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Abstract—Adherence of Plasmodium falciparum-infected erythrocytes (IE) to the venular endothelium
in brain and other organs is characteristic of cerebral malaria, an often fatal complication in infected
individuals. It has been shown that cytoadherence may be mediated through interaction of IE with
glycoproteins on host target cell surfaces, including CD36 (GPIV), intercellular adhesion molecule-1
(ICAM-1), and thrombospondin. Inhibitors of glycoprotein synthesis and processing were tested for
their abilities to decrease IE adherence to C32 human melanoma cells. The a-glucosidase inhibitor,
castanospermine, was effective in disrupting cytoadherence in vitro when incubated with C32 cells (1c5, =
600-700 pM). Castanospermine-6-butyrate was even more effective than the parent compound (i1Cs =
9 uM) in disrupting cytoadherence. The mannosidase inhibitors, swainsonine and deoxymannojirimycin,
had no effect on cytoadherence at concentrations up to 2 mM. No effect on cytoadherence was observed
when the glucosidase and mannosidase inhibitors were incubated with IE rather than the C32 celi
cultures. The level of CD36 on the C32 cell surface was decreased as measured by fluorescence-activated
cell sorting (FACS}) analysis with the same inhibitors which inhibited cytoadherence. Cells labeled with
fluorescein isothiocyanate (FITC) OKMS monoclonal antibody, which recognizes CD36 and disrupts
cytoadherence, showed decreased fluorescence when treated with tunicamycin and castanospermine-6-
butyrate but not when treated with swainsonine or deoxymannojirimycin. ICAM-1 levels, as measured
by surface labeling of C32 cells with FITC CD54 monocional antibody, were decreased in cells treated
with tunicamycin. However, incubation of cells with castanospermine-6-butyrate or deoxymanno-
jirimycin decreased cell surface ICAM-1 levels only slightly. These findings suggest that (1) in C32 cells,
levels of cell surface CD36, and not ICAM-1, change proportionally to the level of cytoadherence; (2)
drugs which can affect the carbohydrate moiety of cellular glycoproteins decrease cytoadherence of IE
to C32 cells; and (3) protection against the development of cerebral malaria may be possible with

inhibitors of glycoprotein biosynthesis.

Sequestration of Plasmodium falciparum-infected
erythrocytes (IE+) in brain venular endothelium is
a contributing factor in the development of cerebral
malaria {1], a condition in which patients exhibit
neurological dysfunction, including stupor, coma,
and death in advanced cases. Trophozoite- and
schizont-infected erythrocytes bind to endothelial
cells in venules of some of the host’s organs, including
brain, heart, lung, and kidney. Cytoadherence of IE
to host endothelial cells may be advantageous to the
parasite in avoiding clearance in the spleen and in
providing a growth environment with less oxidative
stress {see Ref. 2 for a review).

Cytoadherence involves complex interactions
between cell surface components on the host target
cell and the IE. Three glycoproteins, CD36 (GPIV)
[3-7], intercellular adhesion molecule-1 (ICAM-1)
[8], and thrombospondin [4, 9], on target cells have
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been shown to mediate or assist in the cytoadherence
process. In contrast, the IE cell surface protein(s)
involved in cytoadherence has not been well
characterized, although a family of high molecular
weight IE plasma membrane proteins, synthesized
only by cytoadherent strains of P. falciparum is one
of the most likely candidates for mediating
cytoadherence [10, 11]. There is also evidence that
some P. falciparum strains may convert band 3 of
the erythrocyte cytoskeleton into a cytoadherence
mediating protein [12}.

