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USE OF THE o CHAIN OF BRAIN SPECTRIN
AND FRAGMENTS THEREOF, FOR
DIAGNOSING CEREBRAL DISEASES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present applicationisa 35U.S.C. §371 National Stage
patent application of International patent application PCT/
1B2007/001679, filed on Mar. 30, 2007, which claims priority
to European patent application EP 06290503.9, filed on Mar.
30, 2006.

The present invention relates to the fields of cerebral dis-
eases and of malaria control. More particularly, the invention
concerns a method for performing an in vitro prognosis and/
or diagnosis of cerebral malaria, in order to quickly provide
an appropriate treatment to a patient in need thereof.

Malaria remains one of the leading causes of death in most
of sub-Saharian Africa, and mortality rates are particularly
high for children under the age of five years, pregnant women
and immunodeficient individuals (1). Fatal outcome occurs
nearly exclusively in patients infected with Plasmodium fal-
ciparum who progress to severe malaria (1, 2). Severe anemia
and cerebral malaria (CM) are the most prevalent types of
severe P, falciparum malaria, and CM displays the more acute
clinical spectrum. Patients who develop CM present with a
range of acute neurological manifestation and the pathology
is characterized by a diffuse encephalopathy, alteration in
levels of consciousness, deep coma and seizure preceding
death (2, 3). At present, the pathological events leading to
fatal malaria in humans are not well characterized. Gaining an
understanding of the mechanisms involved is a major chal-
lenge, as it will be crucial to the development of new preven-
tive or curative therapies and/or vaccines, and it might lead to
defining prognostic markers.

In CM, the sequestration of mature P. falciparum-infected
red blood cells to the cerebral endothelium is clearly a central
event in the pathogenesis. One of the factors thought to influ-
ence clinical outcome is the fine balance between the pro- and
anti-inflammatory cytokines produced during the infection
and that modulate parasite-induced immune responses (4, 5).
Pro-inflammatory cytokines, such as interferony (IFNy) and
tumor necrosis factor o. (TNF¢.), are known to play an impor-
tant role in CM physiopathology. These molecules induce
changes in cerebral endothelial cells leading to the surface
expression of adhesion molecules, such as ICAM-1, CD36,
and thrombospondin-related protein, and parasite adhesion
(6, 7). However, IFNy and TNFa have also been reported to
protect against malaria (8-10). The involvement of anti-in-
flammatory cytokines in malaria remains a matter of debate
and several studies in humans have reported associations
between high concentrations of 1L-10 and either severe
malaria or protection (5, 11-14).

Ithas recently been shown that production of autoantibod-
ies to brain voltage-gated calcium channels, but not other ion
calcium channels, increased with severity of P. falciparum
infection in Kenyan children (15). Antibodies to central ner-
vous system proteins have been associated with seizure and
epilepsies in several autoimmune diseases and are thought to
play arole in the pathology (16). Hypergammaglobulinemia
and polyclonal B-cell activation commonly occur in Plasno-
dium sp. infections (17-19). Some of the antibodies produced
recognize self-components from various tissues and organs,
such as erythrocytes, lymphocytes, nucleic acid structures,
cytoskeleton, smooth muscle, heart and thyroid (20-28). Evi-
dence is accumulating that high levels of antibodies against
phospholipid (PL), cardiolipin (CL), ssDNA, dsDNA, and
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rheumatoid factor are correlated with disease severity in P,
falciparum-infected patients (22, 25, 29-31), and Coombs’
anti-globulin test is positive in P. falciparum-infected indi-
viduals suffering from severe anemia (32-35). It is unclear
whether self-reactive antibodies play a role in protective
immunity against blood-stage parasites (36-38). Moreover, it
is not known whether the presence of these autoantibodies is
aconsequence of the infection or whether it contributes to the
events leading to severe malaria, including the development
of neurological complications linked to P, falciparum cere-
bral malaria. In addition, it remains unclear whether IFNy,
TNFo and IL-10 regulate the self-reactive antibody response
during malaria. Self-reactive antibody response in primary
biliary cirrhosis (39) is regulated by the three cytokines men-
tioned above.

In that context, the inventors have investigated several
parameters, amongst which the presence of autoantibodies
directed against brain tissues in P falciparum malaria, in
order to identify relevant markers for diagnosing cerebral
malaria. To that aim, and as described in detail in the experi-
mental part below, they recruited three groups of patients
attending the Owendo Pediatric Hospital and Libreville Hos-
pital Center in Gabon according to their clinical status at
admission: uncomplicated malaria (UM), severe non-cere-
bral malaria (SNCM) or cerebral malaria (CM). Using sera
collected from these patients, they combined a quantitative
immunoblot (PANAMA-blot) method facilitating the com-
parison of thousands of antigens simultaneously (40, 41) with
multivariate analyses to compare the repertoire of IgG reac-
tivities to human brain antigens developed in the sera of
controls and P, falciparum-infected patient groups. They fur-
ther investigated whether levels of circulating TNFa., IFNy
and IL-10in these groups of patients were associated with the
repertoire of IgG reactivities and disease phenotype.

The inventors have demonstrated the presence of high level
of autoantibodies largely directed against the o chain of non-
erythroid spectrin (also called fodrin) in P falciparum
malaria. The results disclosed in the experimental part below
show that there is a relationship between the autoantibody
level and the clinical symptoms, and that self-reactive anti-
bodies are associated to the development of cerebral malaria,
especially when associated with high circulating TNFa con-
centration. More specifically, the inventors have demon-
strated that the self-reactive antibodies present at a high level
in cerebral malaria patients are predominantly directed
against the central and/or the C-terminal parts of the achain of
non-erythroid spectrin. In what follows, the “central part of
the o chain of non-erythroid spectrin”is defined as the part of
the protein spanning from approximately the amino acid 1139
to the amino acid 1498, and the “C-terminal part of the o
chain of non-erythroid spectrin” encompasses the residues
1499 to 2472 of the protein.

Besides, non-erythroid spectrin is released in the cere-
brospinal fluid of patients suffering from severe brain injury,
such as cerebral malaria.

The present invention hence pertains to the use of antibod-
ies specific for the o chain of non-erythroid spectrin, as a
prognostic and/or diagnostic marker of cerebral malaria.
Antibodies specific for the central part and/or the C-terminal
part of the @ chain of non-erythroid spectrin, for example
antibodies which recognize an epitope present on a polypep-
tide selected amongst the polypeptides of SEQ ID Nos: 45
and 14-29 described below, will preferably be used according
to the present invention. These markers are the first seric
markers described for prognosticating and/or diagnosing
cerebral malaria.
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The o chain of non-erythroid spectrin or spectrin break-
down products can also be detected in the cerebrospinal fluid
of patients suffering from cerebral malaria, taking advantage
of the fact that the cerebrospinal fluid is systematically col-
lected in malaria patients with in a coma state, for the diag-
nosis of meningitis. These degradation products are polypep-
tidic fragments of the o chain of non-erythroid spectrin. In
particular, fragments comprising antigenic sequences such as
those of SEQ ID Nos: 1 to 29 and 45 and more specifically,
those selected amongst SEQ ID No: 45 and SEQ ID Nos: 14
to 29, can be sought, for example through an immunoassay,
for prognosticating and/or diagnosing cerebral malaria.

The present invention also concerns a method for in vitro
prognosticating and/or diagnosing cerebral malaria, which
comprises a step of detecting non-erythroid spectrin or frag-
ments thereof, and/or antibodies directed against non-eryth-
roid spectrin, in a biological sample.

Non-erythroid spectrin is a major component of the cytosk-
eleton of most eukaryotic cells. It forms heterodimers com-
posed of e and p subunits. Erythroid spectrin is expressed in
erythrocytes. Importantly, the alpha chain of erythroid spec-
trin is very different from the alpha chain of non-erythroid
spectrin found in the brain. Hence, in a preferred embodiment
of the above method, the level of antibodies directed against
the o chain of non-erythroid spectrin is measured. According
to a more preferred embodiment, the level of antibodies
directed against the central part and/or the C-terminal part of
the o chain of non-erythroid spectrin is measured. In the
method according to the present invention, a high level of
auto-antibodies specifically recognizing non-erythroid spec-
trin, especially its central and/or C-terminal part, is indicative
of cerebral malaria.

A preferred embodiment of the present method further
comprises a step of measuring the concentration of TNFa in
a biological sample. Indeed, the inventors found that plasma
TNFa concentrations are clearly higher in patients develop-
ing severe malaria than in those developing uncomplicated
malaria. TNFa. is known for mediating inflammation during
CM. Furthermore, as shown in the experiment part below, the
inventors observed that the CM patients with the highest
TNFa plasma concentrations (>100 pg/ml) presented the
highest level of reactivity with brain antigens. The level of
anti-fodrin antibodies and the TNFa concentration in the
serum can hence advantageously be combined to obtain a
score for efficiently establishing a prognosis and/or an early
diagnosis of cerebral malaria.

The antibodies which are detected in the method according
to the invention are preferably G immunoglobulins (IgG).

