
Thus AIDS-KS cells synthesize and re- 
lease relatively large amounts of biologically 
active bFGF-like molecules and IL-1 that 
can induce self-proliferation. In addition to 
this autocrine growth effect, the released 
bFGF-like molecules also induce prolifera- 
tion of norn~ai endothelial cells (paracrine). 
In the human KS lesion, the proliferation of 
spindle cells, endothelial cells, and fibro- 
blasts is associated with angiogenesis and 
inflammatory cell infiltration (2-6). Interac- 
tion among endothelial cells, fibroblasts, 
and cells of the immune system induced by 
the bFGF-like molecule and IL-1 (and pos- 
sibly by the other cytokines expressed by 
AIDS-KS cells) could be responsible for the 
lesion induced in the nude mouse by the 
AIDS-KS cells (6) .  The data presented here 
thus support the idea (5, 6)  that, in humans, 
the putative novel growth factor released by 
CD4+ T cells infected with one of the 
human retroviruses (5)  initiates cellular 
events that lead to the production of cyto- 
kines and consequent cell growth and his- 
tologic changes relevant to the pathogenesis 
of AIDS-associated KS. 
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Dynamic Expression Pattern of the myc 
Protooncogene in Midgestation Mouse Embryos 

The c-myc protooncogene in mouse embryos was shown by RNA in situ hybridization 
to be preferentially expressed in tissues of endodermal and mesodermal origin. Most 
organs developing from the ectoderm, such as skin, brain, and spinal cord, displayed 
low levels of c-myc RNA. The thymus represented the only hematopoietic organ with 
high c-myc expression. In  organs and structures strongly hybridizing to c-myc probes, 
for example the fetal part of the placenta, gut, liver, kidney, pancreas, submandibular 
glands, enamel organs of the molars, and skeletal cartilage, the level of expression 
depended on the stage of development. Expression was observed to be correlated with 
proliferation, particularly during expansion and folding of partially differentiated 
epithelial cells. 

T HE PRODUCT OF THE c-myc PRO- 

tooncogene is thought to mediate 
the action of growth factors in many 

cell types ( I ) .  In general, c-myc expression 
seems to confer proliferation competence to 
cells and is switched off during terminal 
differentiation in differentiated leukemic 
cells of various lineages (2) .  To study the 
effect of c-myc on normal development and 
tumor formation, c-myc gene constructs 
have been introduced into the germ line of 
mice, allowing tissue-specific or generalized 
expression of its product (3). No gross 
developmental disturbances were observed 
in these transgenic animals, although tumor 
formation was increased in specific tissues or 
nonspecifically. 

To study c-myc in normal development 

Zimmerman ~t al. (4) observed c-myc expres- 
sion in whole embryos beginning &om day 
15 of embryonic development, but specific 
tissues werenot analvzed. In newborn-mice, 
generalized expression of c-myc in different 
tissues was observed. In human embryos, 
Pfeifer-Ohlson et al. ( 5 )  investigated c-myc 
expression by RNA in situ hybridization 
with '2S~-labeled DNA probes. The c-myc 
expression was low in embryos at 3 to 4 
weeks. However, embryos of 5 to 10 weeks 
displayed a high hybridization signal over 
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epithelial cells of the skin and the intestine, 
as well as some connective tissues. Also. the 
cytotrophoblasts of the placenta became la- 
beled. 

We have determined the pattern of c-myc 
expression in mouse embryos by using sin- 
gle-stranded "s-labeled RNA probes (6), 
which appear to be more sensitive and spe- 
cific in RNA in situ hybridization than 
DNA probes (7). Frozen sections of mouse 
embryos fiom days 12.5, 14.5, and 16.5 
after coitus were vrobed with labeled RNA 
probes specific for exons 1,2, or 3 of c-myc. 
Hybridization with sense-strand probes 
gave a uniformly distributed weak hybrid- 
ization signal at- all embryonal stages (Fig. 
1B). This background signal was strongest 
with the sense probe for exon 1 (8), which 
could represent nonspecific binding of the 
probe or low amounts of c-myc antisense 
RNA (9). 

