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The malaria parasite Plasmodium falciparuminduces a number of novel adhesion properties in the erythrocytes that it infects. One
of these properties, the ability of infected erythrocytes to bind uninfected erythrocytes to form rosettes, is associated with severe
malaria and may play a direct role in the pathogenesis of disease. Previous work has shown that erythrocytes deficient in
complement receptor (CR) 1 (CR1, CD35; C3b/C4b receptor) have greatly reduced rosetting capacity, indicating an essential role
for CR1 in rosette formation. Using deletion mutants and mAbs, we have localized the region of CR1 required for the formation
of P. falciparumrosettes to the area of long homologous repeat regions B and C that also acts as the binding site for the activated
complement component C3b. This result raises the possibility that C3b could be an intermediary in rosetting, bridging between
the infected erythrocyte and CR1. We were able to exclude this hypothesis, however, as parasites grown in C3-deficient human
serum formed rosettes normally. We have also shown in this report that rosettes can be reversed by mAb J3B11 that recognizes
the C3b binding site of CR1. This rosette-reversing activity was demonstrated in a range of laboratory-adapted parasite strains
and field isolates from Kenya and Malawi. Thus, we have mapped the region of CR1 required for rosetting and demonstrated that
the CR1-dependent rosetting mechanism occurs commonly iR. falciparumisolates, and could therefore be a potential target for
future therapeutic interventions to treat severe malaria. The Journal of Immunology,2000, 165: 6341—6346.

omplement receptor (CR)L (CR1, CD35, C3b/C4b re- ses and cofactor activity for factor | (1). CR1 is composed of a
ceptor) is an immune regulatory molecule that is ex- number of repeated domains called short consensus repeats (SCRs,
pressed on the surface of erythrocytes, some peripheradometimes known as complement control protein repeats), each of
blood leukocytes, glomerular podocytes, and follicular dendriticwhich is composed of-60 amino acids containing four invariant
cells (1). CR1 binds to the activated complement components C3bysteines and a number of other conserved residues (2). The ex-
and C4b, and thereby brings about a number of important functiongacellular domain of the most common allelic variant of CR1 is
including clearance of immune complexes from the circulation,composed of 30 SCRs, the first 28 of which are arranged in tandem
enhancement of phagocytosis, and regulation of complement agepeats in homologous groups of 7, with each group of 7 being
tivation by means of decay-accelerating activity for C3 converta-known as a long homologous repeat (LHR) (Ref. 3; see FA. 1
The binding sites on CR1 for its ligands C3b and C4b have been
mapped, with SCRs 8—-12 and SCRs 15-18 preferentially binding
] ] o o ] ~ to C3b and SCRs 1-4 preferentially binding to C4b (Refs. 3-5; see
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This study set out to further characterize the role of CR1 inuninfected erythrocytes constituting a rosette. The rosette frequency is the
rosetting by identifying the region of CR1 required for interaction percentage of mature (pigmented trophozoite) infected erythrocytes form-
with infected erythrocytes and by determining the requirement fof"9 fosettes.

CR1 in the rosetting oP. falciparumfield isolates. Rosette reversal by CR1 mAbs

; Parasite cultures were stained with g@/ml ethidium bromide as de-
Mate.nals and Methods scribed above and resuspended in binding medium at 2% hematocrit. mAbs
Deletion mutants, Abs, and reagents were added to 2@d aliquots of culture suspension to give a final concen-

The CR1 deletion mutants LHR-A, LHR-B, and LHR!Dwere produced tration of 1 ug/ml and 1O;Lg/r_nl and were incubated at 37°C for 30 min
from culture supernatants of transiently transfected COS-7 cells as de2efore assessment of rosetting. Isotype controls were tested at the same

scribed previously (9—-11). LHR-A comprises SCRs 1-7, LHR-B com- concentration. mAb J3B11 was also tested ag@iml, 0.5ug/ml and 100

prises SCRs 8-14, and LHR*Dcomprises SCRs 22-30 (FigAlL The ~ A@/ml.

first three SCRs of LHR-C (SCRs 15-17) were expresse®lichia pas- e .

