé%l oFﬁtﬁ’&"gds Gied Broge STRHP © O?@SB?%FP?J ﬁﬁerﬂ‘i}'o?ﬂe%f’gr"}ﬁ@ﬂ?ﬁﬂ i r’g

met hod Interleukin-12 p40 subumt, Interleukin-1 and Tumor Necro51s Factor-a.

1. A method of enhancing a cellular and/or humoral immune response to
an :ntigen in a patient, comprising administering to a patient the polypeptide of either of
claiins 5 or 6 and an antigen. '

: 12. A method for sumulatmg the production of antibodies in a patient that
bmd to Leishmania parasnes, comprising adnnmstermg to a patient the polypeptide of either
of claims 5 or 6.

13. A method for stimulating- a Thl -immune reSponse in a patient,
comyrising administering to a patient the polypeptide of either of claims 5 or 6,

_ - 14, A method for stimulating a Thl response in a blologwal sample,
comgrising contacting a biological sample obtained from a Leishmania-infected individual
with he polypeptlde of either of claims 5 or 6, wherein the biological sample comprises cells
selected from the group consisting of peripheral mononuclear cells, monocytes, B cells,
dendritic cells, macrophages, and combmatmns thereof.

15. A method for downregulatmg expressxon of Interleukin-10 in a patient,
compa ising admlmstenng to the patient the polypeptide of either of claims 5 or 6.

16. A method for_ downregulating éxpression of Iix_terleukin-lo in a
biological sample, comprising contacting a biological sample obtained from a Leishmania-
infected individual with the polypeptide of either of claims 5 or 6, wherein the biological



PCR products were anal yzed by el ectrophoresis on 1.5% agarose gel s,
transferred to nyl on nenbranes, and probed with the appropriate 32P-1| abel ed

' DNA i nsert zations were at 55C overnight. Post hybri shes
wet e at 550%%”? %ni nutes twice each with 2x, and 1x d#éf’h#%s 2%
SDS. 25 The results of these anal yses are presented In

Fi gures 4A and 4B. PCR cytoki ne anal yses Wor e performeﬂ'm,m!mm r to
culturing (lanes 0), follow ng. culturlnglnthe absenc 4 f,!ﬁ

-), or follow ng culturlng in the presence of 10 [err]g m® L.t brazisl | eNsi s
| ysate (I anes dn t S f 10[err]g/m el.F | anes |

H o aa shoumele forbrised chlIF sQEqed BR e arowERoufiie af Heuphial mRRGRuda osls
-30 pati ent shomislytes, Bicells; dentiritit\¢ell§ Mmacrophages, and dombinapians thereof. VA) with- L.
amazonensi s infection, manifested as diffuse cutaneous | eishmaniasis (DCL).

In three of the six mucosal patients (TE, Fi glwa NO and EO, not shown),
PBMCs not cultured i nt%itrd m@thwﬁqreiﬁmg suitabilityrfian antiganrior peeparationd

Lhotr oo o8, @ Mackine Zodr@sitil, Soobierilify @““%‘%ﬁpﬁz’w R afiher!® Rapafle T .

invitro cm%mnlmg the p %%Meﬂmr%@e&ysﬁ.m%agrﬁmﬁogm%&@@ |

:DIC_:TIML)JSQ”RIS/\IAO gmo duat ﬂﬁiﬂhﬁfnﬁg mﬂl%tm)gfjltlptettshﬁaﬁmp Q&l&felquf iolog 1?;@ Ak edfprises
ze n i t.ion vels o i ne

ot eoted | et i biinete] Blood Rpgorfiple e tsit, AGpSREEB cslls,

backgr ound deadnuscell%amsnophageysadeombmaubmﬂbtbofhe expr essi on of NRNAs of

the Thl cytokines IFN-y and IL-2 as well as that of the Th2 cytokine IL-4

(in three of the six patients). I ncreased IL-10 nRNA was detected |n one'_
of the patients' I\/[£8 (SzA memcéwahgnemdyuﬂ@t wpacificafly bindntg the P‘?}M e of

Bot h Lbel Flhﬁh@ﬂéfﬂﬁﬁlg@‘&@ar asite lysate elicited the

19. A pharmaceutical composition comprising the polypeptide of either of
claims 5 or 6 and a physiologically acceptable carrier. :

20. A vaccine for stimulating a protective immune r_esponsb to an antigen,
comprising the polypeptide of either of claims 5 or 6 and an antigen.

. 21. A method for stimulating of IL-12 production in a patient, comprising
administering to the patient the polypeptide of either of claims 5 or 6.

22. A method for stimulating IL-12 production in a blologlcal sample,

comprising contacting the biological sample with the polypeptide of either of claims 5 or 6,

~ wherein the biological sample comprises cells selected from the group consisting of

peripheral blood mononuclear cells, monocytes, B cells, dendritic cells and combinations
thereof.

: ~23. A method for treating a patxent afflicted with a disease responsive to
IL-12 stlmula’aon, comprising administering to a patient the polypeptide of either of claims 5
or 6.

24. The method 6f claim 23 wherein the disease is an in_fectious disease.

25.  The method of claim 23 wherein the disease is cancer.



production of nRNA of IFNy and IL-2 fromall nucosal patient PBMCs with !
Lbel F4A eliciting an exclusive Thl cytokine profile. In fact, Lbel F4A
dovmrﬁ%gégéﬂed t he synthesis of IL-10 nmRNA detected in the cul tured PBMCs of
nost 2atients 10 prior to antigen stinulation, F %ﬁ?qﬂﬁbly, as
with the case of using PBMCs from mucosal patients, LbeTF4A also '

downr egul at ed the synthesis of 1L-1058RNA in the”"mummn

general, the levels of nRNAs for IFN-y and IL-2 m,mn det ectabl e
anounts prior to antigen stimulation to readl ly visdal “I ebel s following 15
antigen stinul at eth|d| mbro de st nRNA.for the .
cytokines |1L4 anjtf"’0 % 8rﬂ°§°r dﬁg%}% 5r g’ét‘fﬂ?empﬂ’(?bl ng

of t hanarefadtwredf Iﬁ@ﬂedlcmﬂem tfer enfBancihga cElIEaaM/gshumml; mmuﬁe)respdlsenn BBMCs
derlv%uflrnom cut aneous patients (Fig. 4B). The resting PBMCs fromthree

(VS, nd CA (not shown)) of the 20 four patients analyzed reveal ed high
| evel s of mRNAs for both the Thl (IFN-[err] and (IL- 2) and Th2 (IL-4 and