The skilled artisan can choose any known technique to
perform the above-described method. In particular, the anti-
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bodies directed against the ¢ chain of non-erythroid spectrin
can be detected and/or quantitated by performing any kind of
immunoassay, such as, for example, an enzyme-linked immu-
nosorbent assay (ELISA), a flow cytometry immunoassay or
an immunochromatographic assay.

An example of ELISA-type imnunoassay that can advan-
tageously be used to perform the invention is the Bio-Plex
system (Bio-Rad). This system enables multiplexing of theo-
retically up to 100 different assays within a single sample.
Each assay is performed on the surface of a 5.5 um polysty-
rene bead. The beads are filled with different ratios of two
different fluorescent dyes, resulting in an array of 100 distinct
spectral addresses. Each set of beads can be conjugated with
a different capture molecule. For example, each bead with a
specific fluorescence is conjugated with a specific antigenic
peptide. The conjugated beads can then be mixed and incu-
bated with the sample in a microplate well to react with
specific antibodies. Captured antibodies, specific for deter-
mined epitopes, can then be simultaneously quantitated by
flow cytometry.

In a preferred embodiment, the methods disclosed herein
are adapted to be run with a limited instrumentation, and in
conditions which are not optimal for the conservation of
reagents. For these reasons, immunochromatographic assays,
such as lateral flow test strip or dipstick, can advantageously
be used to perform the present methods.

One or several molecules can be used as capture molecules
in the immunoassays for performing the above methods.
Among those, the following can be cited: the whole non-
erythroid spectrin, the o chain of non-erythroid spectrin and
fragments thereof, as well as antigenic molecules derived
from the a chain of non-erythroid spectrin. By “antigenic
molecules derived from the o chain of non-erythroid spec-
trin” is meant an antigenic fragment of the o chain of the
fodrin, but also any kind of molecule presenting an epitope of
said antigen, such as an optimized polypeptide retaining the
epitope sequence but having some mutations in the residues
adjacent to said epitope, provided the epitope presentation is
retained.

The capture molecules used according to the invention are
preferably specific for the o chain of non-erythroid spectrin.
Examples of antigenic molecules which are specific for the o
chain of non-erythroid spectrin are the polypeptides of SEQ
ID Nos: 1 to 29, disclosed in Table 1 below. Of these, SEQ ID
No: 45 and SEQ ID Nos: 14 to 20 from the central part of the
protein, and SEQ ID Nos: 15 to 29 are from its C-terminal
part. Examples of antigenic molecules which cross react with
antibodies directed against both erythroid and non-erythroid
spectrins are the polypeptides of SEQ 1D Nos: 30 to 44,
disclosed in Table 2 below.

TABLE 1

examples of antigenic peptides specific for the a chain of
non-erythroid spectrin. The numbers indicate the N and C-terminal
positions of the peptideg in the o chain of non-eryvthroid spectrin.

SEQ ID No SEQUENCE

1 56- LEKWIQEKLQIASDENYKDP-75

2 94 - ANSGAIVKLDETGNLMISEGHFASETI-120

3 195- TDMAAHEERVNEVNQFAAKLIQEQHPEEELIKTKQD-231
4 276-QLMASDDFGRDLASVQALLRKHEGL-300

5 318-ADRLQOSHPLSATQIQVKREELITN-342

6 416-SFKSADESGQALLAAGHYAS-435
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TABLE 1-continued

examples of antigenic peptides specific for the a chain of
non-erythroid spectrin. The numbers indicate the N and C-terminal
positionsg of the peptides in the a chain of non-erythroid spectrin.

SEQ ID No SEQUENCE

7

10

11

12

13

45

14

15

17

18

19

20

21

22

23

24

25

27

28

29

436 -NNHYAMEDVATRRDALLSR-454

597 -TDEAYKDPSNLQGKVQKHQAFEA-619

635-G QKLIDVNHYAKDEVAARMNEVISLWKKLLEA-666

688 -EDIELWLYEVEGHLASDDYGKDLTNVONLQKKHALLEADVARAH-730

747 -AGHFDAENIKKKQEALVARY-766

1053-TRITKEAGSVSLRMKQVEELYHSLLE-1078

1087 -LEKSCKKFMLFREANELQOWINEKEAALTSEEVGADLEQVEVLQ-1130

1151 -NKVAEDLESEGLMAEEVQAVQOQEXYGMMPRDETDSKTASPWKSARLM-1198

1160-EGLMAEEVQAVQQQEXY-1176

1177-GMMPRDETDSKTASPWKSARLMVHTVATFNSI-1208

1160-EGLMAEEVQAVQQQEXYGMMPRDETD-1195

1196 - SKTASPWKSARLMVHTVATFNSI

1386 -TEIDARAGTFQAFEQFGQOQLLAHGHYASP-1414

1468-NTEDKGDSLDSVEALIK-1484

1478 -SVEALIKKHEDFDKAINVQEE-1499

1453 -CEQAENWMAAREAFLNTEDKGDSLD-1477

1500-KIAALQAFADQLIAAGHYAK-1519

1617-IERGACAGSEDAVKARLAALADQWQFLVQK-1646

1671 -DFWLSEVEALLASEDYGKDLASVN-1694

1939 -KNNHHEENISSKMKGLNGKVSDLEK-1963

2000-KTDDYGRDLSSVQTLLT-2016

2038 -ALKDQLLAAKHVQSK-2052

2114-LTDPVRCNSL-2123

2456 -LPTAFDYVEFTRSLFVN-2472

TABLE 2 TABLE 2-continued
examples of antigenic peptides from the o chain of 5, examples of antigenic peptides from the a chain of
non-erythroid spectrin. The numbers indicate the N non-erythroid spectrin. The numbers indicate the N
and C-terminal positions of the peptides in the a and C-terminal positions of the peptides in the a
chain of non-erythroid spectrin. chain of non-erythroid spectrin.
SEQ ID No SEQUENCE 55 SEQ ID No SEQUENCE
30 239-RLKGLALQRQ-248 36 1225-RSQLLGSAHEVQR-1237
31 390-LASDVAGAEALLDR-420 37 1262-GHDLASVQALQ-1272
32 462-QYEQCMDLQLEY-473 60 38 1280-RDLAALGDKVNS-1291
33 857-AAEDVKAKLHE-867 39 1440-MLDQCLELQLFHRD-1453
34 925-AEALLKKH-931 40 1687 -GKDLASVNNLLKKHQLLEADI-1707
65
35 1149-DINKVAE-1155 41 1809-LEAELAAHEPAIQGVLDT-1826
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TABLE 2-continued

examples of antigenic peptides from the a chain of

non-erythroid spectrin. The numbers indicate the N

and C-terminal positions of the peptides in the a
chain of non-erythroid spectrin.

SEQ ID No SEQUENCE
42 1841-I0QRLAQFVEH-1851
43 1983 -WKADVVES-1990
44 2275-ALILDN-2280

In a preferred embodiment of the method according to the
invention, at least one of the antigenic molecules used as
capture molecules is selected in the group consisting of the
polypeptides of SEQ ID Nos: 1 to 29 and 45. In a more
preferred embodiment, atleast one of the antigenic molecules
used as capture molecules is selected in the group consisting
of the polypeptides of SEQ ID Nos: 45 and 14 to 29. In
another embodiment, at least one additional antigenic mol-
ecule s selected in the group consisting of the polypeptides of
SEQ ID Nos: 30 to 44. In these embodiments, each capture
molecule can advantageously be conjugated to a labelled
bead (or microparticle, nanoparticle and the like), so that a
multiplex immunoassay (for example, a multiplex ELISA-
type assay) can be performed on a single sample. The present
invention hence also pertains to the use of a polypeptide
selected amongst the polypeptides of SEQ ID Nos: 1t0 29 and
45, and/or amongst the polypeptides of SEQ ID Nos: 30to 44,
possibly conjugated to a labelled particle, in an immunoassay
aimed at prognosticating and/or diagnosing cerebral malaria.

Alternatively, the method according to the invention can be
performed by performing an immunocapture assay as
described in Example 8 below, in which an anti-human
immunoglobulin antibody is used as a capture molecule, and
a labelled non-erythroid spectrin or fragment thereof is used
for the detection of the antibodies directed against the o chain
of non-erythroid spectrin. In a particularly advantageous
embodiment, this kind of immunocapture assay is adapted to
be performed in an immunochromatographic assay, such as a
lateral flow test strip or a dipstick.

According to another embodiment of the invention, the
method for in vitro prognosticating and/or diagnosing cere-
bral malaria comprises a step of detecting the non-erythroid
spectrin itself, or fragments thereof, in a biological sample. In
this embodiment, polyclonal or monoclonal antibodies
directed against non-erythroid spectrin are advantageously
used for detecting said non-erythroid spectrin or fragment
thereof. For example, monoclonal antibodies directed against
a polypeptide selected amongst the polypeptides of SEQ ID
Nos: 1 to 29 and 45, preferably amongst the polypeptides of
SEQID Nos: 45 and 14 to 29, can be obtained and used to that
aim.