Antisense probes for all three exons re- 
vealed an identical pattern of expression 
with slight differences in intensity. At all 
developkental stages examined, most of the 
embryo was labeled more strongly by anti- 
sense than by sense probes. At each stage, c- 
myc expression was much more pronounced 
in specific tissues (Fig. 1, A, C, and D, and 
Table 1). In contrast, the expression of a- 
fetoprotein, studied as another control, was 
res&cted to visceral endoderm and fetal 
liver and was stable throughout our period 
of observation (8). 

In the 12.5-day embryo, c-myc expression 
as measured by a probe for exon 2 was most 
apparent in the fetal part of the placenta, 
specifically in the chorionic villi of the laby- 
rinth (Fig. 2, A and B). Thus, expression 
occurs in the same cell type as in human 
placenta (5). Among individual villi, the 
signal was highly variable. Such heterogene- 
ity could reflect differences in proliferation 
between individual cell clusters as reported 
in the human placenta (5). Specific hybrid- 
ization to the maternal part of the placenta 
and the extraembryonic membranes that 
sustain erythropoi&is until around day 14 
was not observed on day 12.5 or at any 
other stage. 

The most intensely labeled organ of the 
fetus was the liver (Fig. 1A). Again the 
hybridization was discontinuously distribut- 
ed. Hematopoietic foci, as reveded by he- 
matoxylin and eosin staining, were mostly 
devoid of label (Table 1). The hepatocytes 
were heavily labeled, although the extent 
was variable. However, hepatocytes at this 
stage may not rdect a homogeneous popu- 
lation. Other organs of endodermal origin, 
such as the lung, pancreas, and other dis- 
cernible parts of the embryonal gut, also had 
intermediate to high levels of c-myc expres- 
sion (Fig. 1A). Although consisting of de- 

tennined cells, these organs are not yet 
functional at this stage. The metanephks 
anlage was also labeled; no discernible dif- 
ference was observed between cortical and 
meddar regions. In contrast, the meso- 
nephric tubules of the 10.5-day embryos did 
not exhibit conspicuous label (8). Because of 
their metarneric arrangement, the precartila- 
gineous masses of the cerebral vertebra, the 
spinal ganglia of the thoracic spinal cord, 
and somites 49 to 51 in the lumbar part 
appear prominent in Fig. 1A. 

the 14.5-day embryo expression was 
considerably reduced in the lung, liver, and 
placenta (8) (Fig. 1C). In the lung hybrid- 
ization was confined to the bronchial mes- 
enchyme. In the liver the signal was still 
restricted to hepatocytes. Megakaryocytes, 
which were identified easily by their large 
size, and other hematopoietic cells were only 

weakly labeled. In contrast, all cells of the 
thymus were labeled strongly. At this stage, 
the thymus contains a heterogeneous, inter- 
spersed population of stromal cells and T 
cells at various stages of maturation. Aside 
fiom the thymus, the gut epithelium was the 
most prominent site of c-myc expression at 
day 14.5 (Fig. 2, C and D). No activity 
above background could be discerned in the 
mesodermal layers of the gut where lympho- 
blastoid organs were developing. In the 
kidney the hybridization signal appeared 
weaker than at day 12.5 and was confined to 
the tubular epithelia (8). Glomeruli were not 
labeled. Similarly, the epithelial layer of the 
branching tubules were the main sites of c- 
myc expression in the pancreas. 

In the oral cavity the large tongue showed 
an unevenly dismbuted signal of intermedi- 
ate intensity. The tooth buds of the first 

Flg. 1. In situ hybridiza- 
tion analysis of c-myc 
expression in midgesta- 
tion mouse embrvos. 