I'L-10) cyt oki nespexamingslypepaiéactérdin {Huﬁ&dof klasins BUbr BOforf e inlthk0 and
| L4, V\ere detected | t e r thqPB he feegrth éfﬁi? cutaneotjﬂgm :
pat| erfpanufagture af c?rE‘e 6 yetipn of @atibodies in2 patigntfhat

cut anmtdﬂzﬂhmpmtdsave IL-10 nRNA, in addition to IL-4, IL-2, and

|FN-y, in their resting 25 PBMCs. Interestingly, while the nRNAs for |L- 2

and |FN-y were reduced to barely detectable levels following the in vitro
culturlng of PBM& i nAtpalypdptide ascartlingnta gither ofholaims &r of 16- iy wseni thed

ei thery, 4‘&’% f nts, the

resti ng "eve stoo?'ﬁfhl@ ?N&A%lﬂ garﬁg? lgné(:)llrégéﬁ H§%E%/Eég?conu nue to (
synthesize I'L-10 nRNA in the absence of antigen sti rrul ation. The
observation of sagzh 3R pelypeptide tecorditig wemia%ﬁciaﬁhelsrraﬂlsaﬁirmaﬁi et s can

be expl oi o] dlf rent| i ndi vi dual s- wha ar dis ed t vel opi ng
chronllﬁa@&?‘gﬁ‘r (96@1? ?9{308“(%% 5§Bfe€\ﬂ8“af¥“%ef§%$3ff@ %Eﬁ"f heal i ng
| esi ons. cut aneous patients tested responded to Lbel F4A antl gen as well
- asto. 30. A polypeptide according to either of claims 5 or 6 for use in the

mant facture of a medlcament for stimulating Interleukm 12ina patient.

31. A polypeptide according to either of claims 5 or 6 for use in the
manufacture of a medicament for treating a pat:ent afflicted with a disease responsive to
Interlukin-12 stimulation. '



the parasite |lysate by upregulating the synthesis of nmRNAs for IL-2 and
|FN-[err] and, in 35 two of four patients (VS and AS), the |level of |L4
RNA al so i ncr eased following stimulation with parasite lysate. In the
three pat wamds29346S, JP and CA) with detectable WO 95/ 2923891us95/05064

PCT/ US95/ 05064 34 "resting" |evels off 1] 10 nRNA, Lbel F4A as well as the -
parasite | ysate down-regul ated the expression of IL-10, nRNA. The cytokine
MRNA profiles of PBMCs frompatients with self-healing CL were simlar to
those of M. patients in that (a) except for one individual with 5
detectabl e | evel snaf 1L-10 A, resting PBMCs fromthree of four patients
anal yzed had detectable |ev of IL-2, IFN-[err] and IL-4, but little or
no IL- 10 nRNA; (b) IL-10 as upregul ated after culture of PBMCs

wi t hout anti gen, ereas th IL-2, IFN-y and IL-4 decreased to
background |l evels; and (c) '€l shmanial |ysate stinulated the expression of
a m xed Thl/Th2 cytoki ne profisl e whereas Lbel F4A elicited 10 increased
MRNA expressi o only the @hl-type cytokines and downregul ated the
expression of I'C=10 nRNA in ®he cultured PBMCs of nost sel f-healing

i ndi vidual s (not shown). EXAMPLE 7 15 Lbel F4A
Stimulation of Cytokine Secretion in PBMCs This exanple presents the
supernatant | evels of secreted cytokines of PBMCs from L.
braziliensis-infected individuals follow ng stinulation with Lbel F4A
antigen lacking the NNterm nal 48 residues of SEQID NO 2 (as described in
20 Exanmple 3) or{yparasite |lysate. Aliquots of the PBMC supernatants were
assayed for [FN-[err], TNF-[err], IL-4, and IL-10. IFN-[err] was
quantitated by a 3publ e sandwi ch ELI SA
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usi ng nouse anti-human IFN-[err] mAb (Chem con, Temucula, CA) and

pol yclonal rabbit anti-human IFN-[err] serum Human rlIFN-[err] (Genentech
Inc., San Francisco, CA) was used to generate a standard curve. |IL-4 was
quant i t at @gh égbesssper nat ants by a double 25 sandwi ch ELI SApgghigsakofouse
anti-human IL-4 mAb (ML) and a pol ycl rabbit anti-human IL-4 sera (P3).
Human IL-4 (I mmunex Corp., Seattle, \/%ﬁl\?vas used to generate a standard
curve ranging from50 pg/m to 1 ng/m. IL-10 was neasured using a rat
anti-human | L-10 mAb (PharM ngen, San Di ego, CA, Cat. # 18551D) to
"capture" secreted IL-10 and a biotinylated rat anti human |L-10 mAb

(Phar M ngen San Diego, 30 CA Cat. # 18562D) for detection of bound |IL-10
wi th streptavidin conjugated horse radi sh peroxi dase and ABTS as substrate.

A standard curve ~obt ai ned using human [err]L-10 (kindly provided by
DNAX Research I nst te, Palo Alto, CA) ranging from30 p to 2 ng/m .
Cells fromall thr& patient groups (i.e., mucosal, cutaneous and self-" 35

heal i ng cut aneous){Qecreted | FN-[err] and TNF-[err] followi ng stinulation
with either 10 [ersd g/m Lbel F4A antigen or 10 [err]g/m parasite |lys
(Figs. 5 an .o mlarly, Lbel FAA stinulated patients with L. tropi ca'}q
i nfection ( rt -StormPatlents) to proliferate and WO 95/ 29239

PCT/ US95/ 05064 35 se__crete |FN-[err] (not shown). The levels of both IF

and TNF-a det ect ed'_-;"'" the supernatants of patient PBMCs were significantl

hi gher than those fgam uni nfected controls. | nghe absence of antigen
stinulation, only PBNCs from sal pati ents | 3 ve of six) produced
detectabl e | evel s ;o f.isupernatant TNF-a (60 to 0 pg/nm). Little 5 or no
IL-4 or IL-10 was d&ected in ﬂ‘y of the superjilt ants anal yzed (not shown),
indicating | evels Nighow the detection Iimt ofghe ELISA assay enpl oyed. By

SRR
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conparison, |eishmanial |ysate also stinmul ated PBMCs to secret
TNF-a and, in sone patients,
toget her, {eposisddl ts denonstrate that Lbel F4A stinulates a
cytokine profile in PBMCs 10 from L. braziliensis-infected
whereas parasite lysate stinulates a m x
| evel s of TNF-[err] detected in the supe
mucosal
hi gher than those from cutaneous patients (Fig. 6).

mucosal patieats 15 _(JV, S7Z_ AB__and MB) had supernatant |eve

1/ Th2 cyt oki ne pr

I L-10 was al so detected (not shown).
' t Thl
RINRITIR

h
ﬁﬂqaénts of patient PBMCs from
and sel f-healing individuals followi ng antigen stinulation were
PBMCs from four of five

e |FN-y and
Taken

ofile. The -

| s of TNF-a

(0.80 to 2.20{ ng/ M) hlgher than those detected in cultures of

uni nfected controls following stinulation with parasite |ysatg]