toris (12) and C3b dimers were produced from human plasma C3 as del—nhlbltlon of rosette reformation by mAbs J3B11, 1B4, and 3D9
scribed elsewhere (11). Soluble recombinant CR1 (13) and mAb YZ-1The mAbs were added to 1Q@d-aliquots of R29 culture suspension at 2%
were obtained from D. Fearon (University of Cambridge, Cambridge,hematocrit to give a final concentration of uig/ml; then rosettes were
U.K.). The CR1 mAbs J3B11, J8B10, and J3D3 were as described previmechanically disrupted by passing the suspension 10 times through a 26-
ously (14); 1B4, 3D9, 7G8, 9H3, and HB8592 were obtained from R.gauge needle (17). A negative control culture with no additive and a culture
Taylor (University of Virginia School of Medicine, Charlottesville, VA); with 1 ug/ml IgG1 isotype control were treated in the same way. The
1F11.G12, 3C6.D11, and 6B1.H12 were obtained from T Cell Sciencegultures were incubated at 37°Crfb h to allow rosettes to reform, then
(Needham, MA); and E11 was purchased from Serotec (Oxford, U.K.).assessed for rosetting as described above.

Additional amounts of mAb J3B11 were also obtained from J. Cohen (Uni-

versity of Reims, Reims, France). The CD36-specific mAb OKM5 was alnhibition of rosette reformation by C3b dimers

gift from T. Mercolino (OrthoDiagnostic Systems, Raritan, NJ), isotype ) ) ) )
control mAbs were purchased from PharMingen (San Diego, CA) and rabC3b dimers were added to culture suspension at 2% hematocrit to give a

bit Ig (X0936) and rabbit polyclonal Ab to human IgA/G/M (A1090) were final concentration of 100, 10, and;_;:g/ml, then mechanically disrupted,
purchased from Dako (Carpinteria, CA). incubated, and assessed for rosetting as above.

Parasites and parasite culture Rosetting in C3-deficient serum

The P. falciparumrosetting laboratory strains used were clone R29 (15), Serum from a patient genetically deficient in C3 was obtained from Mark
clone PAR’® (16), and lines TM180 and TM284 (17). Rosetting in these Walport (Imperial College, London, U.K.). Parasites were grown for one
parasite strains is 40—80% of infected erythrocytes in rosettes and is stabftll cycle (from mature trophozoite stage through to mature trophozoite
within a given cycle, but varies from one cycle to the next. Parasites wer&tage in the next cycle) in complete RPMI 1640 containing 10% C3-defi-
cultured in group O human erythrocytes in RPMI 1640 medium with so- cient serum or 10% normal human serum, and rosetting was assessed as
dium bicarbonate (Life Technologies, Rockville, MD) supplemented with described above.

2 mM L-glutamine, 25 mM HEPES, 20 mM-glucose, 25ug/ml genta- .
micin, and 10% normal human serum (pooled from at least four donors)R0Sette reversal by mAbs and polyclonal Abs in laboratory

and gassed with a mixture of 96% nitrogen, 3% carbon dioxide, and 1%strains and field isolates
oxygen. Parasites were selected once a week by sedimentation in gelatin

maintain the rosetting phenotype (18) and were synchronized once a we ; : -
. - 1 : . : compared with that in a control culture with no added Ab. The CD36 mAb
by sorbitol lysis (19). Field isolates from malaria patients in Kenya andOKMS and an isotype control were tested at Ag/ml, a concentration

Malawi were collected as described previously (7) and cultured in supple- h g A L
mented RPMI 1640 as above except that 10% pooled human AB seru hown prevmqsly to abolish rosetting in the parasite line Malayan Camp
was used to avoid ABO incompatibility. Isolates were grown for at least .0)'. The rabbit polyclonf_:ll Abs to .h““.“a” IgA/IgG/IgM were test_ed at 1/50
16 h in vitro and maturity assessed by Giemsa-stained thin films. Onl)ﬂ'luuon. and compared with rosetting in the presence of an equivalent con-
those isolates in which the majority of parasites matured into pigmente entration of Ig derived f_rom normal rabb_lt serum (1/109 d||_ut|on). The
trophozoites and had a rosette frequency-aD% infected erythrocytes in  |ALer control was not available for the testing of Kenyan field isolates. Al
rosettes were used in Kenya and>e5% infected erythrocytes in rosettes incubations W!th Ab were for 30 min at 3.7 °C, and assessment of rosetting
was as described above. Malawi experiments were conducted by S.J.R.,

were used in Malawi. who was supplied with blinded J3B11 and IgG1 isotype control.