The methods ofthe invention can be performed on different
kinds of biological samples, such as, for example, blood,
plasma or cerebrospinal fluid. Cerebrospinal fluid will be
used for the detection of non-erythroid spectrin or fragment
thereof, whereas blood or plasma are preferably used for
detection of seric markers such as antibodies and degradation
fragments of the non-erythroid spectrin.

The present invention also pertains to a kit for establishing
a prognosis and/or a diagnosis of cerebral malaria, which
comprises at least one antigenic molecule derived from the o
chain of non-erythroid spectrin. In preferred kits, at least one
antigenic molecule is selected in the group consisting of the o
chain of non-erythroid spectrin and its fragments of SEQ ID
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Nos: 1 to 45. Even more preferably, the kit comprises at least
one antigenic molecule comprising an epitope which is
present on the « chain of non-erythroid spectrin but not on
erythroid spectrin, such as, for example, the polypeptides of
SEQ ID Nos: 45 and 1 to 29. According to a particularly
preferred embodiment of such a kit, at least one antigenic
molecule comprised in the kit is selected amongst the
polypeptides of SEQ ID Nos: 45 and 14 to 29.

In a preferred embodiment of the kit according to the
invention, at least one antigenic molecule is bound to a sup-
port such as, for example a labelled particle. By “labelled
particle” is meant any kind of bead, microbead, nanoparticle,
semiconductor nanocrystal and the like.

Alternatively, at least one antigenic molecule is labelled,
and the kit according to the invention further comprises an
antibody directed against human antibodies, which is prefer-
ably monoclonal, and which can be bound to a support such
as, for example, a microplate, a microbead, or a membrane,

As mentioned above, the skilled artisan will preferably
choose, as materials and reagents to be included in the kit,
components that will be easy to use without the need for
heavy laboratory infrastructures.

The kit according to the invention can also comprise, in
place of the antigens or in addition thereto, monoclonal or
polyclonal antibodies directed against the o chain and/or the
[} chain non-erythroid spectrin.

The invention is further illustrated by the following figures
and examples.

FIGURE LEGENDS

FIG. 1: Day 0 plasma cytokine concentrations. A. TNFq;
B. IL-10. Horizontal bars in all panels indicate groupwise
median values. Ul: uninfected control, UM: uncomplicated
malaria, SNCM: severe non cerebral malaria, CM: cerebral
malaria.

FIGS. 1A-1B: Day O plasma cytokine concentrations. FIG.
1A. TNFa; FIG. 1B. IL-10. Horizontal bars in all panels
indicate groupwise median values. UI: uninfected control,
UM: uncomplicated malaria, SNCM: severe non cerebral
malaria, CM: cerebral malaria.

FIGS. 2A-2B: FIG. 2A. 1gG immunoreactivity profiles for
2,2,2,2and 3 patients in the EUIC, UI, UM, SNCM and CM
groups, respectively at day 0, day 7 and day 30 for each
patient. FIG. 2B. Frequency of patients in each group recog-
nizing ranges of 0-4, 5-8, 9-12 and more than 12 bands,
respectively. Sd: standard plasma, EUIC: European unin-
fected control, UL uninfected control, UM: uncomplicated
malaria, SNCM: severe non cerebral malaria, CM: cerebral
malaria.

FIGS. 3A-3C: PCA factor loads: Relative contributions of
reactivity bands to the first two PCA factors calculated on
unadjusted profiles of IgG immunoreactivity to brain proteins
separated by 10% SDS-PAGE. FIG. 3A. PCA factor 1. FIG.
3B. PCA factor 2. FIG. 3C. localisation of the band 0 on
Western blot profile obtain after the computer analysis of
membran N° 5. Bands are ordered from high to low molecular
weight (between about 230 kDa and 20 kDa). PCA: Principal
component analysis. Sd: standard plasma.

FIGS. 4A-4D: PCA factor scores from unadjusted 1gG
immunoreactivity profiles. FIG. 4A. Groupwise distribution
of factor 1 scores. FIG. 4B. Groupwise distribution of factor
2 scores. FIG. 4C. Frequency of patients in each group with
above-average factor 1 scores. FIG. 4D. Frequency of
patients in each group with above-average factor 2 scores.
EUIC: European uninfected control, UI: uninfected control,
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UM: uncomplicated malaria, SNCM: severe non cerebral
malaria, CM: cerebral malaria.

FIGS. 5A-5B: Properties of unadjusted IgG anti-brain
reactivity in terms of PCA factor 1 scores. FIG. 5A. Associa-
tion with age. FIG. 5B. Association with total plasma 1gG
concentration. Regression lines in both panels are calculated
onall patients. EUIC: European uninfected control, UT: unin-
fected control, UM: uncomplicated malaria, SNCM: severe
non cerebral malaria, CM: cerebral malaria.

FIGS. 6A-6C: Properties of adjusted IgG anti-brain reac-
tivity in terms of PCA factor 1 scores. FIG. 6A. Relationship
to total plasma IgG concentration, and dissection into three
subgroups: o (IgG<25 mg/ml; F1<0.5), p (1gG<25 mg/ml;
F1>0.5), 6 (IgG>25 mg/ml; F1<0.5). FIG. 6B. Frequencies of
patients above one year of age in each group, over the three
subgroups. FIG. 6C. Groupwise distribution of PCA factor-1
scores among patients older than one year, with horizontal
bars indicating median values. The significance of the differ-
ence between patients with cerebral malaria (CM) and with
noncerebral clinical malaria (UM+SNCM) is indicated. UT:
uninfected control, UM: uncomplicated malaria, SNCM:
severe non cerebral malaria, CM: cerebral malaria.

FIG. 7: IgG immunoreactivities to brain proteins separated
by 10% (left) and 6% (right) SDS-PAGE. For three bands
corresponding to high-molecular weight proteins, molecular
weights have been estimated by comparison with markers.
Sd:standard plasma. KDakilo Dalton. MW:molecular
weight.

FIG. 8: Intensity of IgG reacting to band 0 in children older
than one year in each group. Horizontal bars indicate medi-
ans; the significant difference between patients with cerebral
malaria (CM) and with noncerebral clinical malaria (UM+
SNCM) is indicated. UI: uninfected control, UM: uncompli-
cated malaria, SNCM: severe non cerebral malaria, CM: cere-
bral malaria.

FIGS. 9A-9C: Total reactivity to brain proteins and inten-
sity of IgG reacting to band 0 as a function of plasma cytokine
levels in children older than 1 year. FIG. 9A. Positive corre-
lation between PCA factor 1 and TNFa concentrations in the
CM group, indicated by dashed regression line. FIG. 9B.
Positive correlation between unadjusted reactivity to band 0
and TNFa levels. FIG. 9C. High band O reactivity was
observed most frequently in CM patients with TNFa. levels
above 100 pg/mL (indicated as high-TNFa in a separate
group on the right). Horizontal bars indicate medians. Only
children over the age of 1 year are shown. UI: uninfected
control, UM: uncomplicated malaria, SNCM: severe non
cerebral malaria, CM: cerebral malaria.

FIG. 10: Anti-IgG erythrocyte spectrin ELISA result. Box
plot representation of the ratio for individuals by groups. Al:
asymptomatic infected individuals; CM: cerebral malaria;
SNCM: severe non-cerebral malaria; Ul uninfected indi-
viduals; UM: uncomplicated malaria. * Ratio is defined as
follow: (OD sample—OD background)/(OD positive con-
trol**-0D background). ** Positive control is a pool of
patients included in each ELISA plate.

FIG. 11: Concentration of IgGs anti-N-terminal fragment
of the o chain of the non erythroid spectrin. The number of
individuals tested is indicated under the name of the corre-
sponding group. Bar charts represent the median values. The
extreme values are represented by open circles. The statistical
analysis was realized using the non parametric Kruskal-Wal-
lis test followed by a non parametric Mann-Whitney (Stat-
view 5.0, Institute Inc., Cary, N.C.).
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EXAMPLES

Abbreviations

Throughout these examples, the following abbreviations
will be used: EUIC, European uninfected controls; UI, unin-
fected; UM, uncomplicated malaria; SNCM, severe non-ce-
rebral malaria; CM, cerebral malaria; TNFa., tumor necrosis
factor alpha; IFNy, interferon gamma; IL-10, interleukin-10;
PL, phospholipid; CL, cardiolipin; PCA, principal compo-
nent analysis; OPH, Owendo Pediatric Hospital, LHC, Libre-
ville Hospital Center; OPD, Ophenylenediamine; SDS,
sodium dodecy! sulfate; Sd, Standard plasma; DTT, dithio-
threitol; TLCK, N-a-tosyl-L-lysine chloromethyl ketone.
Patients and Methods

The following examples were performed using samples
from patients and methods as described below.