PBMCs from
Simlarly,

the sane PB were gti ated by Lbel F4A to produce supernat@gnt |evels of
TNF-[err] wit valués rayging fromO0.66 to 3.14 ng/nm . Conpared.to

uni nfected coptrol s, 3PBMS from three (GS, HS, and MCT) out Qf six
sel f - heal i ng nd|V|JﬁaISNanaIyzed produced higher |evels of FSEerr] in

response to pparasi and all six (GS, M5, AH, DJ, HS,

of six self-healin duals anal yzed produced hi gher |ev
response to Lbel F4 evels of TNF-[err] produced by PB
cut aneous Ieishnania3|s patients in response to parasite |lysa
conparabl e tg uninfected controls. However, Lbel F4A 25 stimul
three of thesle patients (RJ, AD and JS) to produce TNF-a. Such

a MCT) out
s =f TNF-a in
from

e were

at ed PBMCs in
pati ents may

be in the pradcess of devel opi ng acute

&1 mul ation

of IL-12 Production by Lbel F4A 30 This :
stinulates PBMCs from L. brazilk : , N ured human
macr ophages, jadh rent PBNCS fromthe bl 4 he human
nyel oi d | eukgm § P % , 2 g kheen shown
to play a pi\ota / /%‘l/] a cell
medi at ed i mmyni o0l Ak% “
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production in intracellular bacterial or parasitic infections. The Lbel F4A
pol ypepti de WO 95/ 29239

PCT/ US95/ 05064 36 used was the Lbel F4A antigen lacking the N-term nal 48
resi dues o BBRID NO 2 (as described in Exanple 3). |L-12PfRUSHEGSSRasuUr ed
in cell-free supernatants by RIA (dete&tléon linit of 10 pg/m) using the-
mAb pairs Cl1.79/C8.6, as described by D Andrea et al., J. 5 Exp. Md.

179: 1387-1398, 1992. Biologically active IL-12 p70 heterodi mer (detection
limt 1 pg/m) was nmeasured as described by Kubin et al., Blood

83:1847- 1855, 1994. Figy 7A srl\l/%sws that 10 [err]g/m Lbel F4A (Lel F)

stimul ated nucosal patigpt PBMEs to secrete IL-12 p40 in the cultured
supernatant with Q@magni]éude si,gni ficant |y higher jdaan the IL-12 p40 |evels
observed with 10 [err] gl paréite | ysat®e as ant i f(Lb). 10 The anount
of IL-12 p40 secreded in the ahsence of lysate or &ftligen is also shown
(Med.) The sane figure also shows that 10 [err]g/mgl L- 10 down-regul at ed

t he production of IL-126§40 by patient PBMCs foll ov sti:ﬂtion W th
Lbel F4AA (Lel F + IL-10) | ysate (Lb + IL-10). PB rom mf ect ed

i ndi vi dual s al so produced |L-12 p40 when 15 cultured with Lbel F4AA (LelF,
Fig. 7B), although no p40 was detected in response to parasite |ysate (Lb).
This may suggest a role for IFN-[err] in the |ysate-induced p40 observed in
patient PBMCs, which produced 5-100 fold nore IFN-[err] than nornmal PBMCs
after antigen stinulation (see Fig. 5). To determ ne whether the IL-12 p40
observed in antigen-stigulated 20 PBMC cultures reflected biologically

active cytoki ne, -12 %70 was al so assayed in these cultures (Figs. 7C and
7D). In general, e p7@y prodgsd. on par gimeel ed that of p40,
£ n\é E: kg
-
-

FIG. 4A

IFN-y
- Lb elF

O

Lb elF

IL-2
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denonstrating that biologically active IL-12 was produced in response to
Lbel FAA in bot hy @%/’P%r_}t and normal PBMCs. Lbel FAA also stimulates |L-12
production in cultt ®human 25 nacrophages (Fig. 9A) and in adherent
PBMCs (Fig. 9B). Adherent cells were prepared from PBMCs separat ed by

Fi col | - hypaque gradi ent centrifugation fup he bl ood of nornmal pe n%g,g,“ 2 X
106 PBMCs were cultivated for 2 hours in err]l RPM, 2% human A L&
Adherent cells were purified by washing the plates 3 tinmes with PBS. Then
500[err]l of test medium (RPM, 2% human AB serum) with the respective 30
stimulus were added (IFN-1000U m, lkel F4A (Lf) 10[err]g/m ). Supernatants
were taken after 18 hours. [L-12 pr(%ucti og@f adherent PBMCs was neasured
by a capture bio- assay with Sf'day @hd PH ast. Briefly, the §L-12
capture antibody Cl11.5.14 (king giftof t§ star Igetitute) WBs coated on -
96 wel |l plates. Supernatants: t he ,i nduct 35 exp®inent angkr econbi nant
| L-12, as a standard, were incubated for 4 urs. After several® wash steps,
5 day old PHA bl asts were added ang,t he wﬁiferation of these bl asts was
used to determine IL-12 concentrat»ons i iggiper nat a@s of adherent cells.
WD 95/ 29239 ' PCT/ US95/ 05064
37 Macrophages were generated by cultivating adherent cells (2 x [err]
PBMCs) for 5 days in test nedium Then, the nacrophages were washed in PBS
and 500[err]l RPM, 2% human AB serum and 10000/ nL IFN-[err] was added.
Macr ophages were stinulated with Lbel F4A (10[err]g/m) or cultivated in
medi um (M alone. In one 5 set, #tbel F4A control macrophages were incubated
with Lbel F4A in 500[err] RE&A , 29&hunan AB serum wit hout |FN-[err].

Super natants were taken af f"{a’r 18 4pyours and used for

—d wed

L™




i nduction of IL-12 dependent proliferation. Briefly, 5 day old blasts were
i ncubated with macrophage supernatants for 2 days. For the last 18 hours,
3H t hymi diwe 9sme3sdded. Neutralizing anti-IL-12 pol ycl onal pgnais9sspesm (5
[err]g/mM) was added as 10 indicated. In addition, Lbel F4A stinul ates

| L-12 production in the human nyeloid | eukem a cell-line, THP-1 (Fig. 10).
The cells were cultured at [err] cells/ @/Lﬂ\r 24- 48 hours i n Endotoxin-free
RPM nmedi um cont ai ni ng 5% Fet al Bovi ne ser 10[err]g/ M Lbel F4A
synergized with IFN-[err] to stinulate THP-1 cells to secrete IL-12. These
15 resultgtnarcare the utiritty or CDOerFaA as vacci e, LE 9 Effect of
IL-12 and kL-10 on Lbel F4A Induction of IFN-[err] Productiop 20