B11 and an isotype control were tested gidiml, and rosetting was

Rosette reversal by CR1 deletion mutants

Parasitised cells were stained with 28/ml ethidium bromide for 5 min at Results .
37°C, washed twice with incomplete RPMI 1640 (supplemented as abovi0sette reversal by CR1 deletion mutants

but without serum), and resuspended at 4% hematocrit in binding mediurgq |ocalize the region of CR1 required fBr falciparumrosetting

(RPMI 1640 medium without sodium bicarbonate, supplemented as above e . .
but with 10% pooled human serum that had been heat-inactivated at 56°¢/€ tested the ab'“t.y of soluple CR1 deletion mutants (F#y. tb .
for 30 min). Ten microliters of each LHR CR1 deletion mutant was addedreéverse rosettes with parasite clone R29. A soluble CR1 recombi-

to a 10ul aliquot of culture suspension to give a final concentration of 50 nant protein consisting of the entire extracellular domain of CR1-
pg/ml deletion mutant{1 pM) and then incubated fol h at37°C and  reversed rosetting (FigB), as had been shown previously (8), and

assessed for rosetting as described below. The negative control culture was - ot _ -
incubated with 1Qul of COS-7 cell culture supernatant from mock-trans- &deletion mutant consisting of LHR-B also reversed rosetting to

fected cells, and the positive control culture was incubated witpgnl ~ —~20% of the control value (Fig.B, control mean rosette fre-
soluble CR1 {-250 nM), which had been shown previously to cause 50% quency, 46.5% (SE, 1.4); LHR-B mean rosette frequency, 24.0%
inhibition of rosetting in clone R29 (8). SCRs 15-17 were tested at 50(SE, 1.8),p < 0.001, Student's test). No statistically significant
rg/mland SOQJ,g/mI as described above1 and rosett_ing was compared Wi”}eversal of rosetting was seen with LHR-A or LHR:JFig. 1B).

a control culture with no added recombinant protein. The entire domain of LHR-C was not tested, however, we did test
Assessment of rosetting a recombinant protein comprising the first three SCRs of LHR-C

Ten microliters of culture suspension, prestained with ethidium bromide a§SCRS 15-17). This region includes the C3b binding site and is
described above, was placed on a clean glass slide and covered with\drtually identical (three-amino acid differences) to the first three

22-mmX 22-mm coverslip. Slides were blinded before counting and thenSCRs of LHR-B (SCRs 8-10). The recombinant protein SCRs
were viewed on an epifluorescence microscope using a combination of5_17 glso significantly reversed rosetting compared with the con-

fluorescence and bright field. The illumination was adjusted so that bot - o
ethidium bromide-stained infected erythrocytes and unstained uninfecte ol culture (Fig. I, control mean rosette frequency, 60.1% (SE,

erythrocytes could be viewed simultaneously. At least 200 infected cell®-7); SCRs 15-17 (50fig/ml) mean rosette frequency, 36% (SE,
were counted and assessed for rosetting, with the binding of two or mor&.6), p < 0.01 Student'st test; SCRs 15-17 (5@.g/ml) mean
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the presence of multiple C3b binding sites in the full-length
protein.

Rosette reversal by mAbs to CR1

A . L . ; TMCYT Further elucidation of the region of CR1 required Rorfalciparum
LHR-A LHR-B LHR-C LHR-D  pgjetion mutant rosetting came from studies of rosette reversal by mAbs to CR1.
LHR-A The epitopes recognized by the various mAbs have been mapped

gg)%-sB1 5-17 to particular SCRs within CR1 (Table I; data from Ref. 9). Most of
LHR-D+ the mAbs bind at several locations due to the repetitive nature of
L LT 77 Soluble CR1 CR1. In most cases, it is not known whether the mAbs that group

