
ed toward establishing the =action detection 
limits that are possible when synchrotron-pro- 
duced radiatiok is used. 

To compare merent materials in terms of 
their relative ability to scatter x-rays, we use the 
scattering power, a dimensionless quantity: 

Fooo 
2 

scattering power = (y_) vC A (1) 

where F,, and Vu are the number of electrons 
in, and the volume of, the unit cell, respectively, 
Vc is the volume of the crystal, and A is the 
x-ray wavelength. For routine structure deter- 
minations, scattering powers typically range 
between 1016 and 1017. Eisenberger et at. 
performed their measurements on an-800-pm3 
crystal of zeolite, using a wiggler synchrotron 
beam ditfiacted from a double-crystal Ge 
monochromator set for 1.74 (6). These 
values correspond to a scattering power of 
about 3 x 1014. Bachmann et at. made mea- 
surements on a crystal of CaF, with a volume 
of 200 pm3 and x-rays of 0.91 4 giving a 
scattering power of 1.3 x 1014 (7). Riecket at. 
used a CaF, crystal with a volume of 2.2 
pm3 and 1.56 i% photons; these correspond to 
a scattering power of 7.1 X 1012 (8). [We are 
also aware of p r e G a r y  measurements from a 
0.4-pm single-crystal sphere of Mo reported at 
the 1990 International Union of Crystallogra- 
phy Congress held in Bordeaux, France, but 
insdicient details are given in the abstract to 
evaluate the scattering power- (9).] The work 
reported here represents an x-ray investigation 
of an unknown crystal of submicrometer di- 
mensions; in the other studies, known test 
crystals were used. 

In order to assess the =action detection 
limit of our system, we selected a reflection 
with a x angle of about 0" and then systemat- 
ically reduced the vertical aperture defining our 
incident beam and monitored the transmitted 
beam with an ionization chamber. There was a 
linear response down to 10 pm; below that the 
readings were erratic. At this 10-pm setting, 
the volume of the sample illuminated was 0.38 
pm3. The (5h,4h) class of reflections, shown 
in Fig. 2B, were recorded from this volume in 
a period of 1 min. The scattering powers 
calculated from Eq. 1 for each of the three 
peaks in Fig. 2B are 1.2 x 1012 for the (T,1,4), 
1.6 x 10'' for the (2,2,8), and 4.4 x 10'' for 
the (3,3,12). These scattering powers are all 
smaller than those in the earlier published 
repom (6-8). Despite this diminished scatter- 
ing power and the strong background signal 
from the encapsulating glass, there was still a 
relatively strong =action signal; the (3,3,12) 
refleaion is weak, but it can be seen above this 
background. This result also demonstrates that 
it is not necessary to first monochromatize the 
illuminating x-rays, as was done in each of the 
earlier studies. 

Interatomic planar distances, d spacings, 

were calculated for each reflection from the 
measured energy of the difhction peak. The 
peak centroids were determined by a least- 
square fit to a Gaussian curve; the reliability 
factors for most reflections were better than 
99.9%. These measured d spacings were com- 
pared with those calculated from the published 
lattice parameters for Bi (10); the dif6erence 
between the two values was defined as Ad. 
There was a systematic variation in Ad/d with 
the x angle, amounting to a net compressive 
linear strain of about 2.5% for one sample and 
about 1.5% for the other sample (Fig. 3). If the 
materials were isotropic, then the equivalent 
volumetric strains would result from stresses on 
the order of about 2 GPa. It is presumed that 
these residual stress states are caused by Bi 
expansion upon solidification in the presence of 
the encapsulating glasses. 

Although crystallographic studies have been 
carried out on smaller samples by electron 
diffraction techniques, such procedures can- 
not be used on embedded crystals. Thinning 
the fibers examined here would have eliminat- 
ed the residual strains. Removing volume 
constraints by thinning can even induce phase 
transformations in metastable crystals. 