Thi s Exanplle exam nes the interaction anong IL-12, IL-10 an EI\FN\herr] in
response t¢ the Lbel FAA pol ypeptide |acking the N-term nal €483reSxdues of
SEQ ID NO 2 (as described in Exanple 3). As shown in Fig. 8A PB from
patients wjth nucosal | eishmaniasis were stinulated with 10] err] Q&M

Lbel F4A inj{the absence (LelF) or presence of 10 ng/m anti 12l elF +
Anti-1L-12), or I1L-10 (LelF + I1L-10), and the 25 cultured pupernatants .
were assayed for IFN-y secretion. Both anti-IL-12 mAb and | |- 10 abrogated
t he producti on of Lbel F4A-induced IFN-[err] secretion. Howeyer, anti-IL-12
mAb only partially decreased the production of IFN-[err] affer stinulation
with | eishpanial |ysate (Fig. 8B). These results show that | FN-y production
is IL-12 d¢pendent, and is inhibited by IL-10, whereas theproduction of
IL-12 is re¢gulated by both IFN-y 30 dependent and i ndependgnt pat hways.
EXAMPLE 10{Lbel F4A Stinulation of a TH1 Pr ofj:h? in Mce 35_fThis exanple
denonstrat ¢s that the Lbel F4A pol ypeptide | acking the N t rﬁsna§48
residues of SEQID NO 2 (as described in Exanple 3) stinmulajes a ]
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WD 95/ 29239 PCT/ US95/ 05064
38 dom nant Thl cytokine profile in BALB/c mce. The aninmals were prined
with eithegy %49%554'6‘ or 8E (the Ctermnal portion of the L.p®B¥ogdsikesasi s
nltochondrla sp70, which stinulates patient PBMCs to produce high |evels
of I'L-10) using quilA or CFA as adjuvants. Ten days after primng, |ynph
node (LN) cells were restimulated in vp§4g with the reconbi nant anti gens
and the supernatant cultures were anal or secreted cytokines. The
results (Fig. 11) shom1that LN ceIIs of mce prlned mnth Lbel F4A
proliferafte

, (1 FN-y)
fol |l ow ng challenge wth LbeIF4A usi ng both types of adjuvants I n
contrast, [LN cells frommce prined with 8E produced a ThQresponse with
CFA as adjuvant or Thl/Th2 type cytokine (with 10 quil fdj wsant) with
a strong bias towards the Th2 cytokines, IL-4, and IL-1 ﬁ Specfic
response fo challenge with 8. Simlarly, mce prinmed mﬁth par a e lysate
produced 4 m xed cytokine profile, a result that may anq%ﬁagai t the use
of parasife |ysate al one as vaccine candidate (Fig. 11)- ese sults
i ndi cate fhat Lbel F4AA may be used as an adjuvant. 15 Becapse Lbel F4A
i nduced a{powerful Thl response, including the two cytokinrgs nost clearly
associated with protection in experinental |eishmaniasis, |FN-[err] and
IL-12, welstudied the ability of this antigen to protect mce against
| ei shmani @sis. BALB/c mice were inmunized once with Lbel F4A with no
adj uvant, |fol | owed by subcutaneous nfection with L major seven days | ater.
Conpared fo the control group, Lbel F4A 20 provided signif|cant protection
against L major infection (Fig. 42). Thug ajhet e@o ogous{agti ggn derived
fromL. bjaziliensis can confer sone protection to L. majof inf i on,
suggesting that, at |east sone of the "protective" epitopes are:E
< ® + o<ty
_ O
] .20
S
k
g+ OH X
~
O
+H ]
- ce « H§
S
<4 + < +4 3
| 1 [
> ' o™y N -~ U

(7us| é’u/ oYdiD - 4N/

SUBSTITUTE SHEET (RULE 26)



'c onserved between the two parasites. 25 From t he foregoing,
it will be appreciated that, although specific enmbodinents of the i nventi on
have been i.bed herein for the purpose of illustration,

nodi fi cat |‘g§§§’#‘&% be made wi thout deviating fromthe spirit ang scope of
the invention. WO 95/ 29239

PCT/ US95/ 05064 39 SEQUENCE LI STI NG (1) L | NFORVATI ON: (i) APPLI CANT:

Corixa, Corporation (ii) TITLE OF | NVENDI COMPQOUNDS AND METHODS FOR THE
STI MULATI ON AND ENHANCEMENT OF PROTECTI VE | MVUNE RESPONSES AND | L-2

PRODUCTI ON (iii) NUVBER CF SEQUENCES: 2 (iv) CORRESPONDENCE ADDRESS: (A)
ADDRESSEE: SEED and BE :

Avenue (C) CITY: S

[ATE: Washi ngton (E) COUNTRY: USA(F

98104- 7092 (v) PUT ABABUE FORM (A) MEDI UM TYPE: F:vs‘p di sk (B)
COVPUTER: | BM QP FiATEA - OPEOTANE-SYSTEM  PC- DOS/
LelF+IL~10 §
Med 277
b7 777777777 y1/4
Lb+iL-10 D

lelf 772727777 777 772 777 777777 772 7.7 7 7 7 2 7
LelF+IL-10 P

”fZ ]
777777 777 A
Lb+il-10 B SV

F Pl 7772777 777271

Lel,
LelF+iL-10 , .
0 1000 2000 3000

IL=12 p40 (pg/mi)

Fig. 74

Med 1
b y//4

lelfF P2 7722777222772 7

Med |2

b h 22
lelF VTl 77 7.7 7 7 70 7P 772 7.7 7772 72 772772
Med

b B D3

lelF V272277777 7 7 77 72 7.2 727 A

| ! —

0 500 1000 1500 2000
IL=12 p40 (pg/mi)

Fig. 7B
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(D) SOFTWARE: Patentln Rel ease #1.0, Version #1.30 (vi) CURRENT APPLI CATI ON
DATA: (A) APPLI CATI ON NUMBER: US (B) FILING DATE: 24- APR-1995 (C)
CLASSI FI viii) ATTORNEY/ AGENT | NFORMVATI ON: (A) NANI;SPK%Q Ann
T. (B) R%Bsqg g%l’%c\l NUVBER: P-39, 244 (C) REFERENCE/ DOCKET NUVB Rg/%%
210121 404PC (i x) TELECOVMUNI CATI ON | NFORNMATI ON: WO 95/ 29239
PCT/ US95/ 05064 40 (A) TELEPHONE: (206) -4900 (B) TELEFAX: (206)682-6031
(C) TELEX: 3723836 SEEDANDBERRY (2 IN |ON FOR SEQ I D NO 1: (i)
SEQUENCE CHARACTERI STI CS: (A) LENGITH 1618 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA
(i x) FEATURE: (A%{ P REY. CDS
ed b

Lb ¥A JV
Lelf |27

Med |2
Ly [
lelF V2777777777227 277 27

y.1/4

Med V.73
b P77 7777777777777 777777777 777777 W
lelf L2227

!