Deciduas and embryos 
were isolated from preg- 
nant Rb (4.15) 4Rma 
mice and fixed immedi- 
ately in 4% paraformal- 
dehyde in phosphate- 
buffered saline. Cryostat 
sections of the embryos 
were placed on pretreat- 
ed (7) 3-aminopmpyl- 
methoxysilanecoated 
slides (19) and stored at 
- 70°C. Prehybridiza- 
tion was at 54°C for 2 
hours in 50% forma- 
mide, 10 mM tris, 10 
mM sodium phosphate, 
pH 6.8, 20 mM dithio- 
threitol, 0.2% Den- 
hardt's solution, 0.3M 
NaCI. Eschetichia coli 
RNA' (0.1 mglml), and 0.1 mM as-uridine triphosphate. Hybridization was carried out in the same 
solution supplemented with an RNA probe (80,000 cpmtpl) for 16 hours at 54°C. Slides were washed 
in hybridization solution for 2 hours and rinsed for 15 min in 0.5M NaCI, 10 mM tris, pH 7.5, and 1 
mM EDTA. The remaining unhybridized RNA probe was digested with ribonuclease A. The slides 
were washed again, dehydrated, and air-dried. After initial x-ray autoradiography, they were coated 
with a 1 : 2 dilution of Ilford K5 emulsion and exposed for 3 weeks at 4°C. The slides were developed in 
Kodak Dl9 developer and stained with Giernsa or hematoxylin and eosin. Dark-field illumination of 
embryo sections after hybridization with antisense (A, C, and D) or sense (B) probe. (A and B) sagittal 
section of 12.5-day mouse embryo; (C) sagittal section of 14.5-day mouse embryo; (D) sagittal section 
of 16.5-day mouse embryo; k, kidney; li, liver; lu, lung; and t, thymus. 
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Tabk 1. Illustration of the dynamic mode of c-myc expression in selected organs of midgestation mouse embryos. Values were determined by counting silver 
grains wer 100 individual cells for both sense and antisense RNA (3 + SEM); >25 indicates an intense signal where individual grains are not discernible. 

c-myc expression 

T i e  Day 12.5 Day 14.5 Day 16.5 

Antisense Sense Antisense Sense Antisense Sense 

Fetal placenta 
Gut epithelium 
=l"% 
H e p a w =  
Hematopoietic 

cells 
Kidney 
Thymus 
Glandula sub- 

mandibularis 
Preadipocytes 
Brain 
Pancreas 

Fig. 2. Photographs of selected mouse embryo 
tissues after hybridization to a c-myc antisense 
probe. On the left dark-field and on the right 
bright-field illumination; (A and B) 10.5-day 
placenta, hybridization is restricted to the fetal 
part; (C and D) 14.5-day gut; (E and F) 16.5-day 
gut, hybridization confined to q t s .  

molars in both the upper and lower jaws 
exhibited considerable c-myc expression in 
the enamel organ surrounding the dental 
papilla. At this stage the enamel epithelium 
is proliferating extensively while beginning 
cuspal morphogenesis (10). Thus, as in kid- 
ney, pancreas, gut, and liver, c-myc expres- 
sion in molars coincided with the extension 
and folding of epithelial cell layers. As in 
other stages, the antisense probe hybridized 
only slightly more strongly to the brain and 
spinal cord than the sense probe. In con- 
trast, the segmental pattern of the vertebra 
could be dearly discerned because of the 
specific labeling of the intervertebral disks. 

In 16.5-day embryos, strong expression 
of c-myc was confined to the thymus and the 
glandula submandibularis (Fig. 1D). A low- 
er level of expression was observed in the 
epithelia of the collecting tubules in the 

kidney, the acini and ducts of the exocrine 
pancreas, and the intestine. Although at 
earlier stages the labeling of the gut epitheli- 
um had been uniform, a gradient of expres- 
sion could now be discerned. The strongest 
labeling was found in the rapidly proliferat- 
ing cells inside the crypts (Fig. 2, E and F). 
The change in c-myc expression thus seemed 
to Mow the changing pattern of intestinal 
proliferation. In the liver and lung, the 
hybridization signal was even lower than at 
day 14.5 (Table 1). In the head the enamel 
organs of the first and second molar and the 
nasal-cavity epithelium displayed high c-myc 
expression. As observed in the 12.5- and 
14.5-day-old embryos, several structures de- 
rived fiom the sclerotome hybridized specif- 
ically, notably the precdage stages of the 
tracheal ring, the sternum, and the ribs. 
Dorsally the intervertebral disks were dis- 
cernible. The strongest signal middorsally 
represents rapidly growing fat-cell precur- 
sors forming the brown fat tissue (1 1). 

