fetgre

AD-A285 33

LU

- Form Approve
4 ENTATION PAGE OMSB Ng.p0704‘{0168 / ,

IMBIEC 1C 2+¢186E 2 RCUI DEr *€30r1E, MLIUCingG The 1iMe 1O revsewing 1siructions, 1EIICRING eanting Cats sources. |
W TEVIEwng IR COIECUOA C AUTErINDA  $eAC COMMENTE TECAITNG 1A DurCen e1%imate o 3Ny CIher a3Det Of 1hn
4 Durcen, 10 WAIRAGION meazsuanien Servces, Direciorate {or mformation Oderatiom ane fea0ms, 1215 setiensn
e Otfuce of Management anc Bucget. faperwort Aeduction Project (0704-0188), Washinglon, DC 22¢03,

1. AGENCY USE ONLY (Leave blank)

2. REPORT DATE 3. REPORT TYPE AND DAES LOVERED

1994 Journal arti

cle .
S. FUNDING NUMBERS

4. TITLE AND SUSTITLE
Plasmodium falciparum: exported protein-1, a blood stage antigen

is expressed in liver stage parasites

6. AUTHOR(S) Sanchez Glj Rogers W0; Mellouk S; Hoffman SL

PE 611024

PR -001.01
TA - BFX
WU -1431

7. PERFORMING ORGANIZATION NAME(S) AND ADDRES Y
Naval Medical Research Institute ;

Commanding Officer
8901 Wisconsin Avenue
Bethesda, Maryland 20889-5607

8. PERFORMING ORGANIZATION
REPORT NUMBER

NMRI 94-40

10. SPONSORING / MONITORING

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Naval Medical Research and Development Command

National Naval Medical Center
Building 1, Tower 12
8901 Wisconsin Avenue

Bethesda, Maryland 20889-5606

AGENCY REPORT NUMSER

DN244530

11, SUPPLEMENTARY NOTES
Reprinted from: Experimental Parasitology 1994;vol1.79 pp. 59-62

122. CISTRIBUTION / AVAILABILITY STATEMENT

12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited. _ Lacesston For
OTIS GRA&L
DTIC 748

&

O
g

| Unanncuiced

13. ABSTRACT (Maximum 2G0 worc's)

| Justilioat 1on___~1

| By

TN e b N 8 AN WPLOTED 3

Distribuiiont . |

[AvE L i ,"c}.r
Pint | ogpelcon
; I |
'ﬂ/ 3’ i
i Ll

14, SUBJECT TERMS

malaria, plasmodium falciparum; hepatic stages; exo erythrocytic

1S. NUMEER CF PAGES -
&

16. PRICE CODE

ICATION | 20. UMITATION OF AESTRACT

19. SECURITY CLASSIF

17. SECURITY CLASSIFICATICN | 1E, SECURITY CLASSIFICATION
OF ABSTRACT

OFf THIS PAGE

NN 75£0-01-280-5500

OF REPORY
Unclassified Unclassified Unclassified Unlimited
Seancarc Form 256 (Rev. 2-E€)
Semeriore & ANM 16 J08-%E

98022




EXPERIMENTAL PARASITOLOGY 79, 59-62 (1994)

RESEARCH BRIEF

Plasmodium falciparum: Exported Protein-1, a Blood Stage Antigen,
Is Expressed in Liver Stage Parasites

G. I. SANCHEZ.*'t W. O. ROGERS.* S. MELLOUK,*'t AND S. L. HOFFMAN*"'

*Malaria Program, Naval Medical Research Institute, Bethesda, Maryland 20889-5607. U.S.A.;
tPanAmerican Health Organization, Washington, District of Columbia 20037, U.S.A.; and tThe Center for
Vaccine Development, University of Maryland School of Medicine. Baltimore, Marviand 21201, U.S.A.

SANCHEZ. G. I., ROGERS. W. O.. MELLOUK. S., AND HOFFMAN. S. L. 1994. Plasmodium
falciparum: Exported protein-1, a blood stage antigen. is expressed in liver stage parasites.

Experimental Parasitoiogy 79, 59-62.

INDEX DESCRIPTORS: Plasmodium fulciparum: Exp-1: Liver stage protein.

After inoculation by Anopheles sp. mosquitoes,
Plasmodium falciparum sporozoites rapidly make
their way to the liver (Fairley 1947) where a single,
uninucieate sporozoite develops during a minimum of
5-6 days to a mature liver stage schizont with 1-3 x
10* uninucleate merozoites. There are no clinical or
pathological manifestations associated with this slage
of the parasite’s life cycle, and thus the parasite de-
veloping within the liver is an attractive target for vac-
cine-induced protective immune responses. Infected
hepatocytes are the target of protective immune re-
sponses induced by immunization with irradiated
sporozoites. sporozoites that develop only partially in
hepatocytes (Hoffman et al. 1989). However, so-called
erythrocytic stage'’ parasite proteins such as the P.
falciparum major merozoite protein-i (PfMSP-1) are
also expressed in infected hepatocytes (Szarfman ¢t
al. 1988a.b). As such, they also could be the targets of
cellular or humoral immune responses that prevent the
release of infectious merozoites from the liver. The
current studies were undertaken to determine whether
the erythrocytic stage P. falciparum exported protein
| (Exp-1) is expressed in infected hepatocytes.