Note added: Since submitting this manu- 
script, we have successfidly obtained single- 

crystal difhction data from three smaller Bi 
filaments; their calculated diameters are 905, 
670, and 420 i%. The scattering power for the 
(O,T,4) reflection measured from a volume of 
28 attoliters was 1.8 x 10'' 
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Possible Horizontal Transfer of Drosophila Genes by 
the Mite Proctolaelaps regalis 

There is strong inferential evidence for recent horizontal gene transfer of the P (mobile) 
element to Drosophila melanoguster h m  a species of the Drosophila lvillistoni group. One 
potential vector of this transfer is a semiparasitic mite, Ptwctolaelaps regalis DeLeon, whose 
morphology, behavior, and co-occurrence with Drosophila are consistent with the properties 
necessary for such a vector. Southern blot hybridization, polymerase chain reaction (PCR) 
amplification, and DNA sequencing showed that samples of P.  regalis associated with a P 
strain of D. melanogaster carried P element sequences. Similarly, Drosophila ribosomal 
DNA sequences were identified in P.  regalis samples that had been associated with 
Drosophila cultures. These results have potentially important evolutionary implications, not 
only for understanding the mechanisms by which genes may be transferred between 
reproductively isolated species, but also for improved detection of some host-parasite and 
predator-prey relationships. 

P ELEMENTS CONSTITUTE ONE OF THE 

most intensively studied families of 
transposable (mobile) elements in 
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Drosophila melanogaster (1). P elements are 
present in multiple copies in so-called P 
strains of this species, but are completely 
absent in others, designated M strains (2). 
The historical dichotomy of P and M strain 
distributions in D. melanogaster strongly 
suggests that P elements spread through this 
species as recently as the last half century (3, 
4). This conclusion is also supported by the 
uneven worldwide geographical distribution 
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Fig. 1. (A) A scanning electron photomicrograph 
of P. wgalis DeLeon in feeding position, on a 
pupa of D. melanogasrer. (B) A photomicrograph 
of the chelate-dentate chelicerae of P. regalis in the 
ventral aspect. The chelicerae have a dved and a 
movable digit. Cheliceral morphology of ascid 
mites correlates with trophic specialization (30). 
The primitive chelate-dentate state allows for 
grasping, shearing, and piercing of prey, as op- 
posed to long slender chelicerae (with small teeth) 
usually found in mites feeding on other mites or 
small insects. Obligate parasites may have eden- 
tate chelicerae, reduced chelicerae, or a reduced 
fixed digit. Omnivores such as P. regalis retain 
chelate-dentate chelicerae to handle a broad range 
of food types. 

of P elements in D .  melanogaster (4, S), by 
their complete absence from species closely 
related to D .  melanogaster (6), and by the 
highly invasive nature of active P elements 
when they are introduced into susceptible 
populations either by crossing or by exper- 
imental gennline transformation (7). 

Several lines of evidence support the hy- 
pothesis of the introduction of the P trans- 
posable element into the cosmopolitan spe- 
cies D .  melanogaster from a species of the 
willistoni group, by means of lateral gene 
transfer. Observations consistent with this 
hypothesis include (i) the high sequence 
similarity among D .  melanogaster P elements 
from diverse geographical locations (8),  (ii) 
the abundance of P elements in species of 
the willistoni species group relative to their 
paucity in the melanogaster species group 
(9, lo), (iii) the near-identity of P element 
sequences from D .  melanogaster and D .  
willistoni (lo), (iv) the lack of congruence 
between P element sequence identity and 
the divergence time between Drosophila spe- 
cies pairs (11), and (v) the overlap in geo- 
graphical ranges of D .  melanogaster and D .  
willistoni in Florida and in Central and 
South America (12). This accumulating ev- 
idence indicates that lateral transfer seems 
likely; however, no potential vector has been 
identified. 

