
crystals to contain ICRF-154 (Fig. lb), 
not bimolane, and indicates that ICRF- 
154 may be the active agent in test re- 
sults attributed to bimolane. 

Two samples of bimolane, one (sample 
NA) synthesized in China and the other 
(NB) in the United States, were received 
from the Drug Synthesis and Chemistry 
Branch, National Cancer Institute. Crys- 
tals were obtained from both samples by 
solvent evaporation in dimethyl sulfox- 
ide, in 95 percent ethanol, and in mix- 
tures of acetone and water; all crystals 
gave identical x-ray diffraction patterns. 
Crystal data are as follows: monoclinic, 
a = 5.633 A,  b = 16.786 A, c = 7.044 
A, p (angle between a and c)  = 122.37", 
and space group P2,Ic, with two mole- 
cules in the unit cell (one-half molecule 
composing the asymmetric unit). Densi- 
ty considerations indicated that the crys- 
tals could not contain molecules the size 
of bimolane, and we undertook a struc- 
ture determination to ascertain the com- 
position of the crystals. 

X-ray diffraction data were collected 
on an automated four-circle diffractom- 
eter with Cu radiation; there were 713 
observed maxima [intensity (4 > 3u(4] 
in the range 0 < 20 (dispersion an- 
gle) < 130". The structure was solved by 
direct phasing procedures and refined by 
anisotropic full-matrix least squares to a 
final discrepancy index of 0.046. The 
results are shown in Fig. 2: the molecular 
structure is that of 1,2-bis(3,S-dioxopi- 
perazin-1-y1)ethane (ICRF-154), a struc- 
tural component of bimolane and a sub- 
stance which has been shown previously 
to possess antitumor activity (4). 

It was important to determine whether 
the ICRF-154 crystals were a conse- 
quence of bimolane decomposition dur- 
ing the crystallization procedures or 
whether the presence of ICRF-154 is an 
inherent property of the samples. The 
latter possibility is suggested by the iden- 
tity of the crystals obtained from various 
solvent systems under different condi- 
tions and by melting point data (213" to 
217°C for sample NA and 198" to 203°C 
for sample NB, compared to 236' to 
239°C quoted on the product information 
sheet from NCI). Subsequently, 300- 
MHz nuclear magnetic resonance data 
obtained for these samples and others by 
an independent contractor were inter- 
preted as indicating that all samples con- 
tained 33 to 40 percent impurities (5). 

Evaluation of bimolane for anticancer 
activity by the NCI tumor panel indicat- 
ed high activity against B16 melanoma 
and L1210 leukemia and moderate activi- 
ty against P388 leukemia. On being noti- 
fied of our structural results, NCI ascer- 
tained that ICRF-154 had been tested 

a antitumor activity ascribed to it may be 
attributable to ICRF-154. In addition, 
since bimolane has been reported to 
be effective in the treatment of psoriasis 

b and uveitis (I), it may be useful to test 
ICRF-154 for chemotherapeutic activity 
against these conditions. 

The conformational characteristics 
and molecular parameters of ICRF-154 

Fig. 1 .  Molecular structure of bimolane (a) are similar to those observed in other 
and of ICRF-154 (b). diketopiperazines we have structurally 

elucidated (3). Structural parameters for 
the compound are available (6). 
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Cell Surface Changes Associated with Cellular Immune 
Reactions in Drosophila 

Abstract. In Drosophila melanogaster a temperature-induced change in immune 
competence accompanies cell surface alterations that cause its blood cells to adhere 
and to encapsulate a parasite. At 29°C the blood cells of the tumorous-lethal ( ~ u m ' )  
mutant show a high degree of immune competence and encapsulate the eggs of the 
parasitic wasp Leptopilina heterotoma. At 21°C the blood cells are essentially 
immune incompetent. High percentages of lectin binding cells were found under 
conditions which potentiated cellular encapsulation responses. Some immune reac- 
tive blood cells did not bind lectin. The low percentages of lectin binding cells in 
susceptible hosts suggest that developing parasites alter the cell surface of the blood 
cells of immune reactive hosts. 