Since glycoproteins are involved in the cell—cell
interaction between IE and host target cells, it was
logical that cytoadherence could be perturbed by
inhibition of glycoprotein synthesis or processing. In
fact, we have shown that treatment of C32 cells with
tunicamycin, an inhibitor of the first step of
glycoprotein synthesis, dramatically decreases
cytoadherence of IE [13]. However, inhibitory
effects of tunicamycin can be misleading as the
compound is cytotoxic and may lead to inhibition of
general protein synthesis as a secondary effect upon
prolonged treatment [14]. Here we show that
cytoadherence of IE to C32 human melanoma cells
decreased when the C32 cells were incubated with
a-glucosidase but not mannosidase inhibitors, and
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that this decreased cytoadherence was correlated
with a reduction in the surface expression of CD36.

MATERIALS AND METHODS

Chemicals. [*H]Hypoxanthine (1-10 Ci/mmol)
was purchased from Dupont-New England Nuclear,
Boston, MA; OKMS3, monoclonal antibody (FITC
conjugated), from Ortho Diagnostics, Raritan,
NJ; and CD54, monoclonal antibody, clone 84H10
(FITC conjugated), from AMAC Inc., Westbrook,
ME. Swainsonine, deoxynojirimycin, and deoxy-
mannojirimycin were obtained from Sigma, St.
Louis, MO. Castanospermine and the esters of
castanospermine were prepared at the Marion
Merrell Dow Research Institute [15].

Cell culture. Human C32 amelanotic melanoma
cells (American Type Culture Collection No. CRL
1585, Rockville, MD) were maintained at 37° in a
5% CO, atmosphere in RPMI 1640 medium
containing 25 mM HEPES, 50 ug/mL hypoxanthine
and 10% fetal bovine serum (GIBCO, Grand Island,
NY ). C32 cells were seeded onto coverslips at about
5000 cells/cm? for cytoadherence assays.

P. falciparum culture. P. falciparum strain 1TG2
(Brazil, provided by Dr. I. J. Udeinya, Walter Reed
Army Institute of Research, Washington, DC) was
cultured in vitro in human erythrocytes (type 0*) at
a 6% hematocrit in RPMI 1640 supplemented with
25mM HEPES, 50 ug/mL hypoxanthine, 0.2%
sodium bicarbonate, and 10% human serum
(Worldwide Biologicals, Cincinnati, OH) at 37°in a
3% 0,:5% C0,:92% N, atmosphere | 16]. Parasitized
erythrocytes were selected for cytoadherence to C32
cells every 2-3 weeks as described by Magowan et
al. [11].

Cytoadherence assay. Binding of [3H]hyp-
oxanthine-labeled infected erythrocytes was
measured as described [13]. Briefly, infected
erythrocytes (2-6% parasitemia) were labeled in
hypoxanthine-free culture medium containing 5 uCi/
mL [*H]hypoxanthine for 18-20hr prior to the
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binding assay. Unincorporated [*H]hypoxanthine
was removed from IE with three washes in growth
medium (minus serum), and the resulting washed
IE were enriched for trophozoite- and schizont-form
parasites with Plasmagel (Cellular Products, Inc.,
Buffalo, NY) [17]. The enriched cultures were
diluted in growth medium (pH 7.0) to approximately
106cpm of [*H]hypoxanthine/mL and adjusted
to 1% hematocrit using unlabeled, uninfected
erythrocytes. This IE suspension (0.5 mL) was added
to coverslips seeded with C32 cells in 12-well cluster
plates (Corning, Wexford, PA). Binding was carried
out at 37° for 60 min with shaking of the dishes at
15-min intervals to resuspend settled erythrocytes.
At the end of the incubation period, unbound
erythrocytes were washed from the cultures by
dipping the coverslips in culture medium (minus
serum). The coverslips were transferred directly to
vials, and Ready Protein® (Beckman, Fullerton,
CA) was added. Quadruplicate coverslips were
counted for each data point. Alternatively, some
coverslips were stained with Giemsa, mounted on
slides, and visually scored as described previously
[18].