Study Population

Patients were included in the study only after informed
consent had been obtained from their parents, at the Owendo
Pediatric Hospital (OPH) and Libreville Hospital Center
(LHC) in Gabon, between 1996 and 2000. The ethics com-
mittee of the Gabon Health Office approved this study.
Patients were assigned to the various groups on the basis of
World Health Organization guidelines for the definition of
uncomplicated and severe malaria. The children included in
this study were aged between 2 months and 5 years, and fell
into three groups for P. falciparum malaria: 1) uncomplicated
malaria (UM), 2) severe non-cerebral malaria (SNCM) with
severe anemia (hemoglobin level<S g/dl) or hypoglycemia
(glycemia<2.2 mmol/ml), and 3) cerebral malaria (CM) with
a Blantyre Coma Score<2, or three convulsive episodes dur-
ing the 24 hours before admission, with a post-critical coma-
tose stated lasting >15 minutes. A control group was also
studied—the uninfected group (UD)—comprising children
with P falciparum-negative thin blood smears. All patients
presenting diseases other than malaria were excluded from
the study. All the UT subjects (25) were from the same area of
Libreville City, and the patients in the UM (66), SNCM (36)
and CM (21) groups were all recruited from the OPH and
LHC hospitals (Table 3). During the recruitment period, 5.4%
(8/148) of the patients died in CM group. There was no
significant difference in mean age between the children in the
various groups, with the exception of the SNCM group, for
which the mean age was lower. No significant differences in
sex ratio were observed, with a 1:1 ratio of boys to girls in
every group (Table 3).

TABLE 3

Distribution of patients according to age and sex in different groups.

Ul M SNCM CM Total

Staff 25 66 36 21 148
Age Mean 2.9 3.2 1.8 2.7 2.6
Range  (0.5-5)  (05-5)  (0.245) (0.5-5)  (0.2-5)

Sex  Male 13 23 18 13 67
Female 11 32 14 8 65
Mortality 0 0 0 8 8 (5.4%)

UI controls were examined daily for clinical symptoms.
Parasitemia (thin blood smears) was determined on days 0, 7
and 30. UT subjects were checked for intestinal helminthiasis
on days 0 and 30. Each individual received 400 mg of oral
albendazole (Zentel®) on day 7. Patients were treated with
amodiaquine or quinine, depending on disease severity. Chil-
dren with uncomplicated malaria were given oral amodi-
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aquine (25 mg/kg) for three days; those with severe malaria
received intravenous quinine (25 mg/kg/day) for five days.
Children with severe anemia underwent blood transfusion.
None of the participants had suffered from CM before.
Blood Sample Collection

Venous blood from each patient was collected into EDTA
in sterile vacutainers on the day of hospitalization (day 0,
before any treatment), day 7 and day 30. Plasma was obtained
by centrifuging blood samples at 5000 g for 15 min. Plasma
samples were stored at —80° C. until use.
Parasite Assessment

Parasitemia was assessed by counting asexual forms of P
falciparum on thin blood smears under a light microscope
after staining with 10% Giemsa solution. One thousand red
blood cells were scored and parasitemia is expressed as the
percentage of infected red blood cells.
Antibodies

Total IgG were quantified by “sandwich type” ELISA
using a mouse monoclonal anti-human IgG (y-chain specific)
unconjugate (Sigma Aldrich, France) for plates coating and a
secondary goat polyclonal peroxidase-conjugated anti-hu-
man IgG (y-chain specific) (Sigma Aldrich, France). The
standard was done using total purified human IgG (Immu-
nopure, human 1gG, whole molecule, Pierce, France). Immu-
noblot was performed using a secondary goat polyclonal
anti-human IgG (y-chain specific) conjugated to the Alkaline
Phosphatase (Sigma Aldrich, France).
Quantification of Total Plasma IgG

For quantification of the IgG in the patients’ plasma,
96-microwell plates (Reacti-Bind 96 EIA Plat. Corn. Not.
100/PING, Pierce) were coated by incubation overnight at 4°
C. with 5 pg/ml of monoclonal anti-human IgG antibodies
(Sigma-Aldrich, France). Plates were washed with 0.05%
Tween in PBS and saturated by incubation with 1% gelatin in
PBS for 1 hour at 37° C. Plasma samples were then serially
diluted in 1% gelatin and 0.01% Tween-20 in PBS. 100 pl of
diluted plasma were added to each coated well and incubated
the plates for 2 hours at 37° C. The plates were washed
thoroughly and incubated with peroxidase-conjugated anti-
human IgG for 2 hrs at 37° C. Binding was detected in the
dark, using 100 pl/well O-phenylenediamine (OPD) in 0.05
Mphosphate-citrate buffer, pHS (Sigma-Aldrich, France) as
the substrate. The peroxidase reaction was stopped after 30
min by adding 10% SDS (sodium dodecyl sulfate). Absor-
bance was measured at 450 nm, with an ELISA plate reader.
The total amount of IgG in the sample was determined from
astandard curve covering the range 0.001-2 pg/ml IgG. Each
sample was tested in duplicate.
Cytokine Assays

A sandwich-type ELISA was used to determine cytokine
levels (TNFa, IFNy and IL-10), using a kit (OptEIA set,
Pharmingen, BD Bioscience, France), according to the manu-
facturer’s recommendations. Cytokine levels were deter-
mined in blood samples from 106 patients chosen at random
from the various groups (18 Ul, 26 UM, 25 SNCM and 20
CM). The amounts of TNFc, IFNy and IL-10 in the samples
were calculated from standard curves covering the range 1.1
to 75 pg/ml for IFNy, 1.9 to 1000 pg/ml for IL.-10 and 1.9 to
2000 pg/ml for TNFc.
Brain Extract Preparation, Gel Electrophoresis and Immuno-
blotting

These methods were as described elsewhere (41). Briefly,
normal human brain tissue from a person with no brain dis-
ease was solubilized and homogenized on ice by mechanical
disruption in 60 mM Tris, 2% SDS, 100 mM DTT (dithio-
threitol), 1.0 pg/ml aprotinin, 1.0 pg/ml pepstatin, 50 pg/ml
TLCK (N-o-tosyl-L-lysine chloromethyl ketone), pH 6.8.
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Brain extract proteins were stored at =20° C. Proteins (about
300 pg protein/gel) were separated by a standard SDS-PAGE
in a 10% acrylamide gel, at 25 mA. All electrophoresis
reagents were purchased from Bio-Rad (Richmond, Calif.).
The proteins were transferred onto nitrocellulose membranes
(Schleicher & Schull, Dassel, Germany) by semi-dry elec-
trotransfer (Pasteur Institute, Paris) for 1 h at 0.8 mA/cm?.
Membranes were blocked by incubation overnight at room
temperature with 0.2% Tween 20 in PBS (PBST).

Membranes were then incubated with patient plasma
samples diluted 1:20 in PBST (non-adjusted assay), or to a
total IgG concentration of 200 pg/ml (adjusted assay), in a
Cassette Miniblot System (Immunetics, Cambridge, Mass.).
This cassette system consists of 28 incubation channels, pet-
mitting the simultaneous incubation of each membrane with
22 individual samples and 2 standard plasma samples. Mem-
branes were incubated for 4 hrs at room temperature with
gentle shaking. They were then removed from the cassettes
and bound immunoglobulins were detected by incubation
with chain-specific secondary rabbit anti-human IgG coupled
to alkaline phosphatase (Sigma-Aldrich) for 90 minutes at
room temperature. Immunoreactivity was detected with
NBT/BCPI (nitroblue tetrazolium/5-bromo-4-chloro-3-in-
dolyl-phosphate).

The molecular weights of brain proteins were determined
by comparison with “Precision Plus Protein Standards™ (Bio-
Rad, Richmond, Calif.) after separation by SDS-PAGE in 6%
and 10% acrylamide gels. This standard contains ten highly
purified recombinant proteins with molecular masses from 10
to 250 kDa.

Data Treatment and Quantification of Immunoreactivity

Dried membranes were scanned with a high resolution
scanner (600 DPI), using an 8-bit linear grayscale as previ-
ously described (41). The proteins on the membrane were
then stained with colloidal gold (Protogold, BritishBioCell,
Cardiff, GB) and scanned again. The corresponding total
protein staining was used in the spaces between the incuba-
tion slots to adjust immunoreactivity profiles for migration
inequalities so that equivalent immunoreactivities could be
re-scaled to equivalent positions on a common standard
migration scale. Protein staining was also used to adjust dif-
ferent blots with the same cerebral extract to each other and a
standard plasma sample was applied twice to the gel for total
intensity adjustment. A mixture of diverse Gabonese plasma
preparations diluted Y20 was used as the standard plasma
sample.

Protein Identification by Mass Spectrometry.

Protein bands localization on the gel was done by Western-
blot (same experimental procedure used for the repertoire
analysis) after 10% acrylamide gels SDS-PAGE separation of
the brain protein extract using a pool of sera from 10 CM
patients defined exhibiting a high reactivity with the band of
interest. For each gel, half of the gel was used to transfer
protein onto nitrocellulose membrane and western-blot
analysis. The other half was stained with brilliant R250 Coo-
massie blue (Bio-Rad). After immunoblotting and protogold
staining of the proteins on the membrane, densitometric pic-
tures were used to adjust the protein profile and identify the
protein bands. Protein bands from the half gel stained by
Coomassie were selected and excised manually using a clean
scalpel, and then analyzed by mass spectrometry.

