
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/085140 Al
11 June 2015 (11.06.2015) P O P C T

(51) International Patent Classification: (74) Agent: WRIGHT, Bradley, C ; Banner & Witcoff, Ltd.,
C07K 16/20 (2006.01) A61P 33/06 (2006.01) 1100 13TH Street, NW, Suite 1200, Washington, District

of Columbia 20005 (US).
(21) International Application Number:

PCT/US20 14/06873 1 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
5 December 2014 (05.12.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

14/097,799 5 December 2013 (05. 12.2013) US PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(71) Applicants: LEIDOS, INC. [US/US]; 1195 1 Freedom TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Drive, Reston, Virginia 20190 (US). NATIONAL INSTI¬
TUTES OF HEALTH [US/US]; 601 1 Executive (84) Designated States (unless otherwise indicated, for every

Boulevard, Suite 325, MSC 7660, Bethesda, Maryland kind of regional protection available): ARIPO (BW, GH,

20892 7660 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

(72) Inventors: GUTIERREZ, Gabriel, M.; Leidos, Inc., TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
1195 1 Freedom Drive, Reston, Virginia 20190 (US). PAN- DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
NUCCI, James; Leidos, Inc., 1195 1 Freedom Drive, Re LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
ston, Virginia 20190 (US). NOE, Amy; Leidos, Inc., SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
1195 1 Freedom Drive, Reston, Virginia 20190 (US). GW, KM, ML, MR, NE, SN, TD, TG).
HUANG, Steve, Chienwen; Leidos, Inc., 1195 1 Freedom

Published:Drive, Reston, Virginia 20190 (US). WINRAM, Scott;
Leidos, Inc., 1195 1 Freedom Drive, Reston, Virginia — with international search report (Art. 21(3))
20190 (US). MO, Annie Xiaoyan; National Institutes of — with sequence listing part of description (Rule 5.2(a))
Health, 601 1 Executive Boulevard, Suite 325, MSC 4660,
Bethesda, Maryland 20892 7660 (US).

©

©

o (54) Title: ANTI-MALARIAL COMPOSITIONS

(57) Abstract: This disclosure provides antibodies that are useful for preventing and/or treating malaria. The epitope to which the
antibodies bind is in close proximity to the conserved proteolytic cleavage site of P.falciparum circumsporozoite protein (CSP), and
the antibodies provided in this disclosure can prevent cleavage and inhibit P.falciparum sporozoites from invading the liver.



ANTI-MALARIAL COMPOSITIONS

[01] This application incorporates by reference the contents of an 11.3 kb text file created on

May 14, 2014 and named "14097799substitutesequencelisting2.txt," which is the

sequence listing for this application.

[02] Each reference cited in this disclosure is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[03] The invention relates to compositions and methods for preventing and treating malaria.

BRIEF DESCRIPTION OF THE DRAWINGS

[04] FIG. 1. Graph of results of biolayer interference assay (BLI) to detect binding of

monoclonal antibodies (mAbs) raised against recombinant circumsporozoite protein

(rCSP). See Example 2 .

[05] FIGS. 2A-B. Graphs demonstrating binding of anti-CSP mAbs to regions of P.

falciparum CSP by ELISA. FIG. 2A shows binding of mAb 5D5 strongly to a long CSP

N-terminal region peptide. FIG. 2B shows binding of mAb 2G9 to a long CSP repeat

region peptide. See Example 3 .

[06] FIG. 3 . Photomicrograph of Western Blot showing binding of anti-CSP mAbs 2G9 and

5D5 to P.falciparum sporozoites and rCSP under reducing conditions. Lanes 1 and 3,

25,000 P.falciparum sporozoites; lanes 2 and 4, 0.25 µg rCSP. See Example 4 .

[07] FIGS. 4A-C. Mapping of mAb 5D5 to a specific region of the N-terminal CSP domain.

FIG. 4A, schematic representation of P.falciparum CSP. FIG. 4B, peptides located in

the N terminal region of CSP. Peptide 8, SEQ ID NO:17; peptide 9, SEQ ID NO:18;

peptide 10, SEQ ID NO: 19. FIG. 4C, graph of results of peptide mapping by ELISA.

See Example 5 .