B together have identical activities, because the fine specificity of
their epitopes has not been determined; therefore, all mAbs in Ta-
ble | were tested independently. Each Ab was tested at 1 and 10
ng/ml for its ability to reverse rosetting in clone R29 and com-
pared with isotype control mAbs and control cultures with no
added Ab. J3B11 was the only mAb to reverse rosetting (Table I),
giving maximum reversal at g/ml (Fig. 2A, control mean rosette
frequency, 55.5% (SE, 6.7), J3B11 (lg/ml) mean rosette fre-
quency, 20.4% (SE, 4.6, < 0.01, Student's test). Higher con-
centrations of J3B11 (10 and 1Q@/ml) caused microscopic ag-

C glutination of erythrocytes in some experiments; therefore, rosette

Control
Soiuble CR1

10 20 30 40 50 60
Rosette frequency (%)

70

Control reversal at these concentrations was not studied further. Aggluti-
nation was not seen with any other Ab or reagent tested in this
Soluble CR1 study. The epitope recognized by J3B11 has been mapped to SCRs
SC@ong?n_\P : 3, 10, and 17 (Fig. A), and this mAb is known to inhibit the

rosetting of C3b-coated erythrocytes to CR1 on lymphocytes (14).

T T T r T T Two other mAbs, 1B4 and 3D9, also map to the C3b binding site

10 20 30 40 50 60 70 on CR1 (9) and block C3b-mediated rosetting (21). We considered

Rosette frequency (%) the possibility that these mAbs may have been ineffective at re-

) ) ) versing rosettes due to a lower affinity for CR1 than J3B11, or due
FIGURE 1. Reversal ofP. falciparumrosetting by CR1 deletion mu- : . . .

to their epitopes being masked when infected erythrocytes are

tants. A, A schematic diagram of the commonest allelic variant of CR1 b d1to CR1 i tt We theref ducted It ti
showing the positions of the deletion mutants. Each SCR domain is rep- ound 1o In roseties. Ve therelore conducted an afternative

resented by a circle, and the arrangement of SCRs in homologous grou$Say in which rosettes were mechanically disrupted in the pres-
of seven to form LHRs is shown. TM is the transmembrane region, CyTe€Nnce of the mAbs to allow access of the Ab to CR1 and then

is the cytoplasmic tail, and the preferential binding sites for C3b and C4bassessed inhibition of the reformation of rosettes (the rosettes re-
are indicated by dark stippled boxes. The epitopes recognized by the CRfbrm spontaneously after such mechanical disruption). It was
mAb J3B11 (SCRs 3, 10, and 17) are indicated by arrowhdad®osette  found that mAbs 1B4 and 3D9 gave similar rates of inhibition to
reversal by 50ug/ml CR1 deletion mutants and soluble CR1 in parasite J3B11 when tested for their ability to inhibit rosette reformation
clone R29. The control culture was incubated with culture supernatant fronyfiar rosettes had been mechanically disrupted (FBY. Phe dif-
mock-transfected COS-7 cellS, Rosette reversal by SCRs 15-17 (50 and g e nceg hetween the activities of these Abs may therefore reflect

500 ng/ml) and soluble CR1 (5p.g/ml). The control was a culture with no . . . ) e
added recombinant protein. The values given are means and SE of rosetttllr_lée precise epitope recognized by each mAb (the fine specificity of

frequency from four independent experiments in #ndC. Values that eir epitopes is not known, and it is unknown whether these mAbs

are statistically significantly different from the control value using Stu- Cr0Ss-inhibit egch other) or may simply reflect differing affinities
dent'st test are asterisked:,(p < 0.05; %, p < 0.01;%#%, p < 0.001). for CR1. In a single experiment, the other mAbs in Table | were

also assessed for their ability to inhibit rosette reformation in clone
R29. No inhibition was seen with any of the other mAbs.