Fluorescence-activated cell sorting. C32 cells were
seeded and cultured as for cytoadherence assays,
and then incubated with the indicated drugs for
72 hr. The cultures were washed with serum-free
medium or phosphate-buffered saline (PBS; 137 mM
NaCl, 3 mMKCl, 16 mM Na,HPO,, 2 mM KH,PQ,)
three times and then incubated with either FITC
conjugated OKMS5 (anti-CD36) or CD54 (anti-
ICAM-1) monoclonal antibodies, or with an FITC
conjugated IgG1 control antibody for 1hr on ice.
The cultures were washed with PBS three times and
then removed from the wells by scraping with a
rubber policeman. The detached cells were pelleted
at 3000 g for 2 min at 4°, and resuspended in 0.1%
paraformaldehyde. Labeled cells were analyzed on
a Coulter Epics C flow cytometer equipped with an
argon ion laser, at 488 nm as described previously
[19]. A minimum of 10* cells was analyzed for each

Table 1. Inhibition of cytoadherence: Relative potency of a-glucosidase and mannosidase

inhibitors
MDL
Compound* No. Specificityt ICsp (uM)
Castanospermine NA% a-Glucosidase 1 640
Castanospermine-6-butyrate 28574 a-Glucosidase I 9
Castanospermine-6-benzoate 43305 a-Glucosidase [ 150
Deoxynojirimycin NA a-Glucosidases I and 11 ~2000§
Deoxymannojirimycin NA Mannosidase 1 >2000
Swainsonine NA Mannosidase 11 >2000

* C32 cells were seeded as described in Materials and Methods, incubated with various
levels of the indicated compounds for 72 hr, and assayed for cytoadherence of Plasmodium

falciparum-infected erythrocytes.

t Specificities and structures for castanospermine, deoxynojirimycin, deoxymannojirimycin.
and swainsonine are reviewed in Elbein [14]. The structures of the castanospermine esters,
along with their relative inhibition of cellular a-glucosidase activity, have been described

[15,20].
i NA, not applicable.

§ Deoxynojirimycin inhibited cytoadherence 40% at 2000 uM.
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Fig. 1. Time dependence of inhibition of cytoadherence by

MDL 28574. C32 cells were incubated with castano-

spermine-6-butyrate (MDL 28574) at the indicated

concentrations for 24 hr (@), 48 hr (O), and 72 hr (W), and

cytoadherence was measured by counting Giemsa stained

slides as described in Materials and Methods. The control
value was 810 IE bound/100 melanoma cells.

sample. Photomicrographs (phase contrast and
fluorescence) of C32 cells incubated with OKMS and
CD54 monoclonal antibodies were taken on an
Olympus BH2-RFL equipped for reflected light
fluorescence, using an EY 455 exciter filter.