[08] FIG. 5 . Graph showing percent inhibition by 1 µg/ml of mAb 5D5 and control mAb

2A10 of parasites in the liver of mice challenged with transgenic P. berghei sporozoites

containing a portion of the P.falciparum CSP (repeat region and a small portion of the N-

terminal domain, including the cleavage site). See Example 6 .



[09] FIGS. 6A-B. Amino acid sequences of the heavy and light chain variable regions of mAb

5D5. CDR sequences are underlined. FIG. 6A, heavy chain variable region (SEQ ID

NO: 14). FIG. 6B, kappa (light) chain variable region (SEQ ID NO: 16). See Example 7 .

DETAILED DESCRIPTION

[10] Malaria is an infectious, febrile disease which is caused by protozoa of the genus

Plasmodium. Malaria is transmitted by the bites of infected Anopheles mosquitoes and

can be caused by any Plasmodium species that infects humans, including, but not limited

to, Plasmodium vivax and Plasmodium falciparum.

[11] Circumsporozoite protein (CSP) is the major protein on the surface of the Plasmodium

sporozoite. CSP contains an N-terminal domain, a conserved pentapeptide protease

cleavage site at the core of region I, a repeat region, a short conserved sequence termed

region III, and a C-terminal region with sequence homology to the thrombospondin type-

1 repeat superfamily (Doud et al, Proc. Natl. Acad. Sci. USA 109, 7817-22, 2012. CSP is

proteolytically processed cysteine protease during invasion of hepatocytes (Coppi et al.,

J. Exp. Med. 201, 2Ί - , 2005). Processing occurs on the sporozoite surface when

sporozoites contact hepatocytes, resulting in the removal of the amino-terminal third of

the protein. The cleavage site is a five amino acid sequence (KLKQP; SEQ ID NO:20),

which is highly conserved among P.falciparum isotypes.

[12] This disclosure provides antibodies that bind to an epitope in close proximity to the

protease cleavage site of CSP. Binding of the antibodies to this epitope can prevent

cleavage and inhibit Plasmodium sporozoites from invading the liver. Because the

cleavage site among all species of Plasmodium that infect humans is conserved, the

disclosed antibodies can be used to treat or reduce infection in human by all such

Plasmodium species.

5D5 Antibodies

[13] Unless otherwise indicated, the term "antibody" means an intact antibody {e.g., an intact

monoclonal antibody) or antigen-binding fragment of an antibody {e.g., an antigen-

binding fragment of a monoclonal antibody), including intact antibodies or antigen-

binding fragments that have been modified or engineered. Modified or engineered

antibodies include, but are not limited to, chimeric antibodies, humanized antibodies, and

multispecific antibodies {e.g., bispecific antibodies). Examples of antigen-binding



fragments include Fab, Fab', F(ab')2, Fv, single chain antibodies (e.g., scFv), and

diabodies. Particularly useful subclasses of antibodies include IgGi, IgG3, and IgA.

[14] A "5D5 antibody" is an antibody containing the CDR regions of monoclonal antibody

(mAb) 5D5, which is described in the specific examples, below. The antibody mAb 5D5

was deposited on November 19, 2013 with The Malaria Research and Reference Reagent

Resource Center (MR4), which is managed by managed by ATCC, under Accession No.

MRA-1242. Availability of the deposited antibody is not to be construed as a license to

use the antibody in contravention of the rights granted under the authority of any

government in accordance with its patent laws. mAb 5D5 is a murine IgGi/κ subclass

antibody obtained using the full length recombinant CSP of Plasmodiumfalciparum (3D7

strain) as an immunogen.

[15] The immunoglobulin heavy chain of mAb 5D5 antibody comprises CDR I

(GYTFTGYGLS; SEQ ID NO:l), CDRH2 (IYPRSGNTYYNEKFKGKAT ; SEQ ID

NO:2), and CDRH3 (SWGNSSFVY; SEQ ID NO:3). The immunoglobulin light chain

variable region of mAb 5D5 comprises CDRLi (KASQSVTNDVT; SEQ ID NO:4),

CDRL2 (ASNRYTG; SEQ ID NO:5), and CDRL3 (QQDYSSPFT; SEQ ID NO:6).

Together, these CDR regions define a binding site for the mAb 5D5 epitope

EKLRKPKHKKLK (SEQ ID NO:7).