SCRs 15-17
500 pg/ml

—_— %o

rosette frequency, 39.0% (SE, 7.5),< 0.05, Student's test).
These data suggest that the region of CR1 that interacts with in
fected erythrocytes to form rosettes is in LHR-B and LHR-C andBecause the inhibition of the rosette reformation assay appeared to
includes the first three SCRs of LHR-C (the C3b binding site). Onbe more sensitive than the rosette reversal assay, we used the
a molar basis, the full-length soluble CR1 reversed rosettes morformer to examine the ability of C3b dimers to inhibit rosette ref-
effectively than LHR-B and SCRs 15-17, presumably reflectingormation in clone R29. Consistent with the other data, rosetting

Inhibition of rosette reformation by C3b dimers

Table |. Epitopes of CR1 mABsnd their effect on rosetting in parasite clone R29

mAb Epitope (SCR no.) Rosette RevePsal
1B4, 3D9, J3B11 3,10, 17 Yes (J3B11)
J8B10, J3D3, 7G9, 9H3, YZ1 5-7,12-14, 19-21 No
E11, HB8592 5-7, 12-14, 19-21, 26-28 No
1F11.G12 5-7,12-14 No
3C6.D11, 6B1.H12 22-30 No

2Data from Ref. 9.
> mAbs were tested at 1 and 1@/ml for their ability to reverse rosetting (see text for details). Each mAb was tested in at
least three independent experiments.
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rum and compared rosetting to control cultures in RPMI 1640 with
10% normal human serum. Parasites in C3-deficient serum in-
vaded erythrocytes as efficiently as the control cultures (data not
shown) and were morphologically normal. Rosetting in C3-defi-
cient serum was the same as that seen in the control cultures (Table
1), indicating that C3b is not required fé?. falciparumrosetting.

A Reversal of rosetting

The role of CR1 in rosetting in other laboratory strains and
field isolates

o 10 20 30 40 500 The above experiments with parasite clone R29 show that approx-
Rosette frequency (%) imately half to two-thirds of the rosettes are inhibited by CR1
B Inhibition of rosette reformation mAbs and deletion mutants. Clearly other erythrocyte molecules
may also contribute to rosetting in this parasite, and other candi-
date receptors that have been identified include CD36 (20), ABO
blood group oligosaccharides (17), and heparan sulfate-like mol-
ecules (22). Serum factors such as Igs in normal human serum also
play a role in rosetting in some parasite lines (23-25), possibly by
stabilizing the interaction between the infected and uninfected
erythrocytes (25). The extent to which these various rosetting
5 o 2o e Pr— mechanisms operate in different parasite isolates is not Wel! un-
Rosette frequency (%) derstood. Therefore, we set out to study the role of CR1-mediated
rosetting in a range of laboratory strains and natural parasite pop-
FIGURE 2. Reversal and inhibition of. falciparumrosetting by CR1  j|ations. We tested the ability of the CR1 mAb J3B11 to reverse
mAbs.A, Rosette reversal by 1, 0.5, and @.4/ml mAb J3B11 in parasite  ssettes in various isolates, and, in some experiments, we also
clone R29. Values shown are mean rosette frequency and SE from fOLgtudied the effect of mAb OKMS5 that reverses CD36-mediated

independent experimentB, Inhibition of rosette reformation in clone R29 . . .
by 1 xu g/ml mAbs 1B4, 3D9, and J3B11. Rosettes were mechanicallyrosettmg (20) and the effect of a rabbit polyclonal antihuman Ig

disrupted and then allowed to reform in the presence of Ab. The valuedeagent. In three of four laboratory strains (including R29), rosettes
shown are the mean rosette frequency and SE from three independent e¥€re reversed by J3B11, none were reversed by the CD36 mAb
periments. For bott and B, control is a culture with no added Ab and OKMS5, and three of four were reversed by the anti-Ig Abs (Fig.
IgG1 is an isotype control mAb at &g/ml. Values that are statistically ~4A), including clone PAR which has been shown previously to be
significantly different to the no Ab control value using Studentisst are  highly dependent on IgM for the formation of rosettes (23, 24). In
asterisked{+, p < 0.01; %, p < 0.001). 14 of 15 Kenyan field isolates, rosetting was reduced %% of

the control value in the presence of J3B11, and in several of these

inhibited b % in th ‘ mi isolates rosetting was virtually abolished (Fig)4The antihuman
was inhibited by~509% in the presence of 1Qog/ml (~300 nM) IgA/IgG/IgM polyclonal Ab also reversed rosetting in many of