There are numerous potential agents for 
horizontal gene transfer found in association 
with Drosophila cultures. Among these are 
viruses, bacteria, and small arthropods. A 
study of the mechanisms of horizontal trans- 
fer required the selection of some categorical 
subset of biological agents for a systematic 

attack of the problem. 
At least ten different mite species co-occur 

with Drosophila in laboratory cultures (13). 
One mite, Proctolaelaps regalis DeLeon 
(Garnasina: Ascidae), is of particular interest 
because of (i) its peripatetic mode of feed- 
ing, (ii) its gnathosomal structures adapted 
for fluid-feeding (13a), (iii) its rapid transit 
in search of food and between feeding 
events, (iv) its shared habitat use with Droso- 
phila (syntopy), and (v) its intrinsic geo- 
graphic overlap with Drosophila (sympatry). 
Proctolaelaps regalis is also interesting be- 
cause of its North American &ation. One 
hypothesis asserts that P elements spread 
from the Americas to the rest of the world, 
as inferred from evidence on the geographic 
distribution of P strains (14). 

Proctolaelaps regalis is not the most com- 
mon mite in Drosophila laboratory stocks 
(IS), and the earliest known identification of 
P. regalis at the University of Arizona oc- 
curred in August 1989. Proctolaelaps species 
have been collected from Drosophila labora- 
tory cultures previously by others (13, 16), 
but there is confusion as to the species 
determination of those specimens.  he only 
report of field-collected specimens of P. 
regalis came from Florida in 1956 (17), 
where the mite was associated with fallen or 
rotting fruit of rose-apple (Syzygium jambos 
= Eugenia jambos) (18). 

Proctolaelaps regalis has chelicerae typical 
of an ascid omnivore (Fig. 1). In the labo- 
ratory we observed that it can survive on fly 
culture media alone (feeding on free nutri- 
ents, fungus, and yeast), but P. regalis does 
not appear to reproduce under these condi- 

Fig. 2. Southern blot hybridization of Drosophila 
and mite genomic DNAs with a P element- 
specific probe. Drosophila melanogater strains 
Harwich-w and Canton-S served as positive and 
negative controls for P elements, respectively. 
Genomic DNA samples were prepared from 0.1 g 
of adult fies (31). Each lane in the blot contains 
2.0 kg of DNA. Mite DNA samples were pre- 
pared from approximately 200 individuals by the 
same procedure, and the entire sample was used 
without quantitation (32). DNAs were digested 
with Acc I, electrophoresed in 1% agarose gels, 
and transferred to Nytran (Schleicher & Schuell) 
essentially as described in (33). DNA was visible 
for all samples in the ethidium bromide-stained 
gel before transfer except for lanes 5 and 6. 
Plasmid prr25.7BWC contains a nearly complete 
P element with no flanking D. melanogater ge- 
nomic sequences (34) and was used to screen for 
the presence of P element sequences. Probe label- 
ing and hybridization followed procedures d'e- 
scribed in the GENIUS kit (Boehringer Man- 
heim). Samples: lane 1, D. melanogater Harwich- 
w; lane 2, D. melanogater Canton-S; lane 3, P. 
regalis associated with the Canton-S strain; lane 4, 
P. regalis associated with the Harwich-w strain; 
lane 5, medium from the Harwich-w culture; and 
lane 6, fly debris from the Harwich-w culture. The 
derived from the full-sized P element Mowing dig 

tions. Behavioral observations indicated that 
P. regalis also feeds on all immature stages of 
D .  melanogaster. Feeding on fly eggs and 
larvae is by rapid cheliceral thrusting, pinch- 
ing, and piercing. This action is accom- 
plished swiftly, sending cellular inclusions 
into the hollow space between the cheliceral 
shafts (19). Movement between individual 
fly hosts is extremely rapid. Feeding bouts 
generally last a hction of a second, and 
immediate feeding on subsequent adjacent 
hosts is common. In mixed-species fly cul- 
tures this behavior provides potential for 
transfer of cellular inclusions (including 
DNA) from one host to another. 

A second type of feeding behavior is seen 
in adult mites feeding on Drosophila pupae, 
where penetration of the thick puparium 
requires prolonged thrusting of the cheli- 
cerae. In some D .  melanogaster strains, asso- 
ciation with P. regalis culminates in culture 
degradation or elimination, possibly due to 
this second (damaging) type of feeding. 