[16] The locations of the mAb 5D5 epitope (bold and underlined) and the protease cleavage

site (bold and italicized) within P.falciparum CSP (SEQ ID NO: 8) are shown below:

MMRKLAI L SVS S FLFVEALFQEYQCYGS S SNTRVLNELNYDNAGTNLYNE
LEMNYYGKQENWY S LKKNSRS LGENDDGNNE DNE KLRKP KHK i P ADG

NPD P ANPNVDPNAN PNVDPNA PNVDPNA P ANPNANPNANPNANPNA

NPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNVDP

NAN PNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNA
NPNANPNANPNANPNANPNANPNKNNQGNGQGHNMPNDPNRNVDENANAN

SAVKNNNNEE P S DKH I KEYLNKI QNS L S TE S P C SVTCGNG I QVRI KPGS
ANKPKDELDYAND I EKKI CKMEKC S SVFNVVNS S I GL IMVL S FLFLN

[17] In some variations, a 5D5 antibody is an scFv. Particularly useful 5D5 scFv antibodies

are those which comprise an Fc region of the IgGi, IgG3, or IgA subclass.

[18] In some variations, the CDR sequences of a 5D5 antibody are interposed between human

or humanized immunoglobulin framework regions to reduce or eliminate antigenicity

when administered to humans. Methods for humanizing antibodies are known in the art.

For example, mouse immunoglobulin constant regions can be replaced with human



immunoglobulin constant regions, as described in Morrison et al, Proc. Natl. Acad. Sci.

USA 81, 6851-55, 1984; Neuberger et al, Nature 312, 604-08, 1984; U.S. Patent

6,893,625; U.S. Patent 5,500,362; and U.S. Patent 4,816,567.

[19] Alternatively, CDRs can be grafted into human framework regions. The human

framework regions can be consensus human framework regions, created by aligning

framework regions from several human heavy chain or light chain amino acid sequences

to identify a consensus amino acid sequence. Descriptions of CDR grafting are provided,

for example, in U.S. Patent 7,022,500; U.S. Patent 6,982,321; U.S. Patent 6,180,370; U.S.

Patent 6,054,297; U.S. Patent 5,693,762; U.S. Patent 5,859,205; U.S. Patent 5,693,761;

U.S. Patent 5,565,332; U.S. Patent 5,585,089; U.S. Patent 5,530,101; Jones et al., Nature

321, 522-25, 1986; Riechmann et al., Nature 332, 323-27, 1988; Verhoeyen et al.,

Science 239, 1534-36, 1988; and Winter, FEBS Lett. 430, 92-94, 1998.

[20] Other approaches include SUPERHUMANIZATION™, in which human CDR sequences

which are structurally similar to a mouse antibody can be chosen from human germline

genes (e.g., U.S. Patent 6,881,557; Tan et al, J. Immunol. 169, 1119-25, 2002);

"reshaping," "hyperchimerization," or "veneering/resurfacing" (see, e.g., Vaswami et al,

Annals of Allergy, Asthma, & Immunol. 81, 105 (1998); Roguska et al, Prot. Engineer. 9,

895-904 (1996); U.S. Patent 5,639,641; U.S. Patent 6,072,035); ACTIVMAB™

technology (Vaccinex, Inc., Rochester, N.Y.), which involves using a vaccinia virus-

based vector to express antibodies in mammalian cells, producing high levels of

combinatorial diversity of IgG heavy and light chains {e.g., U.S. Patent 6,706,477; U.S.

Patent 6,800,442; and U.S. Patent 6,872,518); and HUMAN ENGINEERING™

technology (XOMA (US) LLC (e.g., WO 93/1 1794; U.S. Patent 5,766,886; U.S. Patent

5,770,196; U.S. Patent 5,821,123; and U.S. Patent 5,869,619).

Production of 5D5 Antibodies

[21] Methods for recombinant production of antibodies are well known in the art. For

example, DNA molecules encoding light chain variable regions and heavy chain variable

regions can be chemically synthesized using the amino acid sequence information

provided in this disclosure. Synthetic DNA molecules can be ligated to other appropriate

nucleotide sequences, including, e.g., constant region coding sequences and expression

control sequences, to produce conventional gene expression constructs encoding the

desired antibody. Production of gene expression constructs is within routine skill in the

art. Nucleic acid molecules may comprise coding sequences for one or more of the CDRs



of a 5D5 antibody. This disclosure provides the amino acid sequences of the CDRs, and

any nucleotide sequence that encodes the desired amino acid sequence may be used to

express the desired amino acid sequence. Non-limiting examples of nucleotide sequences

include SEQ ID NO: 13 (encoding the VH region of mAb 5D5) and SEQ ID NO: 15

(encoding the VL region of mAb 5D5).