RESULTS

Decrease of cytoadherence of IE to C32 cells by
a-glucosidase inhibitors. Previously, we have shown
that cytoadherence of IE to C32 melanoma cells can
be decreased by incubation of C32 cells with the
glycoprotein synthesis inhibitor tunicamycin [13].
Incubation of the melanoma cells with the a-
glucosidase inhibitor castanospermine also decreased
cytoadherence (Table 1). Another a-glucosidase
inhibitor, deoxynojirimycin, inhibited binding by
40% when C32 cells were incubated with a 2 mM
concentration of the compound. The mannosidase
inhibitors swainsonine and deoxymannojirimycin
(up to 2mM) had no effect on cytoadherence.
Neither the a-glucosidase nor the mannosidase
inhibitors had any effect on cytoadherence when
incubated with ITG2 strain P. falciparum-infected
erythrocytes (IE) rather than the C32 cells (data not
shown). Several castanospermine esters, which have
been shown to inhibit glucosidase I activity in a
whole cell assay [20], were tested for their
effectiveness in decreasing cytoadherence when
incubated with C32 melanoma cells. One of the most
effective compounds tested was the castanosper-
mine-6-butyrate (MDL 28574) derivative which
was about seventy-one times more effective than
castanospermine. Relatively long-term incubations
were required for these compounds to inhibit
cytoadherence of IE to C32 cells. Figure 1 shows
that a 72-hr incubation of C32 cells with several
concentrations of MDL 28574 (the -6-butyrate de-
rivative) was more effective than a 24- or 48-hr
incubation with the same concentrations of the drug.
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Decreases of OKMS antigen (CD36) in a-
glucosidase-treated C32 cells. To measure the effect
glycoprotein synthesis and processing inhibitors had
on the cell surface expression of CD36 and ICAM-
1, FITC conjugated monoclonal antibodies directed
against these proteins were used to label control and
drug-treated C32 cells. Figure 2 shows representative
photomicrographs (phase contrast and fluorescence)
of C32 cells showing the labeling of the cells by
OKMS (anti-CD36) and CD54 (anti-ICAM-1)
monoclonal antibodies. The pattern of OKMS5
antibody labeling was heterogeneous for control
cultures in that most cells were stained. However,
the level of fluorescence for each cell was variable
(Fig. 2B, some bright, some faint). Cytoadherence
to C32 cells was also heterogeneous, in that some
cells bound many IE, whereas other cells bound
only a few or no IE. The cells were stained more
uniformly and more intensely with the ICAM-1
antibody than with the CD36 antibody (Fig. 2D).

The percentage of untreated and drug-treated
(tunicamycin, castanospermine, castanospermine-6-
butyrate, and deoxymannojirimycin) cells that were
tagged with the antibody was determined by
fluorescence-activated cell sorting (FACS). A
nonspecific control FITC conjugated IgG1l mono-
clonal antibody gave no significant signal above the
intrinsic fluorescence levels for cells not incubated
with any monoclonal antibody. About 74% of the
untreated C32 cells were tagged with FITC OKM5
(Table 2, Fig. 3). Incubation of C32 cells with
tunicamycin or castanospermine-6-butyrate (MDL
28574) decreased the level of staining with OKMS
82 and 68%, respectively. Increasing concentrations
of castanospermine-6-butyrate reduced the per-
centage of C32 cells expressing OKMS5 in a
concentration-dependent manner. In contrast,
deoxymannojirimycin had no effect on OKMS
binding, similar to its lack of inhibition of
cytoadherence. Swainsonine, another mannosidase
inhibitor, had no effect on the percentage of C32
cells expressing cell surface CD36 (data not shown).
Greater than 90% of the untreated C32 cells were
labeled with the CD54 antibody (Table 3, Fig. 4).
Cells treated with tunicamycin (1 ug/mL) had
decreased the levels of the [CAM-1 epitope on the
cell surface by about 80%. However, incubation of
C32 cells with the glycoprotein processing inhibitors
appeared to have very little effect on the level of
ICAM-1 antibody staining. Castanospermine-6-
butyrate (500 pM) and deoxymannojirimycin (1 mM)
each maximally decreased ICAM-1immunoreactivity
by only about 15%.

To assess the effects of the inhibitors on cell
growth, incorporation of [*H]thymidine by C32 cells
incubated with the drugs was measured. Only
tunicamycin, of the drugs used for the experiments
described in Tables 2 and 3, markedly affected
incorporation of [*H]thymidine into DNA for treated
C32 cells (tunicamycin at 1ug/mL inhibited
incorporation 85% after a 72-hr incubation).

DISCUSSION

It has been demonstrated recently that cytoadher-
ence of IE to host target cells is mediated by one or
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Fig. 2. Immunofluorescence staining of C32 cells with FITC conjugated OKMS5 and CD54 monoclonal

antibodies. Phase contrast and fluorescence photomicrographs for OKMS (anti-CD36. A and B) and

CD54 (anti-ICAM-1, C and D) are shown. All photographs were taken at the same magnification. Bar.
50 um.