Proteins were identified by peptide mass fingerprinting
with a matrix-assisted laser desorption ionization-time of
flight (MALDI-TOF) mass spectrometer (MS), Voyager DE-
STR (Applied Biosystems, Framingham, Mass., USA). The
Investigator Progest system (Genomic Solutions) was used
for in gel digestion of proteins with modified porcine trypsin
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(Promega). The Investigator ProMS system (Genomic Solu-
tions) was used for sample desalting (uZip-TipC18, Milli-
pore) and for loading the sample with the matrix (ct.-cyano
4-hydroxy-cinnamic acid) on the MALDI sample plate. Inter-
nal calibration of MALDI spectra was carried out using the
autolysis peaks of the trypsin.

For searching NCBInr database, monoisotypic masses
were assigned using a local copy of Mascot (Matrix Science,
London, UK). Parameters were set as follows: no restriction
on the isoelectric point of proteins, a maximum mass error of
50 ppm and one incomplete cleavage per peptide was consid-
ered.

Statistical Analysis

As cytokine concentrations and parasite loads were far
from normally distributed, being closer to log-normal distri-
butions, these data were systematically described, displayed
and analyzed with log-transformation. For this transforma-
tion, undetectable plasma cytokine levels were considered to
be 1 pg/ml (minimal detection threshold). Linear correlation
and regression analyses were also carried out on the log-
transformed data for these parameters. Inmunoblot data were
analyzed by multivariate statistical methods, using IGOR
software (Wavemetrics, LakeOswego, Oreg.), including spe-
cially written software packages. The standard migration
scale was divided into sections around individual peaks of
immunoreactivity. After subtraction of a baseline, peak areas
under the respective densitometric profile were determined
for each section and divided by the section length. Individu-
ally recognized band numbers were determined by counting
sections with values above 50% of the standard plasma value
when averaged over all sections. Section-wise absorbance
values were subjected to principal component analysis
(PCA), based on covariance calculation, a classical method
for the multivariate analysis of highly dimensional correlated
data involving projection onto characteristic subspaces of
lower dimensionality. PCA factors are ordered according to
the proportion of the total data variance fitted. Thus, the first
component (Factor 1) is the one-dimensional fitting vector
that accounts for the largest proportion of the variance and
factor 2 is the second-best uncorrelated one-dimensional vec-
tor fitting the data. For quantitative comparisons between
groups, Mann-Whitney (between two groups) or Kruskal-
Wallis (>2 groups) tests were used. Qualitative association
was tested by Pearson’s % test. The association between
continuous quantitative parameters was assessed by linear
regression, with the exception of correlations between two
different types of parameters such as reactivity and cytokine
profiles, which were tested by Spearman’s rank correlation. P
values<0.05 were considered significant.

Example 1

Total Plasma IgG and Cytokines Concentrations
According to Age, Sex, Parasitemia and Clinical
Status

Parasitemia and circulating [gG levels were determined on
day O (hospital admission) for the 129 patients randomly
selected and distributed between the various groups as fol-
lows: UI (18) UM (61), SNCM (33) and CM (17) (data not
shown). Median parasitemia levels did not differ significantly
between the groups: UM (3.2%), SNCM (2.8%) and CM
(4.0%). Parasitemia was not significantly associated with
either sex or age. No significant difference in total IgG levels
was observed between the Ul, UM, SNCM and CM groups on
day 0 (data not shown). Total IgG levels were also similar
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between the sexes and did not increase with parasite load.
However, plasma total IgG concentration increased with age.

Plasma TNFe, IL-10 and IFNy concentrations were deter-
mined on day 0 (before treatment) in 18 UL, 26 UM, 25
SNCM and 20 CM patients. Plasma TNFa concentrations
were significantly higher in the UL, SNCM and CM groups
than in the UM group (p=0.0006, p=0.0001 and p=0.001,
respectively) (FIG. 1A). Plasma TNFo concentrations in
patients with severe malaria (SNCM and CM) differed sig-
nificantly from those in UT subjects, whereas no significant
difference in these concentrations was observed between
SNCM and CM patients. However, 75% of SCM patients who
died had a very high plasma level of TNFa. (62.5% from 500
to 1520 pg/ml, and 12.5% from 100 to 500 pg/ml) (data not
shown). Plasma IL-10 concentrations were lowest in the UI
group, followed by the UM group, then the CM group, and
finally the SNCM group (FIG. 1B). IL-10 levels were signifi-
cantly lower in the UI group than in the UM (p=0.0009) and
severe malaria groups (p<0.0001), but were similar in the
UM, SNCM and CM groups. Thus, unlike TNFo concentra-
tions, IL-10 concentrations did not differ significantly
between the UM, SNCM and CM groups. 1L.-10 was the only
one of the three cytokines studied significantly associated
with parasite load on day 0, both for the UM group
Respearman—+0-65; p=0.003), and for all infected patients

spearman—+0-27; p=0.03) (data not shown). None of the
cytokines determined on day 0 was significantly associated
with age or sex in the sample as a whole or in any of the
groups. IFNy concentrations were highest in the UM and CM
groups (data not shown). The differences between the CM
and Ul groups were statistically significant (p=0.007),
whereas no significant differences were observed between the
UM, SNCM and CM groups.

Example 2

Diversity of IgG Reactivity with Brain Antigens in
the Various Clinical Groups

The patterns of recognition of brain antigens by plasma
1gG from P, falciparum-infected patients with different clini-
cal forms of malaria were compared. Patterns were detected
by quantitative immunoblotting (PANAMA-blot), using a
protein extract from the brain of a healthy individual as the
source of antigens. An adjusted assay was carried out as
previously described (40-42), in which patient plasma was
systematically diluted for testing at an identical total IgG
concentration (200 ug/ml), to determine the proportion of
total IgG accounted for autoantibodies. 122 of the patients
enrolled were randomly selected in the cohorts, and analyzed
sera collected on day 0 (hospital admission), day 7 and day
30. It was not possible to determine the profiles of nine
patients due to precipitation. The remaining patients were
distributed as follows: 18 U1, 57 UM, 24 SNCM, and 14 CM.
FIG. 2A-2B shows typical examples of the immune profiles
obtained with the brain extract, for several patients of each
group, on days 0, 7 and 30. Reactivity patterns were more
diverse in the UM, SNCM and CM groups than in the U and
EUIC (European uninfected controls) group, but did not
change over this time period (FIG. 2A). The median number
of cerebral antigens recognized by plasma IgG was signifi-
cantly higher in UM (p=0.02), SNCM (p=0.01) and CM
(p=0.02) than in UI (data not shown) subjects, whereas the
difference in the number of bands recognized did not differ
significantly between UM, SNCM and CM patients. The
proportion of patients in each group with plasma IgG recog-
nizing a particular number of bands (FIG. 2B) was deter-
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mined. The proportion of individuals with a large number of
bands (>12) was higher in CM (71%) and SNCM (58%) than
in UM (49%) and UI (17%) subjects. The overall difference
between groups was significant (*=11.2, p=0.01). Thus, the
number of brain antigens recognized by circulating IgG from
P falciparum-infected individuals increased with disease

severity, with the sera of most Ul subjects reacting with less
than eight bands (FIG. 2B).

Example 3

Relationship Between Size of the IgG Repertoire
Directed Against Brain Antigens and Disease
Severity

The distribution of circulating IgG reactivities to brain
proteins was investigated by carrying out a second quantita-
tive immunoblot assay, using the same method but analyzing
every plasma sample at a fixed dilution of 1/20 (non-adjusted
assay). Ten European children of similar ages who had never
been exposed to malaria were included in this assay. The
patterns of reactivity of the patients were then analyzed by
principal component analysis (PCA), fitted to the Gabonese
data. In PCA, the components are identified in decreasing
order of importance. Thus, by definition, the first two com-
ponents identified account for a large proportion of total
reactivity. Factor 1 was characterized by overall positive fac-
tor loads (FIG. 3A-3C). Factor 1 scores therefore provide a
quantitative measure of total reactivity. Factor 2 scores
mostly reflected the recognition of one particular section (the
section-0) rather than the others. Factor 1 and factor 2 scores
were higher in CM than in UL, UM and SNCM patients (FIG.
4A-4B). Factor 1 scores were significantly lower in EUIC
than in Gabonese Ul (p=0.045). No significant difference was
observed between the UI, UM, SNCM and CM groups (FIG.
4A). Factor 2 scores differed significantly between CM and
SNCM patients (p=0.001) and between CM and UM patients
(p=0.04) (FIG. 4B).

The proportion of patients with high factor 1 scores (and
therefore high overall anti-brain reactivity) appeared to be
highest for CM patients, but no significant difference was
found between the groups (FIG. 4C). The proportion of
patients with high factor 2 scores was significantly lower in
EUIC, UI, UM and SNCM (70%, 67%, 61%, and 50%,
respectively) than in CM (100%) subjects (Yates-corrected
$°=6.8, p=0.009; %1 Group—104, p=0.03) (FIG. 4D).
Remarkably, all CM patients had factor 2 scores above the
mean.