[22] Nucleic acid molecules can encode one or more of the 5D5 CDRs. In some variations, a

nucleic acid molecule encoding one or more of the 5D5 CDR sequences is a cDNA

molecule having no introns.

[23] Expression constructs expressing one or more of the 5D5 CDRs can be introduced into

host cells through conventional transfection or transformation techniques. Examples of

host cells are E. coli cells, Chinese hamster ovary (CHO) cells, HeLa cells, baby hamster

kidney (BHK) cells, monkey kidney cells (COS), human hepatocellular carcinoma cells

{e.g., Hep G2), and myeloma cells that do not otherwise produce immunoglobulins.

Transformed host cells can be grown under conditions that permit the host cells to

express the genes that encode the immunoglobulin light or heavy chain variable regions.

[24] Alternatively, amino acid sequences of a 5D5 antibody can be synthesized using a peptide

synthesizer, as is known in the art.

Pharmaceutical Compositions and Methods of Use

[25] Pharmaceutical compositions comprising one or more of the 5D5 antibodies disclosed

herein typically contain a sufficient concentration of 5D5 antibodies to reduce or prevent

cleavage of CSP so that the invasion of the liver by Plasmodium sporozoites is slowed,

reduced, or prevented. Pharmaceutical compositions comprise a pharmaceutically

acceptable vehicle. Descriptions of suitable pharmaceutically acceptable vehicles, and

factors involved in their selection, are found in a variety of readily available sources.

[26] Administration typically is parenteral. Pharmaceutical compositions suitable for

parenteral administration comprise various aqueous media such as aqueous dextrose and

saline solutions and glycol solutions, and may comprise suitable stabilizing and/or

buffering agents. In some variations, 5D5 antibodies are provided in a single or a multi-

use vial as a lyophilized sterile powder, under vacuum. Packages or kits containing such

vials may also include one or more vials of Bacteriostatic Water for Injection (BWFI),

USP, which may contain a preservative {e.g. benzyl alcohol).



[27] A pharmaceutical composition comprising one or more of the 5D5 antibodies disclosed

herein can be administered prophylactically to reduce or prevent cleavage of CSP and

thereby slow, reduce, or prevent Plasmodium sporozoites from invading the liver. Such

compositions can be administered to malaria-naive individuals {e.g., military personnel,

state-department personnel, travelers) entering endemic regions to reduce or prevent

infection. In some variations, a pharmaceutical composition comprising a 5D5 antibody

can be administered in conjunction with a vaccine composition comprising a malarial

antigen such as those disclosed in Mata et al., BioMed Research Int'l. Vol. 2013, Article

ID 282913, 2013. Unless otherwise indicated, administration "in conjunction with" a

traditional malaria vaccine includes sequential administration (either before or after

administration of a traditional malaria vaccine) as well as administration of a 5D5

antibody in a composition comprising an agent that raises an immune response against

the Plasmodium.

[28] A pharmaceutical composition comprising 5D5 antibodies can be administered to treat

malaria in an individual already infected with a Plasmodium species. In some variations,

a pharmaceutical composition comprising 5D5 antibodies is administered in conjunction

with one or more other anti-malarial drugs, such as atovaquone and proguanil,

chloroquine, doxycycline, mefloquine, and primaquine. Unless otherwise indicated,

administration "in conjunction with" an anti-malarial drug includes sequential

administration (either before or after administration of an anti-malarial drug) as well as

administration of a 5D5 antibody in a composition comprising an anti-malarial drug.

[29] The following examples are provided to illustrate certain particular features and/or

embodiments. The examples should not be construed to limit the disclosure to these

particular features or embodiments.

Example 1. Antibody Production and Purification

Antibodies were prepared by Precision Antibody, Inc. (Columbia, MD). Three Balb/c

mice were immunized with recombinant full-length P.falciparum CSP (rCSP; SEQ ID

NO: 8) produced by Pfenex, Inc. (San Diego, CA) Serum titers were determined from tail

bleed samples via ELISA, and splenocytes were harvested and fused once titers exceeded

1:50,000.