of C3b dimer (Fig. 3). Taken together, the re_sul_ts from the deleti_orlhese isolates, although to a lesser extent than J3B11 B)ghé
mutants, the_ mADs, and t_he C3b dlme_rs allindicate that the_reg'oposette reversal occurred with the CD36 mAb, confirming that
prRl requwed folP. faIuparumrosettln_g maps'to the C3b bind- CD36 only rarely plays a role in rosetting (26). In the Malawi
|ngdS|te in LHR-B and LHR-C, and particularly involves SCRs 10 isolates, in 5 of 10 isolates, rosettes were reversed by J3B11 (other
and 17. Abs not tested) (Fig.B). These data show that CR1 is important
Requirement for C3b in rosetting in rosetting in the majority of field isolates and confirm that Igs

) ) ) ] ) also have a role to play in many isolates.
One interpretation of the above data is that rosetting might occur

by C3b bridging between the infected erythrocyte and CR1. TODiscussion
examine this hypothesis, we grew parasites R29, TM180, an
PAR™ in complete RPMI 1640 containing 10% C3-deficient se

% this report, we have further characterized the interaction be-
tweenP. falciparuminfected erythrocytes and CR1 on uninfected
erythrocytes that leads to the formation of rosettes. Taken together,
the results from the deletion mutants, the mAbs, and the C3b
dimers all indicate that the region of CR1 required for rosetting
with parasite clone R29 maps to the C3b binding site of CR1 in

Inhibition of rosette reformation

Control
LHR-B and LHR-C, and particularly involves SCRs 10 and 17.
CSE 100 These results raise the interesting question of whether the activated
dimers 10 complement component C3b could be involved in the formation of
(ng/mi)

10 20 30 40 50 60

Rosette frequency (%) Table Il. Rosetting in C3-deficient human serum

FIGURE 3. Inhibition of P. falciparumrosetting by C3b dimers. Ro-

. . . Parasite Normal Human Serum (%) C3-Deficient Serum (%)
settes were mechanically disrupted and then allowed to reform in the pres-
ence of 1, 10, and 10pg/ml of C3b dimers. The values shown are the R29 73 70
mean rosette frequency and SE from three independent experiments with TM180 61 61
clone R29. Control is a culture with no additive. Values that are statistically  PAR+ 44 50
significantly different to the control value using Studeritiest are aster- a Percentage of mature infected erythrocytes in rosettes. Values are from a single

isked ¢, p < 0.05; #*, p < 0.01). experiment.
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A Laboratory strains ple_ment control proteins, such as t_he Dr-like AgsEsicherichia _
= Rosettes coli that adher_e _to decay-acceleratlng factor (36), anq measles Vi-
> O (% of control) rus hemagglutinin that binds to CD46 (37). To determine which of
- - 2 % E, [ 75-100 these strategies has been adopte bfalciparum we studied the
Stain @ é".;; {1,3, S 3 = requir_e(nent for C3b in rosetting by growing parasites_in medium
Ro9 i‘l_ﬁ— o & <« 2 50-74 containing C3-deficient human serum. In three parasite lines, ro-
PAR+ w BB 25-49 setting in the C3-deficient serum was indistinguishable from that in
TM180 L Ml o024 normal serum, indicating that C3b is not required for the formation
TM284 i b of rosettes and suggesting that PfEMP1 binds directly to CR1 and
acts as a C3b mimetic. There is no apparent sequence homology
B Kenyan field isolates C Malawian field between PfEMP1 and C3b; however, PFEMP1 does contain re-
s isolates gions with a preponderance of acidic amino acids, which have
3 been shown to be crucial in the interaction between C3b and CR1
- - 2 0 E; - - (38). Additional experiments are underway to localize more pre-
Isolate Zé) é c'é’ g :,'_: Isolate <‘5 é ci§ely the region of PfEM.Pl .that interacts with CR1 anq to deter-
- = = 2 5 mine whether such a region is well-conserved among different ro-
%%?533 m;ggg ﬁ setting parasite isolates_.
Ros105 MP1297 Our results also confirm the reports of others (23—-25) that Igs
g%i%o mg:ggg found in normal human serum are required for rosetting, as roset-
3842 MP1311 ting was inhibited by polyclonal Abs to human Igs in 3 of 4 lab-
328‘7‘ m;}ggg oratory strains and 11 of 15 field isolates. It is unclear whether the
3858 MP1364 requirement for Ig is linked in any way to the CR1-dependent
3861 MP1370 rosetting mechanism. One hypothesis that would combine the two
gggg phenomena is that binding of a natural Ab to the surface of in-
3809 fected erythrocytes (possibly to PfEMP1) leads to complement ac-
gggg tivation and the deposition of C3b on the infected erythrocyte sur-