1 L ——

0 50 100 150 200 250
IL~12 p70 (pg/mi)

Fig. 7C

Med

th §
Lelf P7Z2772 a

Med
(b D2

Lelf [zZ71

Med [ 2274
Lb Y2774 D3
lelF WZ7777] . N [ .
0 50 100 150 200 250

IL-12 p70 (pg/mi)

Fis. 7D
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(B) LOCATION: 115..1326 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: CCACT TCTC

GGTCGTCTGI CTCCCACGCG CGCACGCAGT TGATTTCCGC CTTCTTAAAC 60 GCTCTCTTTT
TTTTTATT& %(EACC AACCGCACCA CGICGGECCTC CATC ATG pirUsoRkosd TCG
caG caa aXC@ T GCC CCA CAG GAC CAG GAC TCG TTC CTC GAC 165 Ser
Gn An Asp Arg Val Ala Pro G n Asp A n Asp Ser Phe Leu Asp 5 ’

10 15 GAC CAGCCCGGC&'ﬁ CCG ATC CCG TCC TTC GAT GAC
ATG CCG TTG 213 Asp G n Pro Gy\ rg Pro Ile Pro Ser Phe Asp Asp
Met Pro Leu 20 30 WD 95/ 29239

PCT/ US95/ 05064 41 CAC CAG AAC CTT CTG CBC GEC ATC TAC TCG TAC GCC TTC GAG
AAA CCG 261 Hi s GI n /‘s%ﬁ‘_{u eu—Ag—E-y—-e—y—Se+—Py—a+ Phe G u
Lys Pro 35 A 45 TCC AGC ATC 864;: gAS ng;:

GCC ATC GCC 309 Ser Ser I
AIaIIeAIa(P:?g +§n %gGyGyAspSO 5‘?/
60 ATC GCG CAG GCG CAG TCC GGI' ACC GGC ARG ACG GcC
GCC TTC TCC 357 Ileflle Ala @n Ala An Ser Ay Thr Ay Lyp Thr Ay
Al a Phe Ser 70 Med 75 80 _ATC GCGC CT[5 CTG CAG
CGC CTG GAC TTC eﬁn Fp)?_ gZCf'J"?’M”&VI" G LMY L FY

LelF+IL- 10 f

fed
LelF .o/ ] IV

LelF+Anti-lL-12

LelF+IL-10
0 5 10 15 20 25 30
IFN-goamma (ng/mi)
Fig. 84
Med |
Lb+Anti-IL-12 JN
Lb+IL-10
MeLz L4 ’/ /7 / 7/ 7 Ly
Lb+Anti-IL-12 FZ &
Lb+iL-10
Med
Lb’,"/,’//,’//,’//,'//,”/ J/V
Lb+Anti-IL =12 22l 22
Lb+lL-10
0 S 10 15 20 25

IFN-gamma (ng/mi)

Fig. 6B

SUBSTITUTE SHEET (RULE 26)



Leu Leu G n Arg Leu Asp Phe Arg His Asn Leu Ile dn Gy 85
95 CTC GIG CTC TCC CCG ACC CGC GAG CTG GCC CTG CAG ACG

Gié® 95120239 453 Leu Val
Val 100 105

CTG TCG AAC AGC GCG AAG TTC TGI GAG

Leu Ser Asn Ser Al a Lys Phe Q’%‘g&’-ﬁ

TTT GIG GGI' GGC ACG CGC GTIG CA
Phe Val Gy Ay Thr Arg Val
140

115

Leu Ser Pro Thr Arg G u Leu pd¢pusssreségsn Thr

110 ATC AGC CGC ATC G&C

501 Ile Ser Arg lle Gy

120

GAC CTG CGC AAG CTG CAG
G n Asp Asp Leu Arg Lys Leu G n 130

145 GCT GEC GIC GIC GIC GCC GIG

CCG GEC CCC GIG TCC GAg—6TE 597 Ala Ay Val Vval Vval Al a Vval
Pro Ay Arg Val Ser Asp §al 1%0 155
AAG CGC GEC GCG CTG @\@ \G TCC CTG CGC GIG CTG GIG CTC
Lys Arg Gy Ala Leu Ar %’tgs@u Ser Leu Arg Val Leu Val Leu 165
175 4ZGCTGATGAGATGCTGTCTCAGGGCTTC
CAG ATT TAC 693 LREEC Ala Asp Gu Met Leu Ser A n Ay Phe
An lle Tyr 180 185 ] 190 GAG ATC
TTC Cl A e o 0 70 3 741 Gulle
Phe Leu P yS Asp e 3dn val  Alra Leu Phe Ser (9%
205 [
A . .
§
.
{3
O -
w § Eo
i S =,
T 0000720000 0000000007000 0000 00000000007 .
AN
E ™
[ rznrprrzzzzzz 72077
N

3

3000
2500
2000 -
1500
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4000 A
500
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GCC ACG ATG CCG GAG GAG GIG CTG GAG CTG ACA AAG AAG TTC ATG CaC 789
Ala Thr Met Pro Qu Qu Val Leu Qu Leu Thr Lys Lys Phe Met Arg 210

215 220 225 GAC CCC GTA GTG
AAG CcC GRO RER2¥TG ACG CTG GAG G&C 837 Asp Pro Val %iﬁ@g{‘gu Val
Lys Arg Gu Ser Leu Thr Leu Gu dy 230 235 :

240 ATC AAG CAG TTC TTC ATC GCC GIC GAG GAG GAG CAC AAG CTG GAC ACG
885 Ile Lys A n Phe Phe Ile Ala Val A Il Gu H's Lys Leu Asp Thr 245

250 200 255 CTG ATG GAC CTG TAC GAG ACC GIG TCC ATC GCG CAG
TCC GIC ATC TTC [ 933 Leu Met Asp Leu Tyr GAW] Val Ser lle Ala A@n
Ser Val |le Phe 260 265 270 GCC AC ACC C&C
CGC AAG GTIG C TGG|ATC GCC GAG AAG CTG AAT CAG 981 Ala Asn Thr Arg
Arg Lys Val %@WMHeAIaGu Lys Leu Asn G n 280

285 AGC AAC ACC |GTC AGC AGC ATG CAC GCC GAG A AAG AGC GAC

1029 Ser Asn ﬂi‘s Thr} Val Ser Ser Met Hs Ala d
295 ~ | 300
TTCCGCAGC@:K@@TCCCGCGTGCTC
Phe Arg Ser Ay Ser |[Ser Arg Val Leu 310

320 WD 95/ 29239

PCT/ US95/ 05064 432&TA ACG ACC GAC CTC GTG GCC CQe/2) ATC GAC GIG CAC CAC
GIG AAC 1125

ro Lys Ser Asp 290

; GIC ATG AAC ACC
Arg Val Met Asn Thr
315

60 |
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Val
330
TAC CTG CRGo
Tyr Leu His