Example 2. Reactivity of anti-CSP mAbs

[30] A panel of 14 mAbs generated as described in Example 1 were tested for binding to rCSP

by biolayer interference assay (BLI), which measures changes in an interference pattern

generated from visible light reflected from an optical layer and a biolayer containing a

mAb for characterizing its binding profile of rCSP, and by Western blot. The results of

the BLI assays are shown in FIG. 1. Most of the antibodies tested demonstrated a strong

association to rCSP. Several of the antibodies demonstrated rapid dissociation from rCSP,

with 5D5 being the most rapid.

Example 3. Binding of mAbs to CSP domains

[31] The same panel of 14 mAbs was used in an indirect ELISA to determine binding to long

peptides corresponding to the N-terminal (SEQ ID NO:9), repeat (SEQ ID NO: 10), and

C-terminal (SEQ ID NO: 11) domains of CSP. Only mAb 5D5 bound the N-terminal

region of CSP (FIG. 2A), while other antibodies bound either to the repeat or C-terminal

region of CSP (FIG. 2B).

Example 4. Binding of mAb 5D5 to Native CSP

[32] An immunofluorescence assay (IFA) was used to determine if mAb 5D5 bound to native

CSP. Transgenic P. berghei sporozoites containing a portion of the P.falciparum CSP

(repeat region and a small portion of the N-terminal domain, including the cleavage site)

were the generous gift of Dr. E. Nardin. Sporozoites were obtained by feeding Anopheles

stephensi mosquitoes on infected Swiss-Webster mice (Taconic Laboratories) and

harvesting sporozoites from dissected salivary glands 18-21 days after the last blood

meal. Transgenic P. berghei sporozoites were air-dried onto multispot glass slides and

incubated for 1 hour at room temperature with mAbs diluted in PBS + 1% BSA. Slides

were washed 3X in PBS, incubated for 1 hour at room temperature with a FITC-labeled

goat anti-mouse IgG antibody (Kirkegaard and Perry, Gaithersburg, MD), washed again,

and then viewed under a fluorescence microscope.

[33] P.falciparum 3D7 sporozoites air-dried onto multisport glass slides and were incubated

for 30 min at 37°C in a humidified chamber with mAbs diluted in PBS. Slides were

washed 3X in PBS and incubated for 30 min at 37°C in the dark with a FITC-labeled goat

anti-mouse IgG antibody (Kirkegaard and Perry, Gaithersburg, MD) diluted 1:40 in PBS



containing 0.02% Evans blue. Slides were washed again, mounted with

VECTASHIELD® mounting media, and viewed under an epifluorescence microscope.

[34] A weak fluorescence signal was detected with mAb 5D5 compared with the signal

generated by control mAb 2G9, which recognizes the CSP repeat region.

[35] An IFA was also performed using a chimeric rodent malaria parasite P. berghei that

expresses a larger portion of the N-terminal region (amino acids 22-92) of the P.

falciparum CSP. Again, mAb 5D5 generated a weak fluorescence signal as compared to

mAb 2G9. The mAb 5D5 recognized P.falciparum 3D7 parasites in situ but required a

higher concentration compared to mAb 2G9 for a signal to be detected.

[36] Binding to native CSP also was examined via western blot with P.falciparum 3D7

sporozoite lysate and rCSP under reducing conditions (FIG. 3). Differential binding was

seen with the mAb 5D5, whereas the control mAb 2G9 bound to rCSP in sporozoite

lysate and to rCSP.

Example 5. Peptide Mapping of Anti-CSP mAbs

[37] To define further which area of the N-terminal region mAb 5D5 recognizes, an indirect

ELISA was performed with overlapping 15-mer peptides spanning the entire CSP. This

mapping was conducted by AscentGene, Rockville, MD, using peptides diluted in DMSO

to a concentration of 2µg/ml. Plates were blocked with BSA and incubated with 1.3

µg/well of each mAb. An HRP-conjugated anti-mouse secondary antibody ( 1:10,000)

was used, followed by detection with TMB substrate.