Table 2. Effects of castanospermine-6-butyrate, deoxymannojirimycin, and tunicamycin
on OKMS antigen (CD36) expression in C32 cells

Concentration No. cells
Treatment (uM) OKMS5- 9% Control
None 7420 (100)
Castanospermine-6-butyrate 10 6480 87.3
50 3820 51.5
500 2400 324
Deoxymannojirimycin 1000 6870 92.6
Tunicamycin 1.1 1300 17.5

C32 cells were treated with the indicated drugs for 72 hr prior to harvest, incubated
with FITC conjugated OKM5 monoclonal antibody. and analyzed by flow cytometry as

described in Materials and Methods (10* cells were counted for each sample).

more glycoproteins on the target cell surface,
including CD36, ICAM-1, and thrombospondin {2].
It is possible that some combination of these
glycoproteins is responsible for determining the
tissue distribution of sequestration of the parasites
in vivo. Although these glycoproteins have been
identified as mediators of cell—cell interactions, little
is known regarding the features of these proteins
which are critical to their role in cytoadherence.
Previously, others have shown that high levels of
amino sugars can inhibit cytoadherence of IE to C32

cells [21]. suggesting that the carbohydrate portion
of the protein is important for cytoadherence.
However, the high concentrations of amino sugars
(50 mM) required for inhibition make it unclear
whether a lectin-like interaction or a general charge
interaction is affected. Here we have shown that
specific interference with glycoprotein synthesis and/
or processing in the target cells with a-glucosidase,
but not mannosidase, inhibitors, disrupts cytoadher-
ence of IE.

Although cytoadherence was inhibited. a relatively
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Fig. 3. Effect of glycoprotein processing inhibitors on cell
surface expression of CD36 (OKMS5 antigen). C32 cells
were incubated for 72 hr with drugs indicated in each panel.
The cultures were then incubated with monoclonal
antibody, OKMS5, and processed for flow cytometry as
described in Materials and Methods. The abbreviations
used are: MDL 28574, castanospermine-6-butyrate; tunic.,
tunicamycin; and deoxyman., deoxymannojirimycin.

long exposure of the target cells to the drug was
required for the inhibition to reach maximum levels.
This finding suggested that the glycoprotein receptors
turn over slowly and that cell division may be
necessary for dilution of the unmodified receptors.
Primary cultures of human monocytes have also
been shown to bind IE and represent an example of
anon-dividing cellin which to examine cytoadherence
[5]. Castanospermine and castanospermine analogs
were ineffective in decreasing cytoadherence of IE
to treated monocytes when the monocytes were
incubated for up to a week at the concentrations
shown here to be effective with C32 cells (Wright
PS, Cross-Doersen DE and Bitonti AJ, unpublished
results). This finding indicates that the turnover of
the glycoproteins mediating cytoadherence is slow,
and that cell division is probably required for the a-
glucosidase inhibitors to be effective.

The glucosidase and mannosidase inhibitors had
no effect on cytoadherence when incubated with IE
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rather than the C32 cells. Uninfected and infected
erythrocytes took up radiolabeled castanospermine-
6-benzoate (MDL 43305) to about the same extent
as C32 cells when differences in cell volume were
considered (Wright PS, Cross-Doersen DE and
Bitonti AJ, unpublished observations). This suggests
either that interference with P. falciparum gly-
coprotein processing has no effect on cytoadherence
or that the enzymes involved in glycoprotein
processing in the parasites are not affected by these
compounds. Infected erythrocytes treated with
a variety of glycosidases (e.g. neuraminidase,
endoglycosidase F, §-galactosidase, a-galactosidase,
and endo-B-galcatosidase) [22] are still able to bind
to C32 cells. In fact, it has been reported that
removal of sialic acid from the IE cell surface with
neuraminidase actually enhances cytoadherence to
C32 cells {22, 23]. In contrast, incubation of IE with
avariety of proteases was quite effective in destroying
the cytoadherence molecules on the IE cell surface
[22]. These previous findings plus the work described
here would seem to indicate that a specific
carbohydrate structure on the IE cell surface is
not important for cytoadherence, but that the
glycoproteins, in particular CD36, on the target cell
surface are important for IE sequestration.