Unlike vertebrates, insects and other 
invertebrates lack immunoglobulin-like 
recognition molecules and yet manifest a 
high degree of specificity in their im- 
mune responses against a diversity of 
nonself components (1 ). Unfortunately, 
little is understood of the mechanisms of 
nonself recognition in insects. This kind 
of information, which is available for 
only a few insect species, is important 
since many disease causing agents that 

debilitate humans live for various peri- 
ods of time in the body cavities of their 
insect vectors. For these and other endo- 
parasites to develop unmolested within 
potentially immunologically hostile envi- 
ronments, they must be able to evade 
detection or actively suppress the de- 
fense mechanisms of their hosts (2). A 
basic understanding of how hosts identi- 
fy nonself components requires knowl- 
edge of the types of immune competent 
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cells and of the mechanisms that regulate 
their production and differentiation un- 
der various pathological conditions. 

In larvae of Drosophila rnelanogaster, 
the lamellocytes, and to a lesser degree 
the plasmatocytes from which they dif- 
ferentiate, are the immune reactive 
blood cells (hemocytes) which effective- 
ly encapsulate objects too large to be 
phagocytized by individual cells (3, 4). 
During encapsulation large numbers of 
lamellocytes are produced which adhere 
to one another and to foreign surfaces to 
form compact, multilayered capsules 
that melanize. In larvae of the tumorous 
lethal (Turn') mutant the aberrant blood 
cell-forming organs (lymph glands) fail 
to respond to normal endocrine regula- 
tion and consequently produce large 
numbers of lamellocytes that function 
abnormally in circulation and encapsu- 
late various endogenous tissues to form 
melanotic tumors (5). The mutation is 
temperature-sensitive, with maximum 
gene expression at 29OC. Investigations 
of the cellular immune ca~abilities of 
Turn' larvae against the parasite Leptopi- 
lina heterotorna showed that, despite the 
presence of sufficient numbers of lamel- 
locytes at the time of infection, the blood 
cells were highly immune reactive only 
at 29°C (approximately 70 percent para- 
site encapsulation), and virtually im- 
mune incompetent at 21°C ( 4  percent 
parasite encapsulation) (6). 

Since temperature induces a change in 
the immune competence of Turn' hemo- 
cytes, the plasma membranes of the cells 
participating in capsule formation may 
be modified to facilitate their adhesion to 
one another and to foreign objects such 
as parasites. Conversely, blood cells not 
involved in encapsulation may lack the 
specific surface properties of cells that 
adhere to form hemocytic capsules. To 
test the hypothesis that encapsulating 
hemocytes acquire altered surfaces in 
their differentiation, we studied the lec- 
tin binding properties of Turn' blood cells 
at 21" and 29OC, and in both parasitized 
and nonparasitized larvae. Lectins, 
which bind specifically to certain sugar 
moieties exposed on cell surfaces, have 
been extensively used to study modifica- 
tions in the structure and function of cell 
surface membranes (7). The binding of 
lectins to cell surfaces can be visualized 
when a fluorescent label is used. 

Both control Basc (Miiller 5) and 
hemizygous Turn1 hemocytes were treat- 
ed with wheat germ agglutinin (WGA) 
conjugated with fluorescein isothiocya- 
nate (FITC). A single drop of hemo- 
lymph from each larva was collected on 
a glass microscope slide, and the cells 
were immediately fixed with a drop of 
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Fig. I to 4. Photomicrographs of Tum' hemo- 
cytes treated with WGA conjugated with fluo- 
rescein isothiocynate and examined with a 
Nikon fluorescent microscope. Fig. 1 .  
Negative cells with pale fluorescence and 
lacking fluorescing surface granules are indi- 
cated by an asterisk. Cells classified as posi- 
tive exhibit a granular fluorescence on their 
surfaces (arrows). Fig. 2. Lamellocyte 
showing WGA binding. Fig. 3. Two plas- 
matocytes, one showing WGA binding (ar- 
row), the other lacks this property (aster- 
isk). Fig. 4. Lamellocyte lacking WGA 
binding activity. 