face, which then contributes to rosetting by binding to CR1.
However, as described above, in this report we have excluded a

rg/ml), OKM5 (anti-CD36 mAb, 1Q.g/ml), and antihuman IgA/IgG/IgM role_ for C3b I.n. I’.OS(.?ttlng, .and Cum.ant data also mdlcate.that Ig of
. A . defined specificity is not involved in the rosette-enhancing effect.
(rabbit polyclonal Ab, 1/50 dilution) in parasite clones R29 and PARd diff | | 1aM . derived
lines TM180 and TM284. Rosetting is shown as the percentage of a contrdln one rgport, t‘_NO : erent. m(,)noc onal lg .prepgratlons erve
culture with no added Ab, and the values represent the means of at leai0m patients W'th Waldenstms.macroglobullnemla were able to
three experiments. IgG1-1 is an isotype control atgfml, IgG1-10is an  SUpport rosetting (23), suggesting that the effect of Ig is not due to
isotype control at 1Gug/ml, and rabbit Ig is nonimmune rabbit Ig at /100 recognition of a particular Ag, but occurs through a nonspecific
dilution. B, Rosette reversal by J3B11 fdg/ml), OKM5 (10 ug/ml), an- aggregating effect.
tihuman IgA/IgG/IgM (1/50 dilution), and controls (as above) in field iso-  Despite the apparent heterogeneity in rosetting mechanisms de-
lates from malaria patients in Kilifi, Kenya. Values are from a single ex- gcribed to date (8, 17, 20, 22, 23-25), the data described in this
periment, because the majority of field isolates will not grow in continuousreport indicate a CR1-dependent mechanism of rosetting that oc-
culturg o allow repeated experime nts_. Rosette reversal b.y J3E.’ll ar_‘d curs commonly and could, therefore, be a target for rosette-revers-
IgG1 isotype control at Jug/ml in field isolates from malaria patients in . . . . .
. . . ing therapies to treat severe malaria. The mapping studies, how-
Blantyre, Malawi. Values are from a single experiment. . . . L
ever, indicate that the region of CR1 required for rosetting includes
the C3b binding site, and the only effective rosette reversing mAb,
P. falciparumrosettes. It has been shown previously that the par-J3B11, is known to inhibit binding of C3b to CR1 (14). Therefore,
asite-rosetting ligand in the R29 clone is a member of the PfEMP&lthough interventions aimed at inhibiting CR1-dependent roset-
family (8), a parasite protein that is expressed on the surface ding may be feasible, they could have the dual effect of interfering
infected erythrocytes. Heterologous expression in COS-7 cells afvith other CR1 functions such as phagocytosis and clearance of
the N-terminal domain of the PfEMP1 variant from clone R29 wasimmune complexes (1). Due to the intricate host-parasite interac-
shown to mediate binding to erythrocytes in a CR1-dependentions seen in malaria infection, such intervention could have harm-
fashion (8). The above mapping data suggest either that by coirful as well as beneficial effects and clearly should not be embarked
cidence PfEMP1 binds to the same region of CR1 as C3b, orupon without considerable forethought and further research.
alternatively, that the binding of infected erythrocytes to CR1 oc-
curs via C3b “bridging” between PfEMP1 and CR1. Two papers inAcknowIedgments
the literature suggest that C_:3b is_found on the surface of infectegye are grateful to Dennis Hourcade for helpful discussions and to Doug
erythrocytes grown in vitro in nonimmune human serum (27, 28),Fearon, Ron Taylor, Jacques Cohen, and Mark Walport for Abs and re-
although there is nothing in these reports to suggest that this phegents. This article is published with the permission of the Director of
nomenon is linked to rosetting. Many pathogenic microorganismd<enya Medical Research Institute.
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