OKMS staining decreased in qualitatively the same
manner as did cytoadherence. The presence of the
OKMS antigen correlates with the ability of human
melanoma cells to bind IE [24]. Tunicamycin and
a-glucosidase inhibitors, but not mannosidase
inhibitors, decreased cell surface levels of CD36, the
OKMS5 antigen. In contrast, ICAM-1 on the cell
surface was not affected qualitatively or quantitatively
in the same manner as CD36 or cytoadherence.
Quantitatively, cytoadherence was more sensitive to
the castanospermine esters than was the cell surface
level of CD36. The level of castanospermine-6-
butyrate required to decrease the immuno-
fluorescence 50% was about five times greater than
the I1Csp for cytoadherence. It may be that the
determinants for cytoadherence are perturbed more
easily than are the determinants for OKMS binding
to the cell surface. This may be true if two or more
glycoproteins interact intracellularly to create a site
for binding of IE, as has been shown in other systems
for the neural adhesion molecules, L1 and N-CAM
[25]. The functional cooperativity of these proteins
(cis interactions within the same cell membrane) can
be decreased in cells treated with a-glucosidase
inhibitors, but not mannosidase inhibitors. Perhaps
some cooperativity of target cell surface receptor
proteins important for IE cytoadherence is affected
by interference with glycoprotein synthesis.

Administration of castanospermine can have side
effects due to the activity of the drug against the
host. For instance, glycogen levels decrease and its
subcellular localization is altered in the liver of rats
injected with high doses of castanospermine (500
1000 mg/kg body weight) [26]. However, Ruprecht
et al. [27] found that high castanospermine
doses (400 mg/kg) are tolerable in animals when
adminsitered orally rather than injected and that
these levels of drug are somewhat effective against
Raucher murine leukemia virus in vivo. We show
here that MDL 28574 is about seventy times more
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Table 3. Effects of castanospermine-6-butyrate, deoxymannojirimycin, and tunicamycin
on CD54 antigen (ICAM-1) expression in C32 cells
Concentration No. cells
Treatment (uM) CD54* % Control
None 9620 (100)
Castanospermine-6-butyrate 100 7450 77.4
500 8100 84.2
Deoxymannojirimycin 1000 8150 84.7
Tunicamycin 1.1 2140 222
C32 cells were treated with the indicated drugs for 72 hr prior to harvest, incubated
with FITC conjugated CD54 monoclonal antibody, and analyzed by flow cytometry as
described in Materials and Methods (10* cells were counted for each sample).
32 . . . . . castanospermine derivative for up to 2 weeks with
2 A. CONTROL no noticeable side effects. The lower dose of the
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Fig. 4. Effect of glycoprotein processing inhibitors on cell
surface expression of ICAM-1 (CD54 antigen). C32 cells
were incubated for 72 hr with the drugs indicated in each
panel. The cultures were then incubated with monoclonal
antibody, CD54, and processed for flow cytometry as
described in Materials and Methods. The abbreviations
used are: MDL 28574, castanospermine-6-butyrate; tunic.,
tunicamycin; and deoxyman., deoxymannojirimycin.

effective than castanospermine in inhibiting P.
falciparum-infected erythrocyte cytoadherence with
human melanoma cells. Sunkara er al. [20] have
shown that this derivative is also about forty
times more effective in vitro against the human
immunodeficiency virus and state that mice are able
to tolerate daily doses of 200mg/kg of the

-6-butyrate analog required for these activities in
vitro suggests that potentially effective doses would
be within the so-called “tolerable” levels of cas-
tanospermine and MDL 28574 reported previously
[20,27]. Joubert et al. [28] describe the use of a 1-
deoxynojirimycin derivative, another inhibitor of a-
glucosidase, in humans to treat type II diabetes
mellitus with no reported adverse side effects in a
short-term study.