In addition to the day 0 samples, samples taken from the
same individuals (14 U, 42 UM, 27 SNCM and 3 CM
patients) on days 7 and 30 after admission were also analyzed.
The factor scores obtained for these samples were determined
by projection, using factor loads calculated from day 0 data.
Factor 1 scores increased significantly between days 0 and 7
in patients developing malaria whereas, on day 30, reactivity
patterns were identical to those on day 7 for most of the
children (data not shown). No such increase was observed in
factor 2 scores.

Example 4

Reactivity to Brain Proteins According to Age, Sex,
Parasitemia and Circulating IgG Levels

The reactivity to brain antigens represented by factor 1
scores was significantly correlated with age (R=+0.39,
p=0.001) (FIG. 5A) in the non-adjusted assay, whereas no
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correlation was found between reactivity profiles, sex and
parasitemia (data not shown). However, circulating 1gG con-
centration was found to be significantly correlated with reac-
tivity in all groups (R=+0.21, p=0.03) (FIG. 5B) except for
uninfected controls (data not shown). These correlations with
total IgG concentration and age were less significant
(p=0.038 and 0.026, respectively) if adjusted immunoblot
assays were used for PCA analyses. Thus, determining pro-
portions, as for the assessment of diversity, may better reflect
intrinsic repertoire properties and make it possible to address
specific changes. In the adjusted assay, high anti-brain reac-
tivity (factor 1 scores) was observed only for patients with
low total IgG concentrations (FIG. 6A). Children were
assigned to three subgroups, as follows: o) low anti-brain
reactivity and moderate levels of circulating IgG (below 25
mg/dl), B) high anti-brain reactivity and moderate levels of
circulating IgG and §) low anti-brain reactivity and high
levels of circulating IgG. Subgroups o and [ displayed
unequal distributions of UM, SNCM and CM patients. UM
and SNCM patients were overrepresented in subgroup o
(72% of the UM and 75% of the SNCM patients, but only
36% of the CM patients; yx-squared test for all groups:
p=0.049). Subgroup f included 50% of the CM patients but
only 21% of all samples (y-squared test: p=0.028). No pref-
erential distribution of any particular group of patients was
observed in subgroup d.

During the first twelve months of life, the plasma may
contain maternal IgG. The differences between the three sub-
groups were more pronounced if the analysis was limited to
factor 1 scores for the adjusted anti-brain reactivity of sera
from children over the age of one year. In this analysis,
subgroup c contained 89% of the UM and 79% ofthe SNCM
patients but only 11% of the CM patients, whereas 78% of
CM patients were found in subgroup f (FIG. 6B). The asso-
ciation between the levels of brain-reactive 1gG and clinical
status was highly significant for subgroups ot and f§ (p=0.0005
and 0.0004, respectively). Similarly, CM patients over the age
of one year also showed the highest anti-brain reactivity (fac-
tor 1 scores) (FIG. 6C). Factor 1 scores were significantly
higher for CM than for SNCM and UM patients (p=0.005 and
0.009, respectively) in the adjusted assay.

Thus, IgG reactivity against the brain, which was corre-
lated with both age and total plasma IgG concentration in the
unadjusted assay, reflects non-specific differences in the natu-
ral autoantibody repertoire. Conversely, the results for the
adjusted assay, in which the effect of both age and total IgG
concentrations was largely eliminated, indicate that a specific
self-reactive antibody repertoire is induced during P. falci-
parum infection.

Example 5

IgG Reactivity to a High-Molecular Weight Brain
Antigen is Associated with CM

Profiles of the reactivity of standard and patient plasma
samples with brain proteins were separated into 33 sections
on the standardized migration scale. PCA analysis revealed
that reactivity with section 0, corresponding to a set of high-
molecular weight proteins, was the most informative (FIG.
3A-3C). In the two types of assay, this section had the most
impact on PCA factor 1. For PCA factor 2, section 0 was
distinguished from the rest of the repertoire by a positive load.
Section 0 includes at least three proteins with estimated
molecular weights of 230 kDa, 147 kDa and a double band at
130 kDa on SDS-PAGE in a 6% acrylamide gel with protein
size standards (FI1G. 7). In adjusted assays, plasma IgG from
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children with CM over the age of one year reacted more
strongly with the brain proteins contained in section 0 than
did plasma IgG from children of the UM and SNCM groups
(both p=0.0008) (FIG. 8): 90% of the CM patients had a
detectable reaction, versus 50% SNCM 44% UT and 39% UM
patients (data not shown). The results obtained in unadjusted
assays were qualitatively similar, but the differences between
CM and UM and between CM and SNCM were less signifi-
cant (p=0.02 and 0.01, respectively). Unadjusted reactivity
with section 0 proteins increased with age (R=0.25; p=0.04)
(Data not shown).

Example 6
Mass Spectrometry Identification

Proteins from human brain extract were separated on a
10% acrylamide gel. After Coomassie staining, three bands
corresponding to reactive bands detected by Western blot
were cut and their protein contents analyzed by peptide mass
fingerprinting. In three independent experiments, band 1 cor-
responded to the beta chain of the non-erythroid spectrin
isoform 2 while bands 2 and 3 to seven different isoforms of
the alpha chain of the non-erythroid spectrin. In this latter
case, it is not possible to distinguish if only one, several or all
these isoforms are present in bands 2 and 3 (Table 4).

TABLE 4
Mass fingerprinting results.
NCBI Sequence
accession MW  Matching coverage Mascot
Band number number (kDa) peptides (%) score™
band 1 gil30315658 251 28 15 89
band2 andior gil56757656 285 64 28 401
gil35663122 285 64 28 401
gil31565122 282 64 28 400
gil62089306 288 64 28 399
gil55663121 288 64 28 398
gil1805280 285 64 28 398
gil4507191 284 63 28 390
band3 andior gil56757656 285 53 24 303
gil35663122 285 53 24 303
gil31565122 282 53 24 303
gil62089306 288 53 24 300
gil55663121 288 53 24 300
gil1805280 285 53 24 300
gil4507191 284 53 24 303

*Mascot score is 10XLog(p), where p is the probability that the observed match is a random
event. Protein scores greater than 64 are significant (p < 0.05).

Example 7

Relationships Between [gG Reactivity to Brain
Proteins, Plasma Cytokine Profile and Clinical
Manifestations of Malaria

The inventors assessed whether IgG autoantibody
response and the type of disease were associated with a spe-
cific circulating cytokine profile in P. falciparum-infected
patients. Plasma IFNy concentrations and reactivity were not
associated in the various groups. In the adjusted assay, reac-
tivity to brain antigens, as measured by PCA factor 1 score,
was positively correlated with TNFa concentration. This cor-
relation was significant for children over the age of one year
Rpearman—+0-41, p=0.02) (FIG. 9A). Factor 1 score was
particularly high in the CM patients with the highest plasma
TNFa concentrations (>100 pg/ml). The intensity of the
unadjusted (but not of the adjusted) reactivity with the section
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0 band was also correlated with TNFo. concentrations (in all

children: R, ..., =+0.35, p=0.008; children aged over 1
year: R, orman—+0.54, p=0.002) (FIG. 9B). Reactivity with

section 0 bands was significantly stronger for the CM patients
with the highest plasma TNFa concentrations (>>100 pg/ml)
than for SNCM and UM patients (p=0.0006 and p=0.003,
respectively) (FIG. 9C).

Example 8
Immunocapture Assays

Immunocapture assays are performed to detect either IgG,
IgM or IgA autoantibodies against non erythroid spectrin.

Solid phase, (microplates, microbeads, membranes) are
sensitized with an anti-gamma, anti-alpha or and anti-mu
human antibody (preferably monoclonal).

After an incubation period (24 h at 48° C.), the solid phase
is washed and saturated.

Each sample to be tested is appropriately diluted (about
Y100 for adult serum, and about Y10 for neonatal and infantile
serum) and deposited onto the sensitized solid phase (tripli-
cates). The solid phase is then incubated.

After washing, a labelled non erythrocyte spectrin or a
fragment thereof is added onto the solid phase. The solid
phase is again incubated.

After a second washing, the immune reaction is read,
directly if the non erythrocyte spectrin or a fragment is itself
directly labelled (magnetic or coloured particles) or indirectly
if the label is an enzymatic one, by addition of the appropriate
substrate and chromogen.

This assay allows the detection of slight antibody concen-
trations.

Example 9

Comparison of the Antibody Responses to the a
Chain of the Erythroid and the Non-Erythroid
Spectrin in P, falciparum Infected Patients

The non-erythroid alpha-spectrin shares 60% of amino
acid sequences identity with the human red blood cell protein
(43). As autoantibodies recognizing red blood cells are fre-
quently reported during Plasmodium infection, the inventors
have investigated whether the self-reactive antibodies recog-
nizing the a chain of the non-erythroid spectrin observed in
CM patients are a result of a cross reactivity with the erythroid
o spectrin. To this aim, they estimated plasma IgG levels
against the erythroid form of this protein in the cohort of
patients studied using an ELISA test. In addition to the first
cohort, other individuals, including a new group defined as
asymptomatic infected individuals (Al), were tested.