acetone. When dry, a drop of FITC- 
WGA solution (200 pg of protein per 
milliliter of 0.9 percent saline) was ap- 
plied to the cells. After 2 minutes, the 
treated cells were rinsed by immersing 

the slides several times in distilled water. 
The cells were then located and exam- 
ined with phase and episcopic fluores- 
cence microscopy. Two categories of 
hemocytes were distinguished; cells with 
intense granular fluorescence over their 
surfaces were considered positive, while 
those with pale fluorescence or without 
fluorescing surface granules were classi- 
fied as negative (Figs. 1 to 4). 

Hemocytes of Basc larvae showed no 
WGA binding activity, whereas both the 
plasmatocytes and lamellocytes of Turn1 
larvae showed binding. In larvae reared 
continuously at 21°C, the percentages of 
lectin binding cells gradually increased 
from 18 percent in the first instar larvae 
(52 hours old) to 25 percent in the third 
instar (Fig. 5A). At 29"C, the percent- 
ages of lectin binding cells at each instar 
were more than twice as high as those at 
21°C, (P < 0.001; two-factor analysis of 
variance). At 29"C, the percentages of 
WGA binding cells increased during ear- 
ly larval development, but decreased 
slightly in the third instar. This decrease 
in the percentage of WGA binding hemo- 
cytes in third instar larvae coincides with 
the development of melanotic tumors, a 
process that removes cells from circula- 
tion. When melanotic tumors were col- 
lected from early third instar larvae and 
treated with WGA, 20 to 30 percent of 
the cells in the outer layers of these 
encapsulated masses exhibited WGA 
binding. 

The rapidly fading fluorescence of the 
WGA-treated hemocytes precluded our 
making accurate differential determina- 
tions of the ratio of fluorescing plasmato- 
cytes to fluorescing lamellocytes. How- 
ever, cell counts from several repre- 
sentative photomicrographs showed that 
the lamellocytes constituted 30 percent 
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of the fluorescing cell populations at 
21°C, and 60 percent at 29OC. 

The lectin binding properties of both 
immune reactive and nonreactive hemo- 
cytes were studied by shifting half of the 
Turn1 larvae parasitized by L.  hetero- 
toma to 29"C, a condition that ensured a 
high frequency of encapsulation respons- 
es, and maintaining the others at 21°C, a 
condition which resulted in a low fre- 
quency of encapsulated parasites. In im- 
mune competent hosts that successfully 
encapsulated L,  heterotoma, the per- 
centages of WGA binding hemocytes 
were significantly higher (P < 0.001 ; t- 
test) than in susceptible hosts that, at 
either 21" or 2YC, exhibited no encapsu- 
lation response (Fig. 5B). Parasite eggs 
removed from host larvae during the 
early stages of encapsulation (24 hours 
after infection) and treated with WGA 
showed approximately equal numbers of 
fluorescing and nonfluorescing cells in 
the outer layer of the developing cap- 
sule. In fully formed capsules (48 to 60 
hours after infection) no WGA binding 
hemocytes were observed in the outer 
layer of the capsule. This suggests either 
that WGA binding hemocytes are not 
involved in the terminal stages of capsule 
formation or that the heavy deposits of 
melanin obscure their WGA binding ac- 
tivity. 

Parasites can develop in an immune 
competent host if they are not recog- 
nized as foreign (for example, molecular 
mimicry or antigen sharing), or if they 
produce substances that suppress the 
host's immune system. Past studies have 
shown that L.  heterotoma utilizes the 
latter mechanism and actively inhibits 
the blood cell encapsulation responses of 
Drosophila by preventing the differentia- 
tion of plasmatocytes to lamellocytes (3, 
8). It is believed that the substance 
which suppresses blood cell differentia- 
tion is introduced into the host by the 
female during oviposition. The low per- 
centages of WGA binding hemocytes 
found in susceptible Turn' hosts may 
reflect a decrease in the percentage of 
lamellocytes resulting from parasite sup- 
pression of the immune response. How- 
ever, it is possible that, in addition to 
blocking the formation of lamellocytes, 
the parasite also suppresses or modifies 
those cell surface properties that charac- 
terize the hemocytes of immune reactive 
hosts. 

In summary, our studies correlate high 
percentages of WGA binding hemocytes 
in circulation with encapsulation reac- 
tions that attend parasite encapsulation 
and melanotic tumor formation in the 
~ u m l  mutant. The data suggest that the 
temperature-induced increase in the im- 

mune competence of Turn1 hemocytes at 
29°C is due to certain cells acquiring 
specific surface modifications, identified 
by WGA binding, which augment their 
adhesion to one another and to foreign 
surfaces. These findings support the 
work of Rizki and Rizki who showed that 
the percentages of WGA binding hemo- 
cytes in other Drosophila mutants in- 
creased at tumor permissive conditions, 
and also when heterospecific implants 
were used to provoke encapsulation re- 
sponses (9). They suggested that aber- 
rant tissues stimulate the differentiation 
of WGA binding cells, which then adhere 
to one another and to the tissue sur- 
faces. 

Since WGA binds to specific carbohy- 
drate moieties, this lectin does not iden- 
tify all of the cell surface alterations that 
may occur on the same or on different 
immune reactive cells. Moreover, 
changes in cell surface carbohydrates 
that are identified by this lectin may be 
ancillary manifestations in the attain- 
ment of immune competence, and not 
directly responsible for potentiating the 
adhesion of capsule-forming hemocytes. 
The fact that many of the hemocytes 
participating in the development of cellu- 
lar capsules in ~ u m l  do not bind to WGA 
suggests there are at least two popula- 
tions of immune reactive cells. The im- 
mune competence of one group of hemo- 
cytes is manifested by cell surface fea- 
tures which have a high affinity for 
WGA, while the other, equally compe- 
tent population lacks this property. It is 
also possible that cells that do not bind 

tions only by adhering to WGA binding 
cells, or to foreign surfaces that become 
coated with a product believed to be 
elaborated from the latter cells (8). 
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Alzheimer's Disease: Cell-Specific Pathology 
Isolates the Hippocampal Formation 

Abstract. Examination of temporal lobe structures from Alzheimer patients 
reveals a specific cellular pattern of pathology of the subiculum of the hippocampal 
formation and layers II and ZV of the entorhinal cortex. The affected cells are 
precisely those that interconnect the hippocampal formation with the association 
cortices, basal forebrain, thalamus, and hypothalamus, structures crucial to memo- 
ry. This focal pattern ofpathology isolates the hippocampal formation from much of 
its input and output and probably contributes to the memory disorder in Alzheimer 
patients. 

The role of the hippocampus and relat- 
ed structures of the ventromedial tempo- 
ral lobe in learning and memory has been 
examined in both man and the experi- 
mental animal (I). Bilateral destruction 
of these areas is associated with a pro- 
found and lasting memory impairment 
that affects learning in all modalities 
(2). 

Memory impairment is an early, prom- 

inent manifestation of Alzheimer's dis- 
ease, and the hippocampal formation and 
parahippocampal gyrus are among the 
brain areas most consistently and heavi- 
ly implicated in its pathology (3). Patho- 
logic alterations (4) and neurochemical 
deficits (5) have also been observed in 
association cortices, as well as in subcor- 
tical structures such as the amygdala (6), 
locus coeruleus (7), and the cholinergic 
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