
of any of the three fragments generated 
by Xba I;  thus the SSV-related onc gene 
in humans is probably interrupted by 
noncoding sequences. 

The FeSV onc-specific probe also de- 
tected a single locus in human DNA 
digested with Eco RI (Fig. 2). The size of 
this fragment (16 kbp) is different from 
the one detected by SSV. Two and three 
bands, respectively, were produced by 
Pst I and Sac I (Fig. 2). The sum of the 
sizes of these fragments is again greater 
than that of the onc sequences. 

The HaMSV probe hybridized to one 
Hind 111 fragment and two Kpn I and 
Bam HI fragments of human DNA (Fig. 
2). Although HaMSV contains, in addi- 
tion to the onc gene, sequences homolo- 
gous to rat 30s RNA, the endogenous 
virus-like 30s RNA sequences would be 
expected to be less well conserved phy- 
logenetically than the onc sequences. 
However, we cannot rule out the possi- 
bility that a subset of the bands detected 
in human DNA is due to hybridization of 
the portion of HaMSV genome homolo- 
gous to the 30s RNA. 

Our studies confirm earlier observa- 
tions that the cellular onc genes are well 
conserved among vertebrate species. We 
were able to detect specific fragments in 
human DNA homologous to sarcoma 
viruses isolated from cat, rat, and pri- 
mate, using hybridization conditions of 
moderate stringency (50 percent forma- 
mide; triple-strength standard saline cit- 
rate; 60°C). Our results indicate that 
each cellular onc gene is confined to a 
single genetic locus, distinct from the 
loci of the others. In at least two cases, 
the size of the onc locus is greater than 
that of the viral onc specific sequences, 
suggesting the presence of intervening 
sequences not related to onc. This is 
borne out by direct cloning of the human 
cellular homologs of the FeSV- and SSV- 
related onc genes (27). The presence of 
introns has been reported in cellular onc 
genes of Abelson-MuLV (mouse) (28) 
and FeSV (cat) (23), and they may be a 
common feature of other onc genes. An 
exception is the Moloney-MSV system; 
where complete and uninterrupted ho- 
mology was observed between viral and 
cellular onc sequences (29). 

There are now about a dozen known 
viral onc genes. All of them may have 
counterparts in human DNA. The pres- 
ence of these genes in humans raises the 
question whether they are expressed 
constitutively or are turned on specifical- 
ly in certain differentiating or neoplastic 
cells. Since these genes have been con- 
veniently parceled into retroviruses, 
they can be used as probes to answer 
these questions. 

Note added in proof: In surveying a 
large number of human DNA samples, 
we have found more than one allelic 
forms of the onc loci of SSV and HaMSV 
(30). 
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Perivascular Meningeal Projections from Cat Trigeminal 
Ganglia: Possible Pathway for Vascular Headaches in Man 

Abstract. Peroxidase-containing cell bodies were found in the ipsilateral trigemi- 
nal ganglia after horseradish peroxidase was applied to the proximal segment of the 
middle cerebral artery in seven cats. Cell bodies containing the enzyme marker were 
located among clusters of cells that project via the Jirst division. The existence of 
sensory pathways surrounding large cerebral arteries provides an important neuro- 
anatomical explanation for the hemicranial distribution of headaches associated 
with certain strokes and migraine. 

The proximal segments of large cere- 
bral arteries are among the few struc- 
tures in the cranium which, when stimu- 
lated, give rise to the sensation of pain 
(1). Afferent nerve fibers that convey 
this information have not been identi- 
fied. However, the areas to which pain is 
referred (such as the forehead) suggest 
the possibility of a relation between the 
trigeminal nerve, which receives afferent 
fibers from the cranium, and head pain of 
vascular origin. Thus perivascular tri- 
geminal projections, transmitting senso- 
ry information from large cerebral arter- 
ies, may explain the unilateral head pains 
associated with certain vascular syn- 
dromes such as strokes, classical mi- 
graine, and cluster headaches (2). 

We have initiated neuroanatomical 
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studies to determine uptake and trans- 
port of horseradish peroxidase (HRP) (3) 
by neurons surrounding the middle cere- 
bral artery to cell bodies in the trigeminal 
ganglia. Our results indicate that, in the 
cat, sensory afferents surround the prox- 
imal segment of the middle cerebral ar- 
tery and project ipsilaterally from cell 
bodies in the first division of the trigemi- 
nal ganglia. Should such first-order affer- 
ent fibers exist in man ( I ) ,  this would 
provide an explanation for the distribu- 
tion of hemicranial vascular headaches. 