In conclusion, strong expression of c-myc 
was observed only in rapidly proliferating 
tissues, while c-myc was expressed to some 
extent in most, if not all, tissues of the 
mouse embryo; there was, however, prefer- 
ential expression in tissues derived fiom the 
embryonal gut and certain parts of the me- 
soderm. Other structures derived fiom me- 
soderm, such as the heart, skeletal muscles, 
and mesodermal linings of skin and gut, did 
not display more than background levels of 
hybridization throughout our observation 
period. If a c-myc-like activity were indeed 
indispensable for cell proliferation, a differ- 
ent protein would have to substitute for c- 
myc in thcse tissues. Expression of c-myc 
seems to be restricted to a particular stage of 
cell differentiation in some organs. This 
would agree with the finding that c-myc may 
be expressed late in B cell development (12). 

Its most significant role may be in the 
proliferation of determined, not yet com- 
pletely digerentiated cells during tissue ex- 
pansion. Examples of these regions are the 
branching of renal tubuli, pancreatic and 
glandular epithelia, extension of hepatic tra- 
beculae, and T cell development fiom lym- 
phoid stem cells. This hypothesis might also 
explain the conspicuous lack of c-myc expres- 
sion in the early lymphoid precursor cells in 
the yolk-sac mesoderm, liver, gut, and 
spleen. 

Expression of myc is enhanced in many 
tissues of the embrvo that are known to 
express myc after &formation in the adult. 
Elevated c-myc RNA has been found in T 
cell lymphomas (13), neoplastic (and hyper- 
plastic) liver (14), some gastric adenocarcin- 
omas (15), lung cancer (16), and polycystic 
kidney disease where epithelium-lined cysts 
are formed through extensive proliferation 
of renal tubules (1 7). Expression of c-myc in 
these rather well-differentiated tumors mav 
represent a reversion to a fetal mode of 
proliferation. 
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Perineurium Originates from Fibroblasts: 
Demonstration in Vitro with a Retroviral Marker 

A cellular sheath, the perineurium, forms a protective barrier around fascicles of nerve 
fibers throughout the peripheral nervous system. In a study to determine the cellular 
origin of perineurium, a culture system was used in which perineurium forms after 
purified populations of sensory neurons, Schwann cells, and fibroblasts are recom- 
bined. Before recombination, the Schwann cells or the fibroblasts were labeled by 
infection with a defective recombinant retrovirus whose gene product, P-galactosidase, 
is histochemically detectable in the progeny of infected cells. Perineurial cells were 
labeled when fibroblasts had been infected but not when Schwann cells had been 
infected. Thus, perineurium arises from fibroblasts in vitro and, by implication, in vivo 
as well. 

I N VERTEBRATE PERIPHERAL NERVES, 

axons are ensheathed by Schwann cells 
(SCs), and fascicles of axon-SC units are 

encircled by perineurium. The perineurium 
consists of concentric, flattened cellular lay- 
ers interspersed with clusters of collagen 
fibrils; individual perineurial cells are laden 
with vesicles and caveolae, extensively linked 
by tight junctions, and coated with basal 
lamina (basement membrane) on much of 
their surface (1, 2). The perineurium is 
virtually impermeable to all proteins that 
have been tested and restricts the passage of 
ions (for example, potassium and calcium) 
and small molecules (for example, glucose) 
(2). By forming a "tissue-nerve barrier," the 
perineurium regulates the endoneurial mi- 
lieu and protects axons and SCs from anti- 
gens, toxins, infectious agents, and abrupt 
changes in ionic composition (2, 3). Peri- 
neurial protection against infection may be 
particularly important near body surfaces, 
where fasicