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leukocytes and Dr J. Czyrski for carrying out the mitogenic assays. The 
study was supported by ~ants of the Polish Academy of Sciences (CPBP 
06.01 and CPBR-3/3). 

However,  we cannot  exclude that  a very small amount  of  
IFN-c~//? was present  in the preparat ions .  
In the 3 - 4 - d a y - o l d  cultures o f  PBL (10 6 cells m l -  1) in 
R P M I  1640 medium supplemented with 10% fetal calf 
serum and compounds  1 or 2 (10-90  gg ml 1), st imula- 
t ion o f  the incorpora t ion  o f  3H-thymidine was observed. 
This was evident in the presence or  absence o f  P H A  
( 1 - 5  lag m l - 1 ) .  The observations suggest that  the se- 
lenoorganic compounds  may  also induce synthesis of  mi- 
togenic interleukins or other cytokines (data  not  shown). 
I t  can be concluded that  organic diselenides and Ebselen 
are potent  IFN-?  and T N F  inducers in human  PBLs but  
they do not  st imulate I F N  release in human  fibroblasts.  
Ebselen may  act as an I F N  inducer after conversion to 
diselenide. Al though the mode of  action of  the com- 
pounds  is not  known it appears  to involve both  adherent  
and non-adherent  leukocytes. Because the selenoorganic 
compounds  are undergoing clinical trials as anti- inflam- 
ma to ry  drugs their novel IFN-?  and TNF- induc ing  activ- 
i ty and  potent ia l  immunost imula t ing  action deserve spe- 
cial at tention.  
I t  is wor th  point ing out  that  IFN-y  has been successfully 
used for treat ing patients with rheumato id  arthrit is  17. 
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Summary. The shape change of  Drosophila melanogaster blood  cells (lamellocytes) from discoidal  to b ipolar  that  is 
caused by a factor  from the female paras i to id  Leptopilina heterotoma is b locked by the tubulin inhibitors vinblastine 
and vincdst ine in vitro. The actin inhibitor ,  cytochalasin B, causes a rbor iza t ion  o f  Drosophila lamellocytes and acts 
synergistically with the wasp factor to al ter  lamellocyte morphology.  Lamellocyte  arbor iza t ion  induced by cyto- 
chalasin B is blocked by simultaneous t reatment  with vinblastine. These observations indicate that  the changes in 
lamellocyte shape induced by bo th  the wasp factor  and cytochalasin B require micro tubule  assembly. 
Key words. Drosophila melanogaster; Leptopilina heterotoma; paras i to id ;  b lood cells; vinblastine;  vincristine; cy- 
tochalasin B; cytoskeleton.  

The abil i ty of  Drosophila melanogaster blood cells to 
encapsulate  foreign objects is destroyed by the paras i to id  
Leptopilina heterotoma 1. The female wasp injects a fac- 
tor,  named lamellolysin, a long with its eggs that  selec- 
tively incapaci tates  the capsule-forming b lood cells of  
Drosophila. The destruct ion of  these hemoeytes,  lamel- 

locytes 2 is an orderly process in which the thin, discoidal 
cells become bipolar  and shed their elongating cytoplas-  
mic ends. The morphological ly-a l tered lamelloeytes are 
no longer adhesive so they are unable  to layer a round  the 
paras i to id  eggs to contain them and the eggs develop 
undis turbed  in the host  hemocoel.  
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The disposition of the microtubules in discoidal lamel- 
locytes and in lamellocytes from parasitized larvae was 
examined by indirect immunofluorescence using anti- 
tubulin 1. The microtubules in normal lamellocytes radi- 
ate from the vicinity of the nucleus toward the cell pe- 
riphery, resembling the dispersion of microtubules found 
in tissue culture cells 3.4. In lamellocytes affected by the 
wasp factor, the microtubules assume a new orientation 
parallel to the elongating axis of the cells. If the lamel- 
locyte elongation induced by lamellolysin depends on the 
depolymerization and repolymerization of tubulin, then 
drugs that disrupt tubulin assembly should block the 
change in cell shape. On the other hand, lamellocyte 
elongation stimulated by lametlolysin may force the mi- 
crotubules along the elongating axis and the elongation 
process may remain unaffected by tubulin inhibitors. The 
present study was undertaken to determine what effects, 
if any, inhibitors of cytoskeletal components have on the 
cell elongation induced by lamellolysin. 
Lamellotysin is found in the reservoir of an accessory 
gland of the female reproductive system. Injection of 
reservoir fluid into Drosophila larvae causes lamellocyte 
elongation in vivo 1, and we recently developed methods 
for studying the effects of lamellolysin on Drosophila 
hemocytes in vitro 5. Drosophila hemocytes in vitro were 
treated with inhibitors for tubulin and actin polymeriza- 
tion 6, 7 together with reservoir fluid from L. heterotoma 
females, and the lamellocytes in these samples were com- 
pared with lamellocytes in control samples containing 
either reservoir fluid or inhibitor alone. 

Materials and methods 
The source of hemocytes was late third instar (8-10-day- 
old) giant heterozygote larvae 5 (y sc gt xH v Sllx tu_Sz,~/gt 
w a tu-Sz ts) that carried the tu-Sz t~ melanotic tumor gene. 
For explanation of gene symbols, see Lindsley and 
Grell 9. Larvae of this strain have a large volume of 
hemolymph with an abundance of lamelloeytes. The lar- 
vae were raised on live Fleischmann's yeast growing on 
cream of wheat/molasses medium at 27 ~ Hemolymph 
was collected in phosphate-buffered saline for Drosophila 
cells to containing 0.07 % phenylthiourea to prevent the 
darkening that occurs if activation of phenoloxidases is 
not blocked. Aliquots of a single, pooled hemolymph 
sample were dispensed to sterile Sykes chambers as de- 
scribed previously s so that each chamber contained 
hemocytes from about 1.5 larvae in a total incubation 
volume of 140 gt. Experiments were conducted such that 
control and treated hemocytes were obtained from the 
same hemocyte sample. 
The Leiden strain of L. heterotoma was used for collect- 
ing reservoir fluid. Adult females (4-6  weeks old) were 
rinsed in 95 % alcohol and sterile water before dissection. 
Reservoir fluid was collected in saline, and aliquots were 
added to the Sykes chambers so that a hemocyte sample 
received the reservoir fluid equivalent to that obtained 

from five females. Inhibitors were added to the hemocyte 
samples 15 rain after the addition of the reservoir fluid. 
Vinblastine (VBL), vincristine sulfate (VCR) and cy- 
tochalasin B (CYB) obtained from Sigma Chemical Co. 
were dissolved in dimethyl sulfoxide (DMSO) and added 
to hemocyte samples to yield a final concentration of 
2 gg/ml of VBL and VCR and 10 ~tg/ml of CYB. The 
Sykes chambers were kept at room temperature (22- 
23 ~ Hemocytes in the chambers were examined peri- 
odically beginning at 30 min and ending at 5 h with an 
Olympus CK2 inverted microscope and photographed 
with a 35-ram camera. 

Results 
The concentration of DMSO in the hemocyte samples 
incubated with inhibitors ranged from 0.02 % to 0.1%. 
Therefore, control samples that contained these concen- 
trations of DMSO, with and without reservoir fluid, were 
examined as well as control samples of hemocytes in 
buffer and hemocytes in buffer-containing reservoir 
fluid. Lamellocytes retained their normal discoidal mor- 
phology in the presence of DMSO, and DMSO did not 
interfere with the changes in lamellocyte morphology 
induced by lamellolysin in wasp reservoir fluid. The mor- 
phology of discoidal lamellocytes is shown in figure 1 A. 
The cells have a few surface folds; otherwise their sur- 
faces and margins are smooth. The typical elongation of 
lamellocytes caused by lamellolysin is shown by the 
lamellocyte to the left in figure 1 B. The elongating ends 
of affected lamellocytes often show small, light-contrast- 
ing blebs either at or near their distal tips while the region 
around the nucleus generally remains wide until many 
hours later 5. An occasional lamellocyte from a para- 
sitized larva 1 and some lamellocytes in vitro, especially 
when exposed to higher concentrations of lamellolysin 5, 
develop numerous filaments from their bipolar ends 
and much finer filamentous extensions from other parts 
of the cell surface. Plasmatocytes spread against the 
glass surface both in the presence and absence of lamel- 
lolysin. Their morphology remained unaffected by lamel- 
lolysin. 
When VBL or VCR was added to a hemocyte sample 
containing wasp reservoir fluid, the lamellocyte elonga- 
tion caused by lamellolysin was blocked. The lamel- 
locytes treated with these tubulin inhibitors were crinkled 
and this crinkling extended to the margins of the d is-  
coidal cells. Control samples of lamellocytes treated with 
VBL or VCR showed the same crinkled topography. 
Since there were no differences between lamellocytes 
treated with VBL or VCR, only photographs of VCR- 
treated cells are included in figure 1 (C and D). Plasmato- 
cytes spread in the presence of VBL or VCR but the 
surfaces of these flattened plasmatocytes did not crinkle 
as did the surfaces of the lamellocytes. 
Lamellocytes treated with CYB generally assumed a stel- 
late form (fig. I E) or became arborized (fig. 2C). In 
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Figure 1. Drosophila hemocytes photographed after 5 h in vitro. A 
Hemocytes in buffered-saline control. 1, lamellocytes; p, plasmatocytes 
spread against the glass surface. Scale bar = 50 gm for A-F .  B Sample 
with lamellolysin showing the typical elongation effect resulting in a 
bipolar cell. The two ends of the lamellocyte indicated by the left arrow 
have knobs near their tips. Plasmatocytes remain unchanged from the 
control in B and the remaining samples through F. C Sample with lamel- 
lolysin and VCR. The lamellocyte surfaces are crinkled and there is no 

apparent effect of lametlolysin. There is no difference between these cells 
and the cells in D that were treated with vincristine alone. E Sample with 
CYB showing the stellate configuration of a lamellocyte. F Effect of 
simultaneous treatment with CYB and lamellolysin. Compare the bipolar 
lamellocyte to the left with the lamellocyte in a similar position in frame 
B. Arborization is apparent in the lamellocyte located by the right arrow. 
The lamellocyte at the bottom of the frame shows a compound effect of 
arborization and elongation. 
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Figure 2. Hemocytes photographed after 3 h in vitro. A Control in 
buffered saline. The pointed appearance of the lamellocyte at the bottom 
of this frame is due to folding of the cell at the two margins. B Crinkled 

surface of lamellocytes exposed to VBL. C Arborization of lametlocytes 
exposed to CYB. D Inhibition of the CYB effects by VBL. The crinkled 
surfaces of the lamellocytes are the same as in B. Scale bar = 50 gin. 

some cases, the CYB-treated cells with multiple filaments 
and an elongated shape resembled lamellolysin-treated 
cells. The major elongating regions of  the CYB-affected 
cells were often hirsute. Filamentous extensions of  the 
CYB-affected lamellocytes had small dilations which ap- 
peared either as dark- or light-contrasting knobs under 
phase. Spread plasmatocytes retained their round shape 
in the presence of  CYB. 
When lamellocytes were treated with both CYB and res- 
ervoir fluid, elongation proceeded more rapidly than in 
the presence of  reservoir fluid alone, and the arborization 
o f  some lamellocytes was more pronounced than in the 
presence of  CYB alone (fig. 1 F). The filaments extend- 
ing from bipolar lamellocytes in these samples were 
much longer than in samples treated with reservoir fluid 
alone. 
Since treatment of  lamellocytes with CYB and reservoir 
fluid had a synergistic effect on the morphology of  the 
lamellocytes and the lamellolysin effect can be blocked 
by VCR or VBL, the question arises whether the CYB 
effect can also be blocked by tubulin inhibitors. To an- 
swer this question, aliquots of  a single, pooled hemocyte 
sample were dispensed to four Sykes chambers. To one 

chamber, CYB and reservoir fluid were added, the sec- 
ond sample received CYB, the third had reservoir fluid 
alone, and no inhibitors were added to the final sample 
which served as the control. The results of  these studies 
are shown in figure 2. The lamellocytes in the control 
sample were discoidal cells (fig. 2 A); VBL caused crin- 
kling of  lamellocyte surfaces but no changes in the over- 
all shape of  the cells (fig. 2 B); CYB induced filamentous 
extensions on the lamellocytes as described above 
(fig. 2C); the lamellocytes treated with CYB and VBL 
were crinkled and discoidal (fig. 2 D), resembling the cells 
treated with VBL alone. Thus, the development o f  fila- 
ments induced by CYB is inhibited by VBL. 

Discussion 
Both VBL and VCR, inhibitors of  tubulin polymeriza- 
tion 6, 7, block the change in the morphology of  Droso- 
phila lamellocytes caused by wasp reservoir fluid. As 
demonstrated earlier 1, this alteration in lamellocyte 
shape from a discoidal to a bipolar cell involves reorien- 
tation of  microtubules. When the polymerization of  
tubulin is inhibited by VBL or VCR, the lamellocytes 
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remain disk shaped in the presence of the wasp factor. 
Therefore, the elongation process induced by wasp 
lamellolysin requires depolymerization and repolymer- 
ization of tubulin. This requirement for tubulin polymer- 
ization does not necessarily indicate that wasp lamel- 
lolysin directly affects tubulin polymerization to yield 
elongated cells. The molecular target of lamellolysin may 
lie elsewhere than in the microtubule component of the 
cell in view of the effect of the actin inhibitor CYB on 
lamellocyte morphology. 
CYB causes arborization of Drosophila lamellocytes sim- 
ilar to that described for tissue culture cells 6. Thus, CYB 
and wasp lamellolysin both cause the generation of fila- 
ments from the margins of lamellocytes. This process 
induced by lamellolysin generally results in bipolar cells 
whereas the cell shape induced by CYB is usually stellate. 
Higher concentrations of lamellolysin in the in vitro sys- 
tem were conducive to multi filamentous lamellocytes 5, 
so additional studies using various concentrations of 
lamellolysin and CYB are required to more adequately 
compare the cell shape changes induced by CYB and 
lamellolysin, alone and in combined treatment. The ex- 
treme response obtained when lamellocytes were treated 
with both CYB and lamellolysin, and the fact that both 
the lamellolysin effect and the CYB effect were inhibited 
by VBL suggests that lamellolysin may affect a process 
similar to that which CYB affects to result in the changed 
lamellocyte shape. 
If microfilaments are involved in anchoring microtubules 
to proteins in the cell surface as proposed by Yahara and 
Edelman 1 t or if cytoskeletal components are organize d 
in a microtrabecular lattice as proposed by Porter and 
Tucker 12, it follows that disruption of one of the compo- 
nents in the network may modify the constraints imposed 
by this component on the network. This reasoning can 
explain the effects of cytoskeletal inhibitors and lamel- 
lolysin on lamellocyte morphology. Extension of fila- 
ments from the smooth surface of the lamellocyte in- 
duced by CYB or lamellolysin requires the microtubule 
component of the network to be intact. In the presence of 
a tubulin inhibitor, the filament elongation caused by 
either CYB or lamellolysin does not occur. CYB behaves 
like a capping agent to interfere with the integrity and 
growth of microfilaments 6. When the anchoring provid- 
ed to the microtubules by the microfilaments is disrupt- 
ed, microtubules are free to elongate. A stellate-shaped 
cell would result if filament elongation proceeded from 
many points at the cell surface. The shape of the lamel- 
lolysin-affected cells is generally bipolar, indicating that 
there are restrictions in the cell surface points from which 
filaments develop. A bipolar shape might arise if the 
binding of lamellolysin to a receptor site on the cell sur- 
face results in the movement of additional receptor sites 
away from this first attachment point so that receptors 
for lamellolysin become clustered at the opposite pole. 
Alternative suggestions might include the stimulation of 
microtubule elongation deep within the cell so that elon- 
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gation of microtubules proceeds in opposite directions to 
result in a bipolar cell. 
Affected lamellocytes were detected within 90 rain after 
female wasps oviposited in Drosophila larval hosts 1. This 
same time period is sufficient to produce changes in 
lamellocyte morphology in vitro 5. Considerable internal 
modifications may occur within the interval between ex- 
posure to the wasp factor and the appearance of cell 
surface extensions. Even before filaments extend from 
the surface of some lamellolysin-affected cells we have 
noticed that the cytoplasm surrounding the nucleus 
shows areas of dark-contrasting materials parallel to the 
presumptive bipolar axis under phase optics (unpub- 
lished observations). These materials may result from the 
initial covert changes that later become apparent as bipo- 
lar extensions of filaments. 
The discoidal lamellocyte is sensitive to the factor from 
the parasitoid female as well as to cytoskeletal inhibitors 
whereas the round plasmatocyte is not markedly altered 
by these agents. The distinguishing feature of the lamel- 
locyte is its flattened shape which is stable when the cells 
circulate in the hemocoel of the larva and in culture 
medium in vitro. Plasmatocytes in vitro settled on the 
glass surface and flattened, but these flattened plasmato- 
cytes did not respond like lamellocytes to lamellolysin or 
to the cytoskeletal inhibitors. This difference in behavior 
must reside in the organization of the cytoskeleton in 
these two cell types. Fully spread lepidopteran plasmato- 
cytes were reported to arborize in the presence of CYB in 
vitro 13. Whether Drosophila and dipteran plasmatocytes 
differ in their cytoskeletal organization from lepidopter- 
an plasmatocytes is not known. However, spread lepi- 
dopteran plasmatocytes have a typical fibroblastic mor- 
phology 14 whereas Drosophila plasmatocytes spread 
against a glass surface have a circular shape that superfi- 
cially resembles the larger lamellocyte. 
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