[38] The results are shown in FIG. 4C. Strong reactivity of the 5D5 mAb was found only to

peptide 9 (SEQ ID NO:18), which consisted of amino acids 81-95 of CSP. No reactivity

was seen with mAb 5D5 to peptide 8 (amino acids 71-85 of CSP; SEQ ID NO:17) or

peptide 10 (amino acids 91-106 of CSP; SEQ ID NO: 19). The putative 5D5 epitope was

identified as EDNEKLRKPKHKKLK (SEQ ID NO:7).

[39] To confirm the epitope, competitive ELISA assays were performed using a series of 9-

mer peptides (peptide A, SEQ ID NO:21; peptide B, SEQ ID NO:22; peptide C, SEQ ID

NO:23; peptide D, SEQ ID NO:24; peptide E, SEQ ID NO:25) encompassing the

sequence corresponding to peptides 8-10 to identify which peptides competed with rCSP

for binding to mAb 5D5. The results are shown in Table 1. The results confirm that

peptide 9 competes with rCSP for binding to mAb 5D5.



Table 1.



Example 6. Passive Transfer of Anti-CSP mAb Decreases Parasite Liver Load

[40] Challenge studies were performed with C57B1/6 mice and live chimeric P. berghei

sporozoites expressing either the repeat region (and a small portion of the N-terminal

domain) or the majority of the N terminal domain of P.falciparum, both of which

contain the cleavage site and the 5D5 epitope. Each mouse was injected intravenously

with 300 µg of mAb 5D5 or one of the positive control mAbs 3D1 1 or 2A10 in PBS

just before challenge with 10,000 sporozoites suspended in 100 µΐ of PBS containing

1% normal mouse serum. Mice were euthanized 40-42 hours post challenge, and

their livers were excised. Total RNA was extracted from the livers and used to

estimate liver parasite load by real time PCR as described in Bruna-Romero et al., Int

J. Parasitol. 31, 1499, 2001.

[41] The results are shown in FIG. 5 . Liver load of parasites in mice to which mAb 5D5

was administered was significantly decreased compared to the naive control group.

Example 7. Analysis of mAb 5D5 Heavy and Light Chains

[42] Total RNA Extraction. Total RNA was extracted from hybridoma cells using Trizol

Reagent (Invitrogen Catalog Number 15596) and prepared according to the

manufacturer's protocol. Isopropanol-precipitated RNA was resuspended in sterile

RNAse/DNAse free H20 and the absorbance at A260 determined. Electrophoresis on

a 1% TAE-agarose gel was used to determine quality.

[43] First-round RT-PCR. 5 µg of RNA was used for the first strand cDNA preparation

using SUPERSCRIPT® III (Invitrogen catalog # 18080-051). Oligo-dT was used as

primer. cDNA was purified using Qiagen QIAQUICK® columns and tailed using

terminal deoxyribonucleotide transferase (Invitrogen catalog # 10533-065). The

polyadenylated first strand cDNA was purified using Qiagen QIAQUICK® columns

as before. PCR was performed with reverse primers specific for the heavy and light

chains and with a common oligodT primer as a forward primer. Reverse primers

were located in the constant regions of heavy and light chains. No restriction sites

were engineered into the primers.



PCR Conditions

Forward primer only: 50°C, 5 cycles

11 Add reverse primer(s)

111 Denaturation step 94°C, 120 seconds

IV, 35 Cycles of: 94°C, 30 seconds

55°C, 30 seconds

72°C, 120 seconds

[45] Analysis of PCR Results. PCR reaction samples were analyzed on a preparative

TAE-1% agarose gel to visualize the amplified DNA fragments. The correct antibody

variable region DNA fragments should have a size between 600-750 base pairs. The

amplified PCR products are excised from the gel and purified using Qiagen

QIAQUICK® columns.

[46] The purified PCR products were ligated into EcoRV-digested pBluescript using a

QUICK-LIGATION® kit (New England BioLabs, Inc. Catalog #M2200S) and

transformed into E. coli strain DH5-a on X-Gal/IPTG LB plates. The next day, white

colonies were placed into 3 ml of LB+amp broth, grown overnight, and purified using

Qiagen minicolumns, followed by restriction digestions and gel electrophoresis. A

minimum of 6 correctly sized clones of each light and heavy chain were sequenced.

[47] Sequencing. The cloned DNAs were sequenced by Sequetech (Mountain View, CA)

using an ABI 3730XL Capillary Sequencer using primers which flank both ends of

the cDNA insert. The resulting DNA files were assembled and edited using VECTOR

NTI®. The resulting assemblies translated to provide a deduced amino acid sequence.