Using microsurgical techniques and a 
dissecting microscope (magnification, 
x25), we applied HRP to the right mid- 
dle cerebral artery in seven cats (2 to 4 
kg) (4). To restrict the diffusion of HRP 
away from the artery, HRP (3 mg) was 
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mixed with 3 g of the viscous polymer 
polyvinyl alcohol (16 percent, weight to 
volume) in distilled water and applied to 
the surface of the blood vessel with a 
spatula. Thus the local spread of HRP 
was limited to an area < 10 mm on either 
side of the vessel (5). After 72 hours the 
animals were perfused transaortically 
with 2.5 percent glutaraldehyde in 0. lM 
phosphate buffer @H 7.4). Both trigemi- 
nal ganglia were removed under the dis- 
secting microscope. In three animals, 
both superior cervical ganglia were re- 
moved and examined for HRP reaction 
product. The tissues were embedded in 
gelatin albumin (6), serially sectioned (30 
pm) in a freezing microtome, and pro- 
cessed with the chromogen tetramethyl- 
benzidine (7). Uncounterstained sections 
were examined under dark-field illumi- 
nation for the HRP reaction product. 

Peroxidase activity was identified in 
the cells of the ipsilateral trigeminal gan- 
glia in all seven animals (Fig. 1). The 
number of HRP-positive cells varied be- 
tween 1 and 20 per animal (approximate- 
ly 0.02 percent of trigeminal neurons) for 
a total of 63 cells. Their diameter ranged 
from 20 to 60 pm. No peroxidase-con- 
taining cells were observed in the contra- 
lateral ganglia of the trigeminal nerve. 
No endogenous peroxidase activity was 
detected in the bodies of trigeminal neu- 
rons, nor did HRP appear in ganglion 
cells after the tracing enzyme was placed 
on the meninges at a distance from large 

cerebral blood vessels (8). Horseradish 
peroxidase was also identified in cell 
bodies of the ipsilateral superior cervical 
ganglia. 

To identify the division within the tri- 
geminal ganglia in which neurons supply- 
ing perivascular afferents reside, HRP 
was applied to the proximal cut end of 
the supraorbital nerve-a branch of the 
ophthalmic division-in three cats (9). 
After 48 hours, the animals were per- 
fused with phosphate buffer (0. lM, pH 
7.4) containing 2.5 percent glutaralde- 
hyde and processed for the blue reaction 
product. In each of these studies, numer- 
ous cell bodies in the ipsilateral ganglia 
contained the transported HRP. The re- 
gional distribution of cell bodies that 
project via the supraorbital nerve ap- 
peared similar to the distribution of cell 
bodies 'that project to the perivascular 
plexus of the middle cerebral artery (Fig. 
2). This suggests that either the same 
neuron sends axons to both terminal 
fields or that each of these pathways 
modulates the activity of the other, ei- 
ther at the ganglia or distally. Modula- 
tion may also occur more proximally via 
axoaxonic synapses in the descending 
tract of the trigeminal nerve (10). A 
similar association may exist between 
vascular afferents and other branches of 
the ophthalmic division and between ex- 
tracranial arteries and the trigeniinal 
nerve. 

A number of clinical observations 

have been recorded in the human and 
other species to support the existence of 
a perivascular pathway for the transmis- 
sion of cerebrovascular pain. When pain 
accompanies the intracarotid injection of 
histamine or an occlusion of the middle 
cerebral artery or occurs during internal 
carotid angiography, it is most often lo- 
calized to one side of the forehead or 
behind the eye on that side (11). It also 
appears that an intact trigeminal path- 
way is required for headaches to be 
induced by the infusion of histamine 
(12); interruption of this ganglia or tract 
prevents the development of these head- 
aches and reportedly is the ,single most 
effective surgical procedure for relieving 
migraine headaches (13). The unilateral 
nature of the pathways from the first 
division of the trigeminal nerve agrees 
with the results of morphological (14) 
and clinical studies (15). but differs 
somewhat from the results of other stud- 
ies showing a transmedian distribution of 
afferents with the maxillary and mandib- 
ular divisions in other mammals (16). 
Our studies do not rule out the possibili- 
ty that perivascular fibers arise contralat- 
erally, but if they do they are too few to 
be visualized by current histochemical 
methods for tracing HRP. 