Exp-1 (Simmons et al. 1987), also called circum-
sporozoite related antigen (Coppel er al. 1985), QF116
antigen (Kara er «l. 1988), or antigen 5.1 (Hope er al.
1984), is a 23-kDa P. falciparum blood stage protein
that is secreted by the parasite into the host cell. It
accumulates at the parasitophorous vacuo'e mem-
brane and within vesicles in the infected red cell cy-
toplasm (Simmons et al. 1987). It contains a sequence
of 15 amino acids with homology to the tandemly re-

Sequence data from this article have been deposited
with the GenBank database under Accession No.
L15631.

' To whom correspondence should be addressed.
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peated tetramers of the P. falciparum circumsporozo-
ite protein (PfCSP) (Hope e! al. 1985). The monoclonal
antibody (mAb), 5.1, that recognizes this epitope in
Exp-1 also reacts with sporozoites (Hope er al. 1985)
and prevents the invasion of sporozoites into human
hepatocytes (Mellouk er al. 1990). presumably by
binding to CSP on the sporozoite surface. This cross-
reaction has made it difficuit to determine whether
Exp-1 is itself expressed in infected hepatocytes. We
raised antisera against a recombinant Exp-1 which
does not contain the epitope cross-reactive with the
PfCSP and demonstrate expression of Exp-1 in in-
fected hepatocytes.

The complete coding sequence of Exp-1 was ampli-
fied from total RNA isolated by the guanidinium
method (Chirgwin er al. 1979) of the 3D7 clone of P.
falciparum strain NFS54 using the oligonucleotide
primers 5'-GGAATTCATGAAAATCTTATCAGTA-
3" and 5'-GGAATTCTTAGTGTTCAGGGCCACT-3'.
cloned into pUC 18 and sequenced (Sanger ¢7 al.
1977). The sequence is similar to previously published
Exp-1 sequences and includes the change of Asp 136
to Gly which abolishes the 5.1 epitope (Simmons et al.
1987). The amplified Exp-1 sequence was cloned into
the bactenal expression vector, pPGEMEX (Promega),
and expressed in Escherichia coli strain HMS174
(DE3) (Studier ef al. 1990). In this system. recombi-
nant protein is expressed as an insoluble fusion protein
with a 260 amino acid hydrophobic leader from phage
T7 gene 10. Recombinant Exp-1 (rExp-1) migrated at
its expected size. 50 kDa, in 10% SDS-PAGE and. in
immunoblotting, was recognized by the anti-Exp-|
mAb. mAbN1 (Gunther er al. 1991) (Fig. 1A),

The rExp-| protein was electrocluted from a poly-
acrylamide gel. In addition, the T7 hydrophobic leader
protein without the Exp-! insert was run on a poly-
acrylamide gel, and this protein and E. coli proteins
that migrated at the same size as rExp-1 were glectro-
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FiG. |. Western blot of electroeluted rExp-1 (A)
and recombinant PFCSP (B) electrophoresed on 107%
acrylamide SDS gels. The nitrocellulose strips were
probed with (a) mAbNIL. (¢) NFS1 mAb against
PECSP. (b, ) mouse antisera against rExp-1. (¢, g) sera
of one of the immunized volunteers before immuniza-
tion, and (d. h) sera of the same individual post immu-
nization with irradiated sporozoites.

eluted. Anti-rExp-1 and control sera were obtained by
immunizing BALB/c mice ip with S0-pg doses of cither
rExp-| or a mixture of the T7 hydrophobic leader pro-
tein and the control E. coli proteins that ran at the
same molecular weight as rExp-1. Proteins were emui-
sified in complete Freund's adjuvant (first dose) and in

*»
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incompiete Freund's adjuvant (second and third
doses).

Immunotluorescence assay (IFA) ot £. falciparum-
infected ervthrocvtes and fixed sporozoites was car-
vied out as described (Szarfman ¢ al. 1988a). For IFA
of in virro-infected hepatocytes. primary human hepa-
tocytes were obtained in accordance with institutional
review guidelines, processed, and intected with P. fal-
ciparum sporozoites as described (Rogers er al. 1992).
Cryosections prepared from a P. falciparum (clone
HB3)-infected chimpanzee liver biopsy that had been
kept at - 70°C since being obtained by Szarfman and
colleagues (Szarfman ef al. 1988a) were used in an IFA
to evaluate the in vivo expression of Exp-1 antigen.
The IFA was carried out as previously described (Mel-
louk ¢f af. 1990).