All of the various aspects of the biology of 
this mite, including the semiparasitism itself 
(20), are consistent with P. regalis having 
had a co-evolutionary association with what 
are now "domesticated" Drosophila. This 
mite may have been co-collected with wild- 
caught fly stocks in the United States orig- 
inally, but it is equally likely that it second- 
arily invaded U.S. laboratory stocks because 
of its natural association with Drosophila in 
the wild. In short, P. regalis has the morpho- 
logical and behavioral capacity, and the eco- 
logical and geographical opportunity, to act 
as a vector for P elements. 

In order to determine whether P. regalis 

arrow denotes the position of the 2.4kb fragment 
+on with Acc I. 
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mites were acquiring P element sequences 
from D. melanogaster during feeding, ge- 
nomic DNA was isolated from mites associ- 
ated with both P and M strain fly cultures. 
Results of Southern blot analyses indicated 
that hybridization to a P element-specific 
probe occurred only with DNA extracted 
from the Harwich-w (P) fly strain (Fig. 2, 
lane 1) or with DNA extracted from mites 
associated with that strain (Fig. 2, lane 4). 
DNA from the Canton-S (M) strain of D. 
melanogaster and from P. mgalis associated 
with the Canton-S strain consistently 
showed no detectable hybridization to the P 
element probe (Fig. 2, lanes 2 and 3, respec- 
tively). Occasionally there was no hybridiza- 
tion of Harwich-associated P. mgalis DNA 
to the P element probe. This is probably due 
to the insensitivity of Southern hybridiza- 
tions when less than optimal amounts of 
DNA were obtained from a mite sample. 

In order to address the issue of insensitiv- 
ity and to obtain an independent codrma- 
tion of the hybridization results, the poly- 
merase chain reaction (PCR) (21) was used 
(22). Specific primers were synthesized for 
the D. melanogaster P element sequence (23). 
These primers flank a 764-bp fragment at 
the 5' end of the P element (24), which is 
the expected size of the corresponding 
P-specific product. Eight separate samples of 
template DNA from the Harwich-w strain 
of D. melanogaster and mites associated with 
that strain were used in PCR with P-specific 
primers. All consistently yielded a fragment 
of the correct size, and a typical sample is 
shown in Fig. 3. Results from both the 
Canton-S template and that from mites as- 
sociated with the Canton-S strain were neg- 
ative. PCR was also performed on samples 
of the Harwich culture medium and fly 
debris. In both instances, there was no 
P-specific fragment produced (Fig. 3, lanes 
5 and 6). 

To demonstrate that the fragment pro- 
duced from the mite template DNA (Fig. 3, 
lane 3) was indeed P-specific, the product 
was isolated, purified, and a 250-bp segment 
was sequenced (25). The nucleotide se- 
quence in this region was identical to that 
previously determined (23) for the D. mela- 
nogaster P element. 

The most parsimonious explanation for 
these results is that P. regalis can acquire 
Drosophila P element sequences during feed- 
ing. However, two alternative explanations 
had to be ruled out: first, that the Harwich 
mite DNA samples were contaminated with 
Harwich fly DNA at some point in the 
isolation of the mites from the culture bot- 
tle, and second, that the mites themselves 
carried endogenous sequences with homol- 
ogy to P elements. Both explanations were 
tested with appropriate controls. 

To address the first possibility, that sec- 
ondary contamination of samples would oc- 
cur simply through associati& with flies or 
old fly medium, adult Histiostoma laborato- 
rium were isolated from the same Harwich 
culture as were P. regalis, and DNA was 
prepared in the same manner. Histiostoma 
laboratorium is a mite commonly associated 
with Drosophila cultures; however, it is an 
astigmatic mite that does not feed on the 
flies themselves. No P-specific product was 
detected when Histiostoma DNA was used as 
a template in PCR, indicating that associa- 
tion with the flies was not of itself suflicient 
to give positive results. When the same 
DNA was used in PCR with universal small 
subunit ribosomal DNA (rDNA) primers, a 
product of the correct size was seen, indicat- 
ing that the negative result with the P 
element primers was not due to an inherent 
problem associated with the template DNA 
itself. 

To address the issue of whether endoge- 
nous P sequences in Harwich-associated 
mites might be pleisomorphic or synapo- 
morphic in ascid lineages, we obtained iso- 
lates of two species closely related to P. 
mplis: Lasioseius subterraneus and Proctolae- 
14s longipilis (26). Again no P-specific prod- 
uct was detected when DNA from either 
mite was used as a template in PCR. This 
same DNA was shown to be amplification- 
competent when universal sm& subunit 
rDNA primers were used. 

A final important question was whether 
only Drosophila P element sequences were 
acquired by P. regalis, or whether other 
DNA sequences could also be detected. Ac- 
cordingly, mites were assayed for a non- 
mobile genomic Drosophila sequence. The 

Fig. 3. Results of PCR using P element-specific 
primers. Genomic DNAs were prepared as de- 
scribed in Fig. 2. Between 100 and 200 ng of 
Drosophila DNA and 200 to 500 ng of mite DNA 
(equivalent to 25 to 70 mites) was used in each 
separate amplification reaction. The medium con- 
trol (lane 5) and fly control (lane 6) were treated 
in the same way as other samples, although no 
DNA was detected following the isolation proce- 
dure (35). Reaction conditions were 200 )1M each 
dNTP, 5 pmol each primer, and 2.5 units of Taq 
polymerase with buffer supplied by the manufac- 
turer (Cetus), in a total volume of 100 ~ 1 .  S i  of 
DNA standards are given in base pairs at left. 
Temperature cycling was performed on a Coy 
Tempcycler with the following profile: 92°C for 
1 min, 30 s; 50°C for 45 s; 72°C for 1 min, 45 s, 
for a total of 30 cycles. After removal of primers 
and reaction components, aliquots from the com- 
pleted reactions were analyzed on 1.4% agarose 
gels, which were stained with ethidium bromide 
after electrophoresis. Templates: lane 1, D. mela- 
nogarter Harwich-w strain; lane 2, D .  melanogaster 
Canton-S strain; lane 3, P. regalis associated with 
the Harwich-w strain; lane 4, P. regofis associated 
and lane 6, fly debris control. Primers: 829, 
CGACTGGGCAAAGGAAATCC-3'. 

small subunit (18s) rRNA gene was chosen 
because, like P elements, it is present in 
multiple copies in the D. melanogaster ge- 
nome. Primers, corresponding to highly 
variable regions within the 18s rRNA 
genes, were synthesized to be specific for the 
D. melanogaGer small s u b u n i t r R N ~  genes 
(27). 

When used with a P or M strain template 
DNA from D. melanogaster in PCR, these 
1 8 s  rDNA primers yield a fragment of 81 1 
bp (Fig. 4, lanes 1 and 2). A product of the 
correct size was also seen with template 
DNA isolated from mites associated with 
the Harwich-w and Canton-S strains (Fig. 
4, lanes 3 and 4). Because no acarine small 
subunit rDNA sequences have been pub- 
lished, we could not rule out that these 
primers were in fact hybridizing to the en- 
dogenous P. regalis genes. To address this 
issue, DNA was isolated from the three mite 
species sampled previously: H. laboratorium, 
L. subterraneous, and P. longipilis. No PCR 
product was detected with template DNA 
from any of these three species (Fig. 4, lanes 
5, 6, and 7), indicating that the Drosophila 
rDNA primers were not hybridizing to en- 
dogenous mite sequences. 

The amplitied DNA fragment from P. 
regalis, which was produced with D. mela- 
nogaster-specific rDNA primers, was isolat- 
ed and purified. A 300-bp region of the 
product was sequenced and found to be 
identical to the corresponding segment of 
the D. melanogaster 18s rDNA (28). 

These results suggest that P. regalis was 
acquiring 18s rDNA and P element Dro- 
sophila DNA sequences during its associa- 
tion with flv cultures. a conclusion consis- 
tent with the morphology, ecology, 

with the Canton-S strain, lane 5, medium control; 
5'-AACATAAGGTGGTCCCGTCG-3'; 830, 5'- 
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behavior, and geography of this mite. Our 
results are particularly inmguing because 
the feeding behavior of the mite appears to 
simulate the method of microinjection in the 
laboratory that has been used by many 
Drosophila researchers for intra- and inter- 
specific transfer of genes by P element trans- 
formation (29). 

Horizontal gene transfer of P elements 
may, however, be a rare density-dependent 
event, even under ideal conditions. On the 
basis of our knowledge of P element trans- 
formation (29), the minimum conditions 
needed to be satisfied for detection under 
laboratory experimental conditions are the 
following: (i) two Drosophila females of 
different species must lay their eggs in prox- 
imity to one another, providing the oppor- 
tunity for a mite to sequentially feed on one 
and then on the other in the correct order; 
(ii) the recipient fly egg must be less than 3 
hours old (512-cell stage); (iii) the germline 
of the recipient embryo must incorporate a 
complete copy of exogenous P element 
DNA before it degrades in the cytoplasm; 
(iv) the individual receiving the transferred 

P element must survive the act of feeding by 
the mite; and (v) the adult developing from 
that egg, or a descendent that has inherited 
the element in its germline, must be sampled 
by the investigator. If, as seems likely, each 
of these events has a low independent prob- 
ability, then the combined multiplicative 
probability will be extremely low. 

Although some aspects of high popula- 
tion densities of mites and flies in culture 
bottles are expected to enhance the possibil- 
ity of conditions suitable for transfer, the 
ecological conditions that accompany high 
population densities may also act against 
detection. Because P. regalis appears to be an 
omnivore, the resultant culture degradation 
may actually provide alternative sources of 
food for the mites, reducing the likelihood 
that they will feed on fly eggs. Conversely, 
factors that act in favor of the experimental 
detection of the transfer are the ability of P 
elements to rapidly increase in copy number 
and spread throughout the population of a 
new host and the ready availability of effi- 
dent techniques to detect their presence. 
Even if horizontal transfer should prove to 
be difficult to replicate under laboratory 
conditions, it may still be an important 
evolutionary occurrence in wild popula- 
tions. 

Fig. 4. Results of PCR using D. melanogaster- 
specific 18s rDNA primers. Preparation of ge- 
nomic D N A  and reaction conditions are as de- 
scribed in Fig. 3. S i  of DNA standards are 
given in base pairs at left. Templates: lane 1, D .  
melanogarter Harwich-w strain, lane 2, D .  melano- 
gaster Canton-S strain; lane 3, P. regalis associated 
with the Harwich-w strain; lane 4, P. regalis 
associated with the Canton-S strain; lane 5, H. 
laboratonurn associated with the Harwich-w strain. 
Histiostoma laboratoriurn is the common astigmatic 
mite found in all cultures from which P. regalis 
was isolated; lane 6, L. subtewaneus, a mesostig- 
matic mite closely related to  P. regalis that is not 
associated with Drosophila cultures; and lane 7, P. 
lonpbilis not associated with Droso~hila cultures. 
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Inhibition of Neointimal Smooth Muscle Accumulation 
After Angioplasty by an Antibody to PDGF 

Approximately 30 to 40 percent of atherosclerotic coronary arteries treated by 
angioplasty or by bypass surgery occlude as a result of restenosis. This restenosis is due 
principally to the accumulation of neointimal smooth muscle cells, which is also a 
prominent feature of the advanced lesions of atherosclerosis. The factors responsible 
for the accumulation of intimal smooth muscle cells have not been identified. 
Platelet-derived growth factor (PDGF) is a potent smooth muscle chemoattractant 
and mitogen. It is present in platelets and can be formed by endotheliurn, smooth 
muscle, and monocyte-derived macrophages. ~he'develo~ment of an intimal lesion in 
the carotid artery of athymic nude rats induced by intraarterial balloon catheter 
deendothelialization was inhibited by a polyclonal antibody to PDGF. These data 
demonstrate that endogenous PDGF is involved in the accumulation of neointimal 
smooth muscle cells associated with balloon injury and may be involved in restenosis 
after angioplasty, and perhaps in atherogenesis as well. 