The limited number of HRP-positive 
cells which project from endings around 
the middle cerebral artery would in no 
way diminish the functional significance 
of this small population of neurons. The 

a Dorsal 
Anterior 2 ' 2 posterior 

3 '4 
Ventral 

b 
Posterior 
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Fig. 1 (left). (a and b) Dark-field photomicro- 
graphs of ipsilateral trigeminal ganglia neu- 
rons that are filled with typical granular reac- 
tion product. Note the peroxidase granules 

extending into cell processes. The arrows in (b) point to unlabeled cell bodies. Original magnification; (a) x 1000; (b) ~ 4 0 0 .  Fig. 2 (right). 
Schematic diagrams of representative horizontal sections through cat trigeminal ganglia. (a) Orientation adgles for the sections in (b) and (c). The 
large nerve trunk emerging most medially from the ganglia is the ophthalmic nerve, or the first division of the trigeminal nerve. (b) Localization 
and distribution of HRP-containing cells after enzyme marker was applied to the supraorbital nerve. The crosshatched areas represent the region 
occupied by cells containing HRP from ten adjoining sections. (c) Points depicting the location of HRP-containing neurons after the marker 
enzyme was applied to the proximal segment of the right middle cerebral artery in seven cats. Each diagram represents a composite of ten 
adjacent sections. 
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previously reported observation that 
only five HRP-positive cells were visual- 
ized after the marker enzyme was inject- 
ed into a pain-sensitive structure, tooth 
pulp (17), supports this notion. Never- 
theless, limited numbers of HRP-posi- 
tive cells found in our studies may reflect 
differences between species (cat versus 
human), the relatively small area to 
which HRP was applied, the wide recep- 
tive fields from which trigeminal neurons 
project (16), or perhaps the uptake prop- 
erties of these nerve terminals. The pos- 
sibility that other cranial nerves convey 
sensory information from meningeal 
blood vessels also deserves consider- 
ation. By "painting" HRP mixed with a 
polymer directly onto the surface of the 
middle cerebral artery, uptake of the 
marker by perivascular nerve endings 
was assured. In this instance, uptake 
presumably occurred within myelinated 
and poorly myelinated neurons sur- 
rounding large cerebral arteries (18). 
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Freeze-Fracture Cytochemistry: Replicas of Critical 
Point-Dried Cells and Tissues After Fracture-Label 

Abstract. Applications of the new fracture-labeling techniques for the observation 
of cytochemical labels on platinum-carbon replicas are described. Frozen cells, 
embedded in a cross-linked protein matrix, and frozen tissues are fractured with a 
scalpel under liquid nitrogen, thawed, labeled, dehydrated by the critical point 
drying method, and replicated. This method allows direct, high-resolution, two- 
dimensional chemical and immunological characterization of the cellular mem- 
branes in situ, as well as detection of sites within cross-fractured cytoplasm and 
extracellular matrix. 

Face views of biological membranes 
are revealed in platinum-carbon replicas 
of freeze-fractured cells and tissues. The 
fracture process appears to split regions 
of the membrane having a bilayer organi- 
zation (1). The bilayer continuum of bio- 
logical membranes is interrupted by inte- 
gral membrane proteins that may span 
the membrane. In freeze-fracture repli- 
cas, these proteins, and possibly their 
tightly associated lipids, interrupt the 
smooth fracture plane of the bilayer and 
appear as membrane particles. Charac- 
terization of the chemistry and topology 
of components represented by the mem- 
brane particles is derived from studies of 
freeze-etched surface-labeled mem- 
branes (2) and of recombinants of mem- 
brane lipids and integral proteins (3). The 
generalization of the correspondence be- 
tween integral membrane proteins and 
membrane particles is therefore inferen- 
tial and largely based on the qualitative 
homogeneity of the freeze-fracture mor- 
phology of all biological membranes. 

The low temperature (below - 100°C) 
and high vacuum (below 2 x 
mmHg) at which the fracture faces are 
produced and replicated have limited the 
development of techniques for cyto- 
chemical characterization of the identity 
and distribution of fracture face compo- 
nents. We have developed methods that 
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permit the cytochemical labeling of 
freeze-fractured cells and tissues and ob- 
servation of the labels by thin-section 
electron microscopy (4). These thin-sec- 
tion fracture-labeling methods involve 
grinding (that is, multiple fracture) of 
frozen cells and tissues that are im- 
mersed in liquid nitrogen. The fractured 
specimens are thawed, labeled, and 
processed for thin sectioning. Initial ap- 
plication of this method to the labeling of 
freeze-fractured erythrocytes (4) showed 
that anionic and lectin binding sites can 
be labeled on the fracture faces. In par- 
ticular, concanavalin A binding sites, 
associated in human erythrocytes to the 
band 3 component-a membrane-tra- 
versing protein and the principal compo- 
nent of the membrane particles-are par- 
titioned during fracture in a manner simi- 
lar to that of the particles: about 75 
percent of the label is seen on the inner, 
protoplasmic face ( 3 ,  and the rest is 
associated with the exoplasmic face of 
the membrane. This signifies that surface 
residues and chemical groups associated 
with integral membrane-traversing pro- 
teins may be dragged during fracture 
from their sites at the outer surface 
across the frozen outer half of the mem- 
brane. In addition, the process of frac- 
ture appears to cause exposure of addi- 
tional chemical groups which in the in- 
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