[48] The heavy chain insert encodes an IgGl isotype murine antibody. Full-length clones

included a 5 1 bp 5' untranslated leader preceding a canonical 19 amino acid signal

sequence. The light chain insert encodes an kappa isotype murine antibody. Full-

length clones included a 27 bp 5' untranslated leader preceding a canonical 20 amino

acid signal sequence.

[49] The amino acid sequences of the heavy and light chains are shown in FIG. 6A and

FIG. 6B. The CDRs of mAb 5D5 were identified using the Kabat database

(bioinf.org.uk/abs/#cdrdef; see "Protein Sequence and Structure Analysis of Antibody



201

Variable Domains" in Antibody Engineering Lab Manual . Dubel & Kontermann, eds.,

Springer-Verlag, Heidelberg, 2001).



CLAIMS

1. An isolated antibody which:

(a) comprises:

(1) an immunoglobulin heavy chain variable region, comprising

a first heavy chain complementarity determining region (CDR )

comprising the amino acid sequence SEQ ID NO:l; a second CDR H

comprising the amino acid sequence SEQ ID NO:2; and a third CDR

comprising the amino acid sequence SEQ ID NO:3; and

(2) an immunoglobulin light chain variable region comprising a

first light chain complementarity determining region (CDRL)

comprising the amino acid sequence SEQ ID NO:4; a second CDR L

comprising the amino acid sequence SEQ ID NO:5; and CDR L

comprising the amino acid sequence SEQ ID NO:6;

or

(b) comprises the complementarity determining regions of the

immunoglobulin heavy and light chains of the antibody deposited under Accession

No. MRA-1242.

2 . The isolated antibody of claim 1, which is an scFv antibody.

3 . The isolated antibody of claim 1, which is humanized.

4 . A cDNA molecule, comprising a coding sequence for a CDRH of the antibody of

any of claims 1, 2, 3, and 13.

5 . The cDNA molecule of claim 4, which comprises:

a coding sequence for a first CDRH;

a coding sequence for a second CDRH;

a coding sequence for a third CDRH;



a coding sequence for a first CDR H and a coding sequence for a second

CDR H;

a coding sequence for a first CDR H and a coding sequence for a third

CDR H;

a coding sequence for a second CDR H and a coding sequence for a

third CDR H; or

a coding sequence for a first CDR H, a coding sequence for a second

CDR H, and a coding sequence for a third CDR H .

6 . A cDNA molecule comprising a coding sequence for a CDR L of the antibody of

any of claims 1, 2, 3, and 13.

7 . The cDNA molecule of claim 6, which comprises:

a coding sequence for

a coding sequence for

a coding sequence for

a coding sequence for

CDR L;

a coding sequence for a first CDR L and a coding sequence for a third

CDR L;

a coding sequence for a second CDR L and a coding sequence for a

third CDR L; or

a coding sequence for a first CDR L, a coding sequence for a second

CDR L, and a coding sequence for the third CDR L.

8. A pharmaceutical composition, comprising the antibody of any of claims 1, 2, 3,

and a pharmaceutically acceptable carrier.



9 . A method of protecting an individual against a Plasmodium infection, comprising

administering to an individual in need thereof an effective amount of a pharmaceutical

composition comprising the antibody of any of claims 1, 2, 3, and 13.

10. The method of claim 9, further comprising administering to the individual a

malarial antigen.

11. A method of treating malaria, comprising administering to an individual in need

thereof an effective amount of a pharmaceutical composition comprising the antibody of any

of claims 1, 2, 3, and 13.

12. The method of claim 11, further comprising administering to the individual an

anti-malarial drug.

13. The antibody deposited under Accession No. MRA-1242.

14. Use of the antibody of any of claims 1, 2, 3, and 13 in the manufacture of a

medicament for protecting an individual against a Plasmodium infection.

15. Use of the antibody of any of claims 1, 2, 3, and 13 in the manufacture of a

medicament for treating malaria.

16. Use of the antibody of any of claims 1, 2, 3, and 13 for protecting an individual

against a Plasmodium infection.