P DGF IS A POTENT MITOGEN AND 

chemoattractant for connective tissue 
cells (1). The PDGF family consists of 

dimeric molecules that can exist as ho- 
modimers or heterodimers of two distinct 
but related peptide chains termed PDGF-A 
and PDGF-B (1) .  PDGF is expressed at low 
or undetectable concentrations in normal 
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adult tissues, but its expression is increased 
after tissue injury. Two distinct PDGF re- 
ceptors have also been identified, one that 
binds either the A or the B chain (the 
a-subunit) and one that binds only the B 
chain (the p-subunit) (2). The capacity of 
cells such as smooth muscle to respond to 
PDGF may depend on the limited availabil- 
ity of appropriate receptors or the presence 
of particular dimeric forms of PDGF, or 
both. Investigations of experimentally in- 
duced atherosclerosis, naturally occurring 
human atherosclerosis, and smooth muscle 
accumulation associated with failure of vas- 
cular grafts have all demonstrated increased 
expression of PDGF and its receptors by 
Northern (RNA) blot analysis, in situ hy- 

bridization, and immunohistochemistry (3, 
4). However, this association does not 
permit one to determine whether PDGF 
hnctions in the migration or proliferation 
of smooth muscle cells in lesions of ather- 
osclerosis or  graft restenosis. To determine 
whether PDGF is involved in these Dro- 

I 

cesses. we have examined an animal model 
of angioplasty, intraarterial balloon cathe- 
ter deendothelialization of the rat carotid 
artery. 

Deendothelialization with an intraarterial 
balloon catheter that dilates an artery induc- 
es injury to the innermost layers of medial 
smooth~muscle and may even kill some of 
the innermost cells. This is followed by a 
round of proliferation of the medial smooth 
muscle cells, after which many of them 
migrate into the intima through fenestrae 
(natural openings) in the internal elastic 
lamina and subsequently proliferate to 
form a neointimal lesion (5, 6). In the rat, 
smooth muscle proliferation, as deter- 
mined by the incorporation of [3H]thymi- 
dine autoradiography, reaches a maximum 
in the medial layer of the artery 48 hours 
after ballooning and in the intima of the 
artery after 96 hours (5). Although smooth 
muscle proliferation can persist near the 
luminal surface as late as 12  weeks after 
balloon injury, the number of arterial 
smooth muscle cells does not increase after 
2 weeks. The factors responsible for these 
events are not yet known. 

Balloon catheter iniurv of the rat carotid , , 
artery induces the expression of mRNA for 
both PDGF-A chain and the PDGF recep- 
tor a- and p-subunits in the resulting 
neointimal lesion (3). In this study, we used 
a goat polyclonal antibody to PDGF (anti- 
PDGF) to examine the formation of intimal 
lesions in the carotid artery after balloon 
catheter deendothelialization. Anti-PDGF 
immunoglobulin G (IgG) was adminis- 
tered to athymic nude (nu/nu) rats (7) 
before and after balloon catheter deendot- 
helialization of the carotid artery (8). We 
used athymic nude rats becausk of their 
inability to mount an immune response (9) 
to the large doses of antibody administered 
over 9 days. The neointimal response to 
balloon injury in the nude rat is essentially 
the same as that observed in other strains of 
rat (10). 

We obtained the polyclonaf antibody 'to 
human platelet PDGF by immunizing goats 
with PDGF prepared from human platelets 
(1 1, 12). The antibody was characterized for 
its ability to neutralize both chemotactic and 
mitogenic responses to PDGF in vitro be- 
fore being used in vivo (13) (Fig. 1). The 
anti-PDGF IgG neutralizes the mitogenic 
activity of all dimeric forms of human 
PDGF (13) and has no direct effect on other 
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