The slow response to the compounds may preclude
their effectiveness as chemotherapeutic agents, but
the more potent compounds may have some
prophylatic applications for travelers or for indi-
viduals that have moved from a non-malarious region
into an area where malarial infections are prevalent.
These individuals represent one of the highest risk
groups for developing cerebral malaria from P.
falciparum infections [29], perhaps because they
have little or no immunological resistance to
infection. It has been shown that antibodies from
some individuals who have developed immunity to
P. falciparum can reverse cytoadherence in vitro
and in vivo {23], and therefore the lack of any such
antibodies may increase the potential risk for an
individual developing cerebral malaria. Cas-
tanospermine analogs or other inhibitors of gly-
coprotein synthesis might provide a high enough
degree of protection for such individuals to avoid
the severe complications of cerebral malaria.

REFERENCES

1. Phillips RE and Warrell DA, The pathophysiology of
severe falciparum malaria. Parasitol Today 2: 271-282,
1986.

2. Howard RJ and Gilladoga AD, Molecular studies
related to the pathogenesis of cerebral malaria. Blood
74: 2603-2618, 1989.

3. Barnwell JW, Ockenhouse CF and Knowles DM II,
Monoclonal antibody OKMS inhibits the in vitro binding
of Plasmodium falciparum-infected erythrocytes to
monocytes, endothelial, and C32 melanoma cells. J
Immunol 135: 3494-3497, 1985.

4. Barnwell JW, Asch AS, Nachman RL, Yamaya M,
Aikawa M and Ingravallo P, A human 88-kD membrane
glycoprotein (CD36) functions in vitro as a receptor
for a cytoadherence ligand on Plasmodium falciparum-
infected erythrocytes. J Clin Invest 84: 765-772, 1989.



10.

11.

12.

13.

14.

15.

16.

17.

Inhibition of P. falciparum cytoadherence

. Ockenhouse CF and Chulay JD, Plasmodium fal-

ciparum sequestration: OKMS antigen (CD36)
mediates cytoadherence of parasitized erythrocytes to
a myelomonocytic cell line. J Infect Dis 157: 584-588,
1988.

. Ockenhouse CF, Tandon NN, Magowan C, Jamieson

GA and Chulay JD, Identification of a platelet
membrane glycoprotein as a falciparum malaria
sequestration receptor. Science 243: 1469-1471, 1989.

. Oquendo P, Hundt E, Lawler J and Seed B, CD36

directly mediates cytoadherence of Plasmodium
falciparum parasitized erythrocytes. Cell 58: 95-101,
1989.

. Berendt AR, Simmons DL, Tansey J, Newbold CI and

Marsh K, Intercellular adhesion molecule-1 is an
endothelial cell adhesion receptor for Plasmodium
falciparum. Nature 341: 57-59, 1989.

. Roberts DD, Sherwood JA, Spitalnik SL, Panton LJ,

Howard RJ, Dixit VM, Frazier WA, Miller LH and
Ginsburg V, Thrombospondin binds falciparum malaria
parasitized erythrocytes and may mediate cytoadher-
ence. Nature 318: 6466, 1985.

Howard RJ, Malarial proteins at the membrane of
Plasmodium falciparum-infected erythrocytes and their
involvement in cytoadherence to endothelial cells. Prog
Allergy 41: 98-147, 1988.

Magowan C, Wollish W, Anderson L and Leech J,
Cytoadherence by Plasmodium falciparum-infected
erythrocytes is correlated with the expression of a
family of variable proteins on infected erythrocytes.
J Exp Med 168: 1307-1320, 1988.