§%9239

GGC CGC TAC GGC GTA AAG GGT GIT GCC ATC AAC
Lys Gy Val Ala IlelBé 355

Ay Arg Tyr Ay Va
365 TTC GIG ACG (A

Thr Thr Asp Leu Val

Ala Arg Ay Ile Asp Val
335 ATC GIC ATC AAC TTC GAC CTG CCG ACG AAC AAG GAG AAC
1173 1l e Val

Hs Hs Val Asn 325

Il e Asn Phe Asp Leu Pro Thr peknisySoseed! Asn

345 350 CGC ATT GGC CGC GGC

1221 Arg lle Gy Arg Ay
360

CTG CAC GAG ATC GAG GGG CAC

529 Phe Valm'g ”
CTC CCG GIG GAC TTj
Leu Pro Val Asp Phf
400 GCC GAG TGA GO
1366 Ay Gu * ABA
GCGCECGTTCC 1426

P A O LT z’«fa‘%’of ;
Z m‘f’ffﬁé’%’?

I Leu Hs Qu Ile u Ay H's 370

385 TAC CAC ACG CAG ATC GAT GAG

1317 Tyr Hs Thr An lle Asp Gu
395

Z4 CGCGACG

MPASATAGTA AGGGCGTGCG

GELAE] CGCTTCTCTT TTGAGAGGGG

e e rate

GGCAGGGGGA  1486[ GEOGCTGOGE CTGECTGEAT GIGTGCTTGA GCTTGCATTC CGTCAAGCAA
GTGCTTTGIT  15461F5A# SPEEOSTF- 5 GCTCGTC CCTTTCGTTG GTGTTTTTTC
1618 44 (H°PHEG 1(i) SEQUENCE CHARACTERI STI CS:
0 é 4 6 4 0
IFN gamma (ng/ml)
, Fig. 114
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(A) LENGTH: 403 amino acids (B) TYPE: amno acid (D TOPOLOGY:

i near (i)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ ID NG 2: Met Ser
A n Asp AuhdkMorf) @ Pro G n Asp A n Asp Ser Phe Leu 1
10

Gn
PCT/US95/05063
15 Asp Asp Adn Pro Gy Val Arg Pro Ile Pro Ser Phe Asp
Asp Met Pro 20 2 30 Leu Hs @n Asn Leu
Leu Arg Ay Ile Tyr Ser Tyr Ay Phe Qu s 35 40
45 Pro Ser Ser Ile @dn @n Arg Ala IleldfEdPro Phe Thr Arg Ay Ay 50
55 60 Asp Ile Ile Ala Gn Ala An Ser Gy Thr dy Lys Thr
Gy Al a Phe 65 70 75
80 Ser Ild Ay Leu Leu A n Arg Leu Asp Phe Arg Hs Asn Leuille @dn 85
90 95 Ay Leu Val Leu Ser Pro Thr Arg G U Leu Ala Leu @ n
Thr Ala dju 100 105 110 vdl Ile Ser Arg
Ile Ay Gfu Phe Leu Ser Asn Ser Ala Lys Phe Cys 115 -120
125 A u THr Phe Val Gy Ay Thr Arg Val A n Asp Asp Leu Ard Lys Leu 130
135 3 140 WD 95/ 29239 N
PCT/ US95/ Q5064 & =
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_45'-@ n_.Ara_-GI-y Val Vval Val Ala VvVal dy Thr Pro Gy ;g Val .sers Asp 143, .

150 - 155 1160 Vak'iie,Lys Arg:@ a* u:*‘..
Arg Thr Qu Ser Leu Arg Val Leu Val 165 : et 170g YAL JJ-.:.“.
175 Leu Asp u Ala Asp Qu Met Leu Ser A n Ay Phe Ala Asp A n Ile 180

185 190 Tyr Gu lle Phe Arg Phe Leu Pro Lys Asp Ile dn
Val Al a Leu Phe 195 200 205 Ser Ala Thr
Met Pro Gu Gu Val Leu Qu Leu Thr Lys Lys Phe Met 210 215
220 Arg Agp Rrae\Vfeblacement 89¥y va| Lys Arg Qu Ser Leu Thr Leu Gu 225
230 _235‘ - _ 240 Gy Ile Lys G n Phe Phe Ile

Ala Val Gu Gu G u nkidys | eu Asp 245 250

255 Thr Laf9het PPEEU Tyr G u Thr Val Sesciiptidm G n Ser Val Ile 260
265 270 Phe Ala Asn Thr Arg Arg Lys Val Asp Trp Ile Al a

A u Lys Leu Asn 27? @m”’ﬁ 280 285 A n Ser Asn

H s Thr Val Ser Ser i s Al aCCMBOWRRS FAND | METHRDS JEQR THE 295

300 Asp A'g Gu ATg Val Net Aol B EnancsmNBeOrA g Val 305
Aa Ag Gy Ile Asp VERATECTRGE paprygsResFoNsES Al iz BrobitentBl

335
Technical Field

The present invention relates generally - to
compounds and methods for stimulating immune responses in
patients, as well as in isolated cells and cell cultures,
and for evaluating Leishmania-infected patients. The
_invention' is more particularly related to compounds
comprising all or a portion of a Leishmania braziliensis
antigen (LbelF4A), which is a homolog of the eukaryotic
initiation factor 4A (eIF4a), and to the use of such

- compounds for stimulating a TH1 immune response.

Backaground of the Invention

Leishmania are obligate intracellular protozoan
parasites of macrophages that cause a spectrum of human
diseases, including self-healing skin 1lesions, diffuse
cutaneous and mucosal manifestations, and severe visceral
disease. - The number of cases of leishmaniasis has
increased dramatically in the last 20 years, with about 2
million new cases diagnosed each year. Millions of cases
of the disease now exist worldwide, primarily in Brazil,
China, East Africa, India and areas of the Middle East.
The disease is also endemic in the Mediterranean region,
inclﬁding southern France, Italy, Greece, Spain, Portugal

and North Africa.