17. Use of the antibody of any of claims 1, 2, 3, and 13 for treating malaria.

















INTERNATIONAL SEARCH REPORT PCT/US2014/068731

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed
invention, the international search was carried out on the basis of:

a . (means)

on paper

in electronic form

(time)

in the international application as filed□ together with the international application in electronic form□ subsequently to this Authority for the purpose of search

2 . I I In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filedI I or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

3 . Additional comments:

Form PCT/ISA/21 0 (continuation of first sheet (1)) (July 2009)



A . CLASSIFICATION O F SUBJECT MATTER

INV. C07K16/20 A61P33/06
ADD.

According to International Patent Classification (IPC) o r t o both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C07K A61K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , BIOSIS, EMBASE, CHEM ABS Data, WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2005/063805 Al (US GOV HEALTH & HUMAN 1-17
SERV [US] ; RATHORE DHARMENDAR [US] ;
MCCUTCHAN TH) 14 July 2005 (2005-07-14)
page 3 , l i ne 5 - l i ne 23 ; f i gures 1-7 ;
sequence 6
page 4 , l i ne 5 - page 6, l i ne 8
page 6, l i ne 27 - page 7, l i ne 19
page 10, l i ne 21 1i ne 31
page 17 , l i ne 7 l i ne 22
page 21 , l i ne 20 l i ne 30
page 25 , l i ne 23 page 26, l i ne 2
exampl es 1, 2

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot b e considered to involve a n inventive

"L" documentwhich may throw doubts o n priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve a n inventive step when the document is

"O" document referring to a n oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

12 March 2015 26/03/2015

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
N L - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Bayer, Annette

page 1 of 2



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 92/17204 Al (US COMMERCE [US] ) 1-17
15 October 1992 (1992-10-15)
page 5 , l i nes 4-12 , 28-32
page 6 , l i ne 15 - l i ne 22
page 8 , l i ne 13 - l i ne 18
page 9 , l i ne 26 - l i ne 38
page 10, l i ne 14 - l i ne 21
c l aims 7 , 11 , 12 ; f i gure 3a

X A. COPPI : "The Pl asmodi um 1-17
c i rcumsporozoi t e protei n i s
proteolyti cal l y processed duri ng cel l
i nvasi on" ,
JOURNAL OF EXPERIMENTAL MEDICINE,
vol . 201 , no. 1 ,
3 January 2005 (2005-01-03) , pages 27-33 ,
XP055175147 ,
ISSN : 0022-1007 , D0I : 10. 1084/jem. 20040989
the whol e document, i n parti cul ar page 27 ,
r i ght-hand col umn , l ast paragraph ; page
31 , l eft-hand col umn , l ast paragraph and
page 32 , l eft-hand col umn , second ful l
paragraph

X S. B. ALEY: "Syntheti c pepti des from the 1-17
c i rcumsporozoi t e protei ns of Pl asmodi um

fal c i parum and Pl asmodi um knowl esi
recogni ze the human hepatoma cel l l i ne
HepG2-A16 i n v i tro" ,
JOURNAL OF EXPERIMENTAL MEDICINE,
vol . 164, no. 6 ,
1 December 1986 (1986-12-01) , pages
1915-1922 , XP055175151 ,
ISSN : 0022-1007 , D0I :
10. 1084/jem. 164. 6 . 1915
page 1916, paragraph 4 ; f i gure 1
page 1918, paragraph 3
d i scussi on and summary

X PATRICK YING ET AL: "The Mal ari a 1-17
Ci rcumsporozoi t e Protei n : Interacti on of
the Conserved Regi ons I and 11- P us wi t h
Hepari n-l i ke Ol i gosacchari des i n Heparan
Sul fate" ,
EXPERIMENTAL PARASITOLOGY,
vol . 85 , no. 2 ,
1 February 1997 (1997-02-01) , pages
168-182 , XP055175154,
ISSN : 0014-4894, D0I :
10. 1006/expr. 1996.4134
page 170, r i ght-hand col umn , paragraph 2 ;
f i gure 1
page 174, l eft-hand col umn , paragraph 2 -
r i ght-hand col umn , paragraph 1
page 180, l eft-hand col umn , paragraph 2

page 2 of 2



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2005063805 Al 14-07-2005 NONE

W0 9217204 Al 15-10-1992 AU 1762092 A 02-11-1992
W0 9217204 Al 15-10-1992


	abstract
	description
	claims
	drawings
	wo-search-report