Winograd E and Sherman IW, Characterization of a
modified red cell membrane protein expressed on
erythrocytes infected with the human malaria parasite
Plasmodium falciparum: Possible role as a cytoadher-
ence mediating protein. J Cell Biol 108: 23-30, 1989.
Wright PS, Cross-Doersen D, McCann PP and Bitonti
Al, Plasmodium falciparum: A rapid assay for
cytoadherence of [*H]hypoxanthine-labeled infected
erythrocytes to human melanoma cells. Exp Parisitol
71: 346-349, 1990.

Elbein AD, Inhibitors of the biosynthesis and processing
of N-linked oligosaccharide chains. Annu Rev Biochem
56: 497-534, 1987.

Liu PS, Hoekstra WJ and King C-HR, Synthesis of
potent anti-HIV agents: Esters of castanospermine.
Tetrahedron Lett 31: 2829-2832, 1990.

Trager W and Jensen JB, Human malarial parasites in
continuous culture. Science 193: 673-675, 1976.
Jensen JB, Concentration from continuous culture of

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

1861

erythrocytes infected with trophozoites and schizonts
of Plasmodium falciparum. Am J Trop Med Hyg 27:
1274-1276, 1978.

Udeinya IJ, Schmidt JA, Aikawa M, Miller LH and
Green I, Falciparum malaria-infected erythrocytes
specifically bind to cultured human endothelial cells.
Science 213: 555-557, 1981.

Bowlin TL, McKown BJ, Kang MS and Sunkara PS,
Potentiation of human lymphokine- activated killer cell
activity by swainsonine, an inhibitor of glycoprotein
processing. Cancer Res 49: 41094113, 1989.

Sunkara PS, Taylor DL, Kang MS, Bowlin TL, Liu
PS, Tyms AS and Sjoerdsma A, Anti-HIV activity of
castanospermine analogues. Lancet ii: 1206, 1989.
Singh B, Monsigny M and Hommel M, Amino-sugars
inhibit the in vitro cytoadherence of Plasmodium
falciparum-infected erythrocytes to melanoma cells.
Mol Biochem Parasitol 23: 47-53, 1987.

Sherman IW and Valdez E, In vitro cytoadherence
of Plasmodium falciparum-infected erythrocytes to
melanoma cells: Factors affecting adhesion. Para-
sitology 98: 359-369, 1989.

David PH, Hommel M, Miller LH, Udeinya 1J and
Oligino LD, Parasite sequestration in Plasmodium
falciparum malaria: Spleen and antibody modulation
of cytoadherence of infected erythrocytes. Proc Natl
Acad Sci USA 80: 5075-5079, 1983.

Panton LJ, Leech JH, Miller LH and Howard RJ,
Cytoadherence of Plasmodium falciparum-infected
erythrocytes to human melanoma cell lines correlates
with surface OKMS antigen. Infect Immun 55: 2754~
2758, 1987.

Kadmon G, Kowitz A, Altevogt P and Schachner M,
Functional cooperation between the neural adhesion
molecules L1 and N-CAM is carbohydrate dependent.
J Cell Biol 110: 209-218, 1990.

Saul R, Ghidoni JJ, Molyneux RJ and Abein AD,
Castanospermine inhibits a-glucosidase activities and
alters glycogen distribution in animals. Proc Natl Acad
Sci USA 82: 93-97, 1985.

Ruprecht RM, Mullaney S, Andersen J and Bronson
R, In vivo analysis of castanospermine a candidate
antiretroviral agent. J Acquir Immune Defic Syndr 2:
149-157, 1989.

Joubert PH, Bam WJ and Manyane N, Effect of an
alpha-glucosidase inhibitor (BAY m 1099) on post-
prandial blood glucose and insulin in Type II diabetics.
Eur J Clin Pharmacol 30: 253-255, 1986.

Endeshaw Y and Assefa D, Cerebral malaria. Factors
affecting outcome of treatment in a suboptimal clinical
setting. J Trop Med Hyg 93: 44-47, 1990.