Control sera did not react with infected erythrocytes
or hepatocytes by immunofluorescence or with ex-
tracts of infected ervthrocvies by immunoblot (data
not shown). The anti-rExp-1 serum did not react with
recombinant PECSP. falc 2.3 (Bathurst er al. 1992) by
immunoblot (Fig. 1B. lane N, confirming that this se-
rum does not cross-react with the PfCSP. In immuno-
fluorescence, Exp-1 was not detected in sporozoites or
in in vitro-infected hepatocytes at 2 days postinfection.
However. Exp-1 was found in in virro-infected hepa-
tocytes at 4 and 6 days postinfection (results not

Fi1G. 2. Immunofluorescence assay on (a) 3D7 P. falciparum-infected red blood cells and (b) chim-
panzee liver biopsy 6 days postinfection with HB3 P. falciparum sporozoites. The slides were incu-
bated with anti-rExp-1 serum and goat anti-mouse Ig fluorescein-conjugated second antibody.
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TABLE 1
Expression of Exp-1 Antigen in Preerythrocytic and Erythrocytic Stages of P. fulciparum
Hepalic stage
(days)

Sporozoite 2k e 6" Blood stage

MAbNI - - + + +

Mouse anti-rPfExp-1 - - + + +

Mouse anti-rPfSSP2 + + - - ~

Note. Mice were immunized with rPfExp-1 or rPfSSP2. Recognition of sporozoites. liver stage parasites, and
infected erythrocytes in immunofluorescence assays are contrasted.
“ Days after infection with P. fulciparum sporozoites.

® In vitro P. fulciparum-infected human hepatocytes.

© In vivo chimpanzee liver biopsy, 6 days postinfection with P. fulciparum sporozoites.

shown). in red blood cells infected with P. fulciparum
clone 3D7 (Fig. 2a), and in a 6-days-postinfection
chimpanzee liver biopsy (Fig. 2b). We have used the
same system to express recombinant P. falciparum
sporozoite surface protein 2 (PfSSP2). Antibodies 10
rPfSSPZ recognize sporozoites and 2-day in virro-
infected hepatocytes. but do not recognize late liver
schizonts or infected erythrocytes (Rogers ¢f al. 1992)
(Table 1). Sporozoite expression of PfSSP2 mRNA
was demonstrated by reverse-transcriptase PCR (RT-
PCR) and of the protein by Western blot (Rogers ef al.
1992). The differential recognition of PfSSP2 and
PfExp-1 on IFA (Table 1) and the lack of recognition
of infected hepatocytes by sera induced by immuniza-
tion with control proteins strongly support our conten-
tion that PfExp-1 is expressed in late liver stages of P.
falciparum. These findings were substantiated by
studies with mAbN 1. This mAb reacts in Western blot
with a major band of the recombinant Exp-1 protein,
but does not recognize any protein in £. coli extracts.
In IFA assays this monoclonal antibody reacts on in-
fected hepatocytes, as does the anti-rPfExp-1 sera (Ta-
ble 1). These results show that PfExp-I. originally
characterized as a blood stage antigen. is also ex-
pressed in hepatic stages.

Since irradiated sporozoites undergo partial devel-
opment in hepatocytes (Mellouk et al. 1991), we won-
dered whether individuals immunized with irradiated
sporozoites develop antibodies against Exp-1. We
therefore immunoblotted rExp-1 or the recombinant
PfCSP, falc 2.3, with sera from three volunteers im-
munized with irradiated P. falciparum sporozoites
(Egan er al. 1993). Although the sera strongly reacted
with recombinant PfCSP (Fig. 1B, lanes g and h). none
of the sera recognized rExp-1 (Fig. 1A, lanes c and d),
suggesting that irradiated sporozoites do not develop
sufficiently in the hepatocytes to express Exp-1.

Exp-1 has been of considerable interest as a target
for malaria vaccine development. Phase I human trials
designed to induce protective antibodies against Exp- |

cxpressed in blood stage parasites have already been
conducted (Stiirchler er al. 1992). The expression of
Exp-1 in infected hepatocytes raises important ques-
tions regarding whether peptides from this protein ex-
pressed with HLA molecules on the surface of in-
fected hepatocytes are the targets of protective T cell
responses. T cells against the Plasmodium yoelii cir-
cumsporozoite protein can kill £. voelii- infected he-
patocytes (Weiss ef al. 1990). and work is now under-
way to determine whether T celis that recognize pep-
tides in Exp-1 can kill infected hepatocytes.
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