There are 20 species of Leishmania that infect

human. Of these species, Leishmania braziliensis

AMENDED SHEET
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46 Asr. lle Val Ile Asn Phe Asp Leu Pro Thr Asn Lys Gu Ast*Tyr Leu SZO-.. -
345 350H|sArgIIeGyArgGyGyArgWr'G)ZVaI Lys- s
Gy Val 360 365 ‘Asri Phe Val "¢«
Thr Qu Lyskbg F‘%’B‘E&ﬂ“ﬂ%ﬁ“ﬁ‘s Gulle Au @y 370 375
380 His Tyr H's Thr An Ile Asp Qu Leu Pro Val Asp Phe Ala Ala Tyr 385

390 te: 5 400 Leu Ay Qu WO 95/ 29239 47
Clainms 1. EzﬁaisolgﬁgdAﬁﬁwgﬂ%ﬂ ecul e conprising a DNA sequence sel ected
fromthe group consisting of: (a) nucl eoti das 115 through 1323 of SEQ ID
NG 1; (b) DNA sequences that hybridize to a nucl eoti de sequence

conpl ementary to nucl eotides 115 through 1323 of SEQ ID NO 1 under

noder at el y stri ngewmadinli cavass Mw%ecmgeqaed@lmm (cL).

pol ypepti de t hat B ‘%ﬁi:i‘x &%‘a%”Bﬁrbﬁépaai&yé&-%bépﬂ%é}s@h&?gl ity

nononucl ear cells obtalned froma Lei shmani a-i nf ect ed
DNA t hat encodes qﬁ@lfﬁébt+Hevéﬁ€6d§E°@%f§ﬁﬁﬁﬁvﬁﬂﬁ?59°nses to Lelshmanla
antigens during both active and cured disease. Most

patients with CL heal spontaneously. However, in some,
infected individuals, an active cutaneous disease or
mucosa; leishmaniasis (ML) arises, which is characterised
by severe and progressive destruction of the nasal, oral
and/or pharyngeal mucous membranes. Recent evidence has
suggested that IL-12, which can induce TH1 effector cell
development, can aid in the healing of L.major infection
(see Trinchieri, Immunol. Today 14:335-337, 1993).
Promastigotes appear to be the most susceptible to
macrophage-mediated immune responses, and it has been found
that promastigotes do not induce IL-12 production (see
Reiner et al. J. Exp. Med. 179:447-456, 1994).

Early diagnosis of leishmaniasis may be critical
for successful treatment, but is difficult to achieve since
there are no distinctive signs or symptoms of the disease.
Parasite detection methods have been used, but such methods
are not sensitive or practical. cCurrent serological tests
(using, for example, ELISA or immunofluorescence
techniques) typically use whole or lysed parasites, and are
generally'insensitive and prone to cross-reaction with a

variety of other diseases. In




forf.é‘go'i.'n.g DNA sequences. 2. A recorbi nant expression vector, conpri $ingee.
the DNA nolecule of claim1l. 3. A host: cekl ‘trans¥drmedsors transfécted..

vae ® L4

with the expression vector of claim2. 4. +« *A nmethod 'f.or preparing a**t¢ <
pol ypeptide that stinulates a Thl i mune response in peripheral blood*® *°

nononucl ear cells obtairp em a Lei shmani a-i nfected individual,
conpr i siﬁ@édalthﬁf?‘gbcqmmﬂt’e?cel | of claim3 under conditions pronoting
expressi on of the DNA sequencg and recovering the pol ypeptide. 5. A

pol ypept% orrp.r‘Zél rﬁDRm.ﬂ% no aci d sequence encoded by a DNA sequence
accordin y claim1l. 6. A pol ypepti de corﬁ?ri sing am no acids 49-403 of
SEQ ID NG 2, or a variant thereof that differs only in conservative

substitutions andfof, sbdifJ cat ilﬁg'eSlFZA. alss' JELNQTLLQL B¥@kNakind § fected
patient’s capabi IHTY ToOr geferatl ng. an i nmune Tesponse conpri st ng: Taj
contacting a bi olinfisdidusip|te adensnade &y Pwlacyiokdme profillee Sekyphpikue

of either of claidgg 5195 Cr. Y‘hﬁr&@ﬁ@li hQS@:@ngi Cfdg5anpl g Q“Pg'iprféé?;%xﬁfé | 3s
selected fromthe group consisting of peripheral Rl ood mpnonucl ear” cel | s

nonocytes, B cel @ kged cePgs, r oPKGESEioN| Bhbhi kG onSYERkLRES:
and WO 95/ 2923hterleukin-1 (IL-1), Interleukin-2 (IL-2), Interleukin-12

TS0 09064 “%Phey TEMRLIR RSP IERR ! U Hah3pe0eumor EGIELLE"
factor-a (TNF-a). IL-12 is a heterodimeric molecule
comprising p-40 and p35 subunits, which must be coexpressed
for the production of biologically active IL-12 p70. The
p40 subunit is produced only by IL-12 producihg cells and
is induced in vitro and in vivo after bacterial and
parasite stimulation, whereas the p35 subunit is both
ubiquitous and constitutively expressed. Therefore, cells
producing IL-12 also have a large excess (10-100 fold) of

biologically inactive free p40 chains.

LbelF4A also stimulates a Thl cytokine profile of
mRNAs such as those encoding IFN-y, IL-1, IL-2, IL-12 p40
subunit, and TNF-a, in PBMCs from Leishmania infected
patients. No detectable IL-4 or IL-10 mRNA, indicative of
a Th2 response, is present in such stimulated PBMCs. In

* fact, LbelF4A generally down-regulates the expression of
IL~10 and MRNA present in the "resting" PBMCs of some
leishmaniasis patients as well as the LPS-induced IL-10
production of patient and normal PBMCs. These properties
of LbelF4A suggest a role for- LbelF4A in a proi:ective
immune response following L.braziliensis infection. .

In addition, LbelF4A stimulates the production of
IL-12 and IL-2 in PBMCs obtained from uninfected control
individuals, as well as in cultured human macrophages, in
the human myeloid leukaemia cell line THP-1 and in mice.
LbelF4A also synergises with IFN-y to stimulate THP-1 cells
to secrete IL-12 and the induction of IFN-y production by -
patient PBMCs is abrogated by the presence of anti-IL-12

"AMENDED SHEL |
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Q. " The met hod of claim7 wherein the response, i s, secretionsof a gytokine

sel ected- from the group censisting of Int erferon-'['e1r r}. | Aterlkeukin-2,.* “"_-""

I nterl euki n-12 p70, Interleukin-12 p40 subunit, Interl‘eukin-1 and Tum)r' '

Necrosis Factor-a. 10. ] met hod of claim 7 wherein the response is
expressi on of 8ANYg a cytokine selected fromthe group consisting
of | ntgg&qgahef terI euki n-2, Interleukin-12 p40 subunit,

I nterl in-1 Necrosis Factor-a. 11. A nmet hod of enhancing a

cel lul ar and/ﬁr hurmr aI i mune response to q]lg adhtigen in a patient,
conpri spatadm nistering to a patient the polypeptide of either of clains 5
or 6 and an antigen. 12. A nethod for stimulating the production of

antibodies in a aﬁ{-_g,_gaa t hat dhad agli_gtﬁhnﬁdsn asipﬁmmsates II;-(-)]J:prlsmdlg IL-2
adm nistering to_a ent th s

A method for stiREP Pth°8 ‘ﬁ’l‘i"‘?#ﬁ%% ﬁ&’n lﬂ% pg'ill en?!‘Lﬁt ?‘Bsﬁ}%&ée
adni ni stering toaa pﬁtwmmdﬁammwepespensé,elaﬂdertbatcmer@ yireptides

A nmethod for sti EEH. d42 Ei%l-el sp ina ‘pg_ggoghﬁglllgg‘mhg_tycorm{l StHW
contacting a b|o 0gl ca sa obt ai ned from a ,Lei shimani a-i nf ect ed

i ndi vi dual with prﬁgepm?pem\ddetltﬁa@weméf dipgamess SHCly ajn SARCRTrhPS

bi ol ogi cal sanpl ge§®NRLi $REcELLbGsS@igeheds{rom the group consisting of
peri pheral nononucl ear cells, nonocytes, B cells, dendritic cells,

macrophages, and conbi nations thereof. 15. A nmet hod for downr egul ating
.expressi on of Interl euki Aecdﬁdmghypat1mntqneaoapp|e§|tngoﬁdnthi%t emvRptiPn he

patient the pol y§8%63§ Qg:'ee'#ltyﬂl elﬂzlféfrsegai)ﬁa J.no%Ga pa%,_rgﬁﬂ'nfgj d®¥rall

downr egul ating expressron of Inter in-10 1n a ogi cal
conprisi ng cont agbihity Be FeRfRTe AhIIEUSRS §Fﬁ88nf5?om As |5 jein, the
infected indivi dygipWi tpaltiend® Ypeetéee. oftcei tdrgy ofvaghabl®oBedr Gnimal,

wherein the biol Ogg%gll:'ably a human, A patient may be afflicted with a
disease, such as leishmaniasis (or other infectious
diseases) or cancer, or may be normal (i.é. free of
detectable disease and infection). 1In general, the level
of a proliferatiVe or Thl associated response elicted upon
exposure of a'patient's PBMCs to a LbelF4A polypeptide_is
indicative of the patient's capacity for generating an

immune response.

Briefly, such an evaluation of a patient's ability
to generate an immune response may be p'e_rformed by
contacting PBMCs obtained from the patient who may

AMENDLY SHEC;
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49-sanpl e corrpr.l ses cells sel ect ed fromthe group consisting of ‘{:'f)t,jl;n
mononucl ear cel nocyt es, woRLs fink Secrl 6k vorRlTkAToNTECT OPh TG and
conmbi nations th . 17. A met hod PR R¥M ni ng the suitability of an

antigen f m'ranmrmm mnrcmonmmusrmnmmmmm PATENT CGOPERAHON TREATY((PCT)

whet hqT ] T.on_of

I nterl Qpéﬁgqﬁ%ﬁﬂﬁgPﬁ &ﬁV?ﬁUal Fﬁgg,%?mnmg
nolt i FfeC-‘ (@m&ﬂmmmﬁaamﬁwgormﬁdvmmsmms)
sel ec S+ -5k RO

moNOCY{fif1n stmekc ce msmp u&@%&ﬁﬁb@%éﬁ@h@%&m cz,
18. , nonoc onal antl body that specificafly bmds mxm,lm poipypnpm. Im‘.Kz,LK
ei t her] (23} Intsinatiowsl FilingPat@. 19. 24 Apyil b ut i cal LRAFpIs0 ¥ J@& i MX,

pol ypdgptide of either of clains 57%r 6 and| a ph%%*tr* - éfg IETTLU
carrgi er(so)ﬂ,ﬂ, D,A vatcine for stipulating aj prot merlsﬁjwmpE:&S@?rﬁiQ:r{

anti gen, 3253411g t he? ppi M@ of el her 0BAMGNIMESME, NE SN Tanrﬁ),aﬂmlPOPatent(KE.
anti gen. thod for stinulatin f| | L- 1B FEiPon in a patient, :
conpri he pol ypeptide of either. of clains

5 or E%} g‘%’uu 1ufm§ m%&ﬁ% ﬁfS) nl félf phbgshéaduct i on in a bi ol ogi cal

sanpl ¢, conprls contacting the b|olog|c=I saﬂpMmWMVwmwmhmmvohvp@pMP@ewuﬁhmu
ei t her| (B} Ioperiar: Stsyen.d3; 2%%&%4 Bslledteolyi cal “RenifsiPE tighifpP s es ,c

sel ectjed fron1 a%oup consi sting of perijpheral bl ood nDn eIIs
MDNOCY (ZBAgeds: qeiﬂmcmdamﬂm btial; Se@l dnd® Batpde3000TOI Nat i ons t !a

met hod for CEOF“@HGFH"&IeYObﬁMém“ﬂaMﬂ% MAcB104i k h a di se % % IL 12
stinulatlonmndgﬂpr|3|ng adn1n|ster|ng to a pati éa po|y3£3f¥§e ﬁb&ff
eithef of clains 5 or 6. 24. The net hod jof cﬂ%; 23 mherel the d ease

is an ¢§A13Q>49

i nfectious di sease.

'(snAbstmt

Disclosed compounds include polypeptides that contain at least a biologically active portion of a Leshmania braziliensis homolog of the

(54) Titte: COMPOUNDS AND METHODS FOR THE STIMULATION AND ENHANCEMENT OF PROTECTIVE IMMUNE
RESPONSES AND IL-12 PRODUCTION

1~12 p40 (pg/m)

Compounds and methods t‘or stnmulaung and enhancmg immune responses and for evaluating pauent immune responses are disclosed.

eukaryotic initiation factor 4A, or a variant thereof. Such compounds are useful for stimulating 2 Th1 immune response and IL-12 production
in patients, as well as in isolated cells and cell cultures. The polypeptides of this invention are further useful for the evaluation and treatment

of- pauems, who may be afflicted with leishmaniasis or other dlsorders




25. The nethod of claim 23 wherein the disease is cancer. WD 95/ 29239 *
PCT/ US95/ 05064 50 26. A pol ypeptide according to either of clainse 5 or 6
for use in the manufacture of a medicanent for enhancing a cellular and/or;
hunoral i nmune response in a patient. 27. A pol ypeptide according to
either of clains 5 or 6 for use .in the manufacture of a nedi canent for.
stinulating the production of antibodies in a patient that bind to

Lei shmani a parasites. 28. A pol ypeptide according to either..of clains 5
or 6.for use in the manufacture of a nedicanent for stimulating a Thl

i mmune response in a patient. 29. A pol ypeptide according to either of
claims 5 or 6 for use in the manufacture of a nedi canent for downregul ati ng
expression of Interleukin- 10 in-a patient. 30. A pol ypepti de accordi ng
to either of clains 5 or 6 for use in the manufacture of .a nedi cament for
stinmulating Interleukin-12 in a patient. 31. A pol ypeptide according to
either of claims 5 or 6 for use in the manufacture of a nedi cament for
treating a patient afflicted with a di sease responsive to Interl ukin-12
stinmul ation. ' : :
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