Anti-spectrin IgG antibodies were quantified in the plasma
of the P, falciparum infected children. An ELISA assay was
developed to test specific IgG reactivity against the erythro-
cyte form of the spectrin. Purified erythroid spectrin from
Sigma was coated on 96 well plate at the concentration of2.5
microg/mL. Plasma samples were tested at the dilution of Y50
and incubated 1 hour at 37° C. Specific anti-human IgG
peroxidase conjugate secondary antibody (Sigma) was incu-
bated at the dilution of %400 for 1 hour at 37° C. Reactivities
were revealed with OPD in citrate buffer and then stopped
with 10% SDS. Optical density (OD) was quantified at 450
nm. The results were expressed as a ratio defined as (OD
sample-OD background)/(OD positive control-OD back-
ground), wherein the OD positive control is a pool of plasma
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that was included in each plate as a positive control. Groups of
patients were compared using the non parametric Mann-
Whitney U-test.

Higher level of 1gG reacting with erythroid spectrin was
foundin UM (mean of theratio per group=standard deviation:
1.016+0.679) when compared to SNCM (0.874+0.433), CM
(0.788+0.526), A1(0.752+0.484) and UI (0.643+0.285) (FIG.
10). As shown by Mann-Whitney U-tests, groups were sig-
nificantly different when comparing UM vs. UI (p=0.0095),
UM vs. CM (p=0.0118), CM vs. non-cerebral malaria
(SNCM and UM) (p=0.015), healthy (AI+UT) vs. not healthy
(UM+SNCM+CM) (p=0.0205) and infected (AI+UM+
SNCM+CM) vs. not infected (UT) (p=0.0457).

These results suggest that, contrarily to what could have
been expected, the antibodies against the ¢ chain of the non-
erythroid spectrin produced in CM patients and the antibodies
against the o chain of the erythroid spectrin found in the
plasma of the same group of malaria patients do not recognize
the same epitopes. Hence, the self-reactive antibodies recog-
nizing the o chain of the non-erythroid spectrin observed in
CM patients do not result from a cross reactivity with the
erythroid o spectrin.

Example 10

Self-Reactive Antibodies Produced in CM Patients
are not Directed to the N-Terminal Fragment of the
o Chain of the Non-Erythroid Spectrin

The o chain of the non-erythroid spectrin (c.-11 spectrin) is
cleaved during apoptosis. The cleavage is effected following
activation of a neutral calcium activated protease, calpain and
caspase-3, both members of cysteine protease family, which
have been shown to play an important role in the proteolytic
cascades associated with several other central nervous system
disorders such as stroke, hypoxiaischemia, experimental
hydrocephalus and spinal cord injury. Calpain mediated
cleavage of intact spectrin (280 kDa) results in fragments of
150 kDa (C-terminal) and 145 kDa (N-terminal), specific for
calpain.

Interestingly, antibodies against alpha-fodrin have been
shown to be present in up to 98% of untreated patients with
Sjogren’s syndrome. These antibodies are specifically
directed against an apoptotic cleavage product of alpha-fo-
drin, which is a 120 kDa N-terminal fragment of the a-II
spectrin (product of a partial degradation of the 145 kDa-
fragment mentioned above).

The inventors have investigated whether the antibodies
found in Sjogren’s disease patients recognized the same part
of the o-I1 spectrin as the antibodies found in CM patients. To
this aim, they used a commercial Kit (Aesku Diagnostic,
Germany), which allows to quantify specific IgG to the 120
kDa N-terminal fragment of the a-II spectrin. The same
cohort of patients as above was tested. The obtained data
showed that the quantity of specific IgGs recognizing this
N-terminal fragment of the a-II spectrin is significantly
increased in the asymptomatic (Al), acute (UM) and severe
non cerebral malaria (SNCM) patients by comparison with
the not infected individuals living in the same endemic area
(UI). To the contrary, the amount of 1gGs recognizing the 120
kDa N-terminal fragment of the o-II spectrin in cerebral
malaria patients (CM) was statistically the same as in unin-
fected subjects (UT) (FIG. 11).

In conclusion, circulating IgGs against the 120 kDa N-ter-
minal fragment of the a-I1 spectrin observed in the sera of P,

Jalciparum infected patients cannot explain the reactivity of
circulating IgG with the o chain of the non-erythroid spectrin
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found in CM patients. These results also suggest that antibod-
ies produced in Al, UM and SNCM subjects do not recognize
the same antigenic peptides of the a-1I spectrin as antibodies
produced in CM patients. Clearly, the hypothesis of a role
played by autoantibodies to brain proteins in CM pathophysi-
ology is in agreement with the inventor’s observations and
with those previously made for numerous autoimmune dis-
eases involving the brain such as multiple sclerosis. Accord-
ing to this concept, high levels of a-IT spectrin autoantibodies
found in CM patients would not be caused by the direct
antigenic stimulation of anti-brain o-II spectrin lymphocytes
clones, but would be a consequence of a P. falciparum-in-
duced defect or weakening of the natural regulation of
homunculus autoreactivity. Consequently and since the frag-
ment of at-1T spectrin recognized by the IgGs of P. falciparum
infected patients differs from the one recognized by 1gGs of
CM patients, it is proposed to use the antibody to -1 spectrin
as a marker of CM.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 45

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 1

Leu Glu Lys Trp Ile Gln Glu Lys Leu Gln Ile Ala Ser Asp Glu Asn
1 5 10 15

Tyr Lys Asp Pro
20

«210> SEQ ID NO 2

«<211> LENGTH: 27

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<400> SEQUENCE: 2

Ala Asn Ser Gly Ala Ile Val Lys Leu Asp Glu Thr Gly Asn Leu Met
1 5 10 15

Ile Ser Glu Gly His Phe Ala Ser Glu Thr Ile
20 25

«210> SEQ ID NO 3

«<211> LENGTH: 36

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

«<400> SEQUENCE: 3

Thr Asp Met Ala Ala His Glu Glu Arg Val Asn Glu Val Asn Gln Phe
1 5 10 15

Ala Ala Lys Leu Ile Gln Glu Gln His Pro Glu Glu Glu Leu Ile Lys
20 25 30

Thr Lys Gln Asp
35

<210> SEQ ID NO 4

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 4

Gln Leu Met Ala Ser Asp Asp Phe Gly Arg Asp Leu Ala Ser Val Gln
1 5 10 15

Ala Leu Leu Arg Lys His Glu Gly Leu
20 25

<210> SEQ ID NO 5

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 5

Ala Asp Arg Leu Gln Gln Ser His Pro Leu Ser Ala Thr Gln Ile Gln
1 5 10 15

Val Lys Arg Glu Glu Leu Ile Thr Asn
20 25

<210> SEQ ID NO 6

<211> LENGTH: 20

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«400> SEQUENCE: 6

Ser Phe Lys Ser Ala Asp Glu Ser Gly Gln Ala Leu Leu Ala Ala Gly
1 5 10 15

His Tyr Ala Ser
20

«<210> SEQ ID NO 7

«211> LENGTH: 19

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<400> SEQUENCE: 7

Asgn Asn His Tyr Ala Met Glu Asp Val Ala Thr Arg Arg Asp Ala Leu
1 5 10 15

Leu Ser Arg

<210> SEQ ID NO 8

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 8

Thr Asp Glu Ala Tyr Lys Asp Pro Ser Asn Leu Gln Gly Lys Val Gln
1 5 10 15

Lys His Gln Ala Phe Glu Ala
20

<210> SEQ ID NO 9

<21l> LENGTH: 32

<212>» TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 9

Gly Gln Lys Leu Ile Asp Val Asn His Tyr Ala Lys Asp Glu Val Ala
1 5 10 15

Ala Arg Met Asn Glu Val Ile Ser Leu Trp Lys Lys Leu Leu Glu 2Ala
20 25 30
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<210> SEQ ID NO 10

<211> LENGTH: 43

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 10

Glu Asp Ile Glu Leu Trp Leu Tyr Glu Val Glu Gly His Leu Ala Ser
1 5 10 15

Asp Asp Tyr Gly Lys Asp Leu Thr Asn Val Gln Asn Leu Gln Lys Lys
20 25 30

Hig Ala Leu Leu Glu Ala Asp Val Ala Ala His
35 40

<210> SEQ ID NO 11

«<211> LENGTH: 20

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<400> SEQUENCE: 11

Ala Gly Hisg Phe Asp Ala Glu Asn Ile Lys Lys Lys Gln Glu Ala Leu
1 5 10 15

Val Ala Arg Tyr
20

«<210> SEQ ID NO 12

«<211> LENGTH: 26

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 12

Thr Arg Ile Thr Lys Glu Ala Gly Ser Val Ser Leu Arg Met Lys Gln
1 5 10 15

Val Glu Glu Leu Tyr His Ser Leu Leu Glu
20 25

<210> SEQ ID NO 13

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 13

Leu Glu Lys Ser Cys Lys Lys Phe Met Leu Phe Arg Glu Ala 2Zsn Glu
1 5 10 15

Leu Gln Gln Trp Ile Asn Glu Lys Glu Ala Ala Leu Thr Ser Glu Glu
20 25 30

Val Gly Ala Asp Leu Glu Gln Val Glu Val Leu Gln
35 40

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221 NAME/KEY: MOD_RES

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 14

Glu Gly Leu Met Ala Glu Glu Val Gln Ala Val Gln Gln Gln Glu Xaa
1 5 10 15

Tyr

<210> SEQ ID NO 15

<211> LENGTH: 32

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

«<400> SEQUENCE: 15

Gly Met Met Pro Arg Asp Glu Thr Asp Ser Lys Thr Ala Ser Pro Trp
1 5 10 15

Lys Ser Ala Arg Leu Met Val His Thr Val Ala Thr Phe Asn Ser Ile
20 25 30

«<210> SEQ ID NO 16

«<211> LENGTH: 26

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<220> FEATURE:

«221> NAME/KEY: MOD_RES

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: Zny amino acid

<400> SEQUENCE: 16

Glu Gly Leu Met Ala Glu Glu Val Gln Ala Val Gln Gln Gln Glu Xaa
1 5 10 15

Tyr Gly Met Met Pro Arg Asp Glu Thr Asp
20 25

<210> SEQ ID NO 17

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 17

Ser Lys Thr Ala Ser Pro Trp Lys Ser Ala Arg Leu Met Val His Thr
1 5 10 15

Val Ala Thr Phe Asn Ser Ile
20

<210> SEQ ID NO 18

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
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<400> SEQUENCE: 18

Thr Glu Ile Asp Ala Arg Ala Gly Thr Phe Gln Ala Phe Glu Gln Phe
1 5 10 15

Gly Gln Gln Leu Leu Ala His Gly His Tyr Ala Ser Pro
20 25

<210> SEQ ID NO 19

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 19

Asn Thr Glu Asp Lys Gly Asp Ser Leu Asp Ser Val Glu Ala Leu Ile
1 5 10 15

Lys

«<210> SEQ ID NO 20

«211> LENGTH: 21

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<400> SEQUENCE: 20

Ser Val Glu Ala Leu Ile Lys Lys His Glu Asp Phe Asp Lys 2Zla Ile
1 5 10 15

Asn Val Gln Glu Glu
20

<210> SEQ ID NO 21

«<211> LENGTH: 25

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 21

Cys Glu Gln Ala Glu Asn Trp Met Ala Ala Arg Glu Ala Phe Leu Asn
1 5 10 15

Thr Glu Asp Lys Gly Asp Ser Leu Asp
20 25

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 22

Lys Ile Ala Ala Leu Gln Ala Phe Ala Asp Gln Leu Ile Ala Ala Gly
1 5 10 15

His Tyr Ala Lys
20

<210> SEQ ID NO 23

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 23

Ile Glu Arg Gly Ala Cys Ala Gly Ser Glu Asp Ala Val Lys Ala Arg
1 5 10 15

Leu Ala Ala Leu Ala Asp Gln Trp Gln Phe Leu Val Gln Lys
20 25 30

«<210> SEQ ID NO 24

«<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 24

Asp Phe Trp Leu Ser Glu Val Glu Ala Leu Leu Ala Ser Glu Asp Tyr
1 5 10 15

Gly Lys Asp Leu Ala Ser Val Asn
20

«<210> SEQ ID NO 25

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 25

Lys Asn Asn His His Glu Glu Asn Ile Ser Ser Lys Met Lys Gly Leu
1 5 10 15

Asn Gly Lys Val Ser Asp Leu Glu Lys
20 25

<210> SEQ ID NO 26

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<400> SEQUENCE: 26

Lys Thr Asp Asp Tyr Gly Arg Asp Leu Ser Ser Val Gln Thr Leu Leu
1 5 10 15

Thr

«<210> SEQ ID NO 27

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 27

Ala Leu Lys Asp Gln Leu Leu Ala Ala Lys His Val Gln Ser Lys
1 5 10 15
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36

<210> SEQ ID NO 28

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 28

Leu Thr Asp Pro Val Arg Cys Asn Ser Leu
1 5 10

<210> SEQ ID NO 29

«<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

«<400> SEQUENCE: 29

Synthetic

Synthetic

Leu Pro Thr Ala Phe Asp Tyr Val Glu Phe Thr Arg Ser Leu Phe Val

1 5 10 15

Asn

«<210> SEQ ID NO 30

«<211> LENGTH: 10

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 30

Arg Leu Lys Gly Leu Ala Leu Gln Arg Gln
1 5 10

«<210> SEQ ID NO 31

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 31

Leu Ala Ser Asp Val Ala Gly Ala Glu Ala Leu Leu Asp Arg
1 5 10

<210> SEQ ID NO 32

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 32

Gln Tyr Glu Gln Cys Met Asp Leu Gln Leu Phe Tyr
1 5 10

<210> SEQ ID NO 33

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

Synthetic

Synthetic

Synthetic

Synthetic
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38

<400> SEQUENCE: 33

Ala Ala Glu Asp Val Lys Ala Lys Leu His Glu
1 5 10

<210> SEQ ID NO 34

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 34

Ala Glu 2Ala Leu Leu Lys Lys His
1 5

<210> SEQ ID NO 35

«<211> LENGTH: 7

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 35

Asp Ile Asn Lys Val Ala Glu
1 5

«<210> SEQ ID NO 36

«<211> LENGTH: 13

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 36

Arg Ser Gln Leu Leu Gly Ser Ala His Glu Val Gln Arg
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 37

Gly His Asp Leu Ala Ser Val Gln Ala Leu Gln
1 5 10

<210> SEQ ID NO 38

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 38

Arg Asp Leu Ala Ala Leu Gly Asp Lys Val Asn Ser
1 5 10

<210> SEQ ID NO 39

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 39

Met Leu Asp Gln Cys Leu Glu Leu Gln Leu Phe His Arg Asp
1 5 10

<210> SEQ ID NO 40

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<400> SEQUENCE: 40

Gly Lys Asp Leu Ala Ser Val Asn Asn Leu Leu Lys Lys His Gln Leu
1 5 10 15

Leu Glu Ala Asp Ile
20

«<210> SEQ ID NO 41

«<211> LENGTH: 18

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

«<400> SEQUENCE: 41

Leu Glu Ala Glu Leu Ala Ala His Glu Pro Ala Ile Gln Gly Val Leu
1 5 10 15

Asp Thr

«<210> SEQ ID NO 42

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 42

Ile Gln Gln Arg Leu Ala Gln Phe Val Glu His
1 5 10

<210> SEQ ID NO 43

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 43

Trp Lys Ala Asp Val Val Glu Ser
1 5

<210> SEQ ID NO 44

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
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42

-continued

<400> SEQUENCE: 44
Ala Leu Ile Leu Asp Asn
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 45

LENGTH: 48

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (25)..(25)

OTHER INFORMATION: 2Any amino acid

<220>
<221>
<222>
<223>
<400> SEQUENCE: 45

Asn Lys Val Ala Glu Asp Leu Glu Ser Glu Gly Leu Met
1 5 10

Val Gln Ala Val Gln Gln Gln Glu Xaa Tyr
20 25

Gly Met Met

Glu Thr Asp Ser Lys Thr Ala Ser Pro Trp
35 40

Lys Ser Ala
45

Ala

Pro
30

Arg

Artificial Sequence: Synthetic

Glu Glu
15

Arg Asp

Leu Met

The invention claimed is:

1. A method for determining if a patient infected by Plas-
modium falciparum is likely to have cerebral malaria, com-
prising measuring, in a blood, plasma, serum, or cerebrospi-
nal fluid sample from said patient, a level of auto-antibodies
directed against an o chain of non-erythroid spectrin, by
putting said sample into contact with a fragment of the o
chain of non-erythroid spectrin spanning from amino acid
1139 to amino acid 2472 of said protein, and measuring the
level of auto-antibodies reacting with said fragment of the o
chain of non-erythroid spectrin by immunoassay, wherein a
level of auto-antibodies recognizing the . chain of non-ervth-
roid spectrin which is higher than the level of auto-antibodies
recognizing the same which is statistically observed in
patients infected by Plasmodium faiciparum but not suffering
from cerebral malaria, is indicative of cerebral malaria in the
patient.

2. The method according to claim 1, wherein said auto-
antibodies are G immunoglobulins (IgG).

30

35

40

3. The method of claim 1, wherein said immunoassay is an
enzyme-linked immunosorbent assay (ELISA), a flow
cytometry immunoassay, an immunocapture assay, and/or an
immunochromatographic assay.

4. The method of claim 1, wherein said immunoassay is an
immunocapture assay, in which the auto-antibodies directed
against the o chain of non-erythroid spectrin are captured by
an antibody directed against human immunoglobulin, and
then labelled with a labelled fragment spanning from amino
acid 1139 to amino acid 2472 of non-erythroid spectrin.

5. The method according to claim 1, which further com-
prises a step of measuring a concentration of TNFa in a
biological sample, wherein a level of TNFa. which is higher
than the level of TNFo which is statistically observed in
patients infected by Plasmodium falciparum but not suffering
from cerebral malaria in the patient, is indicative of cerebral
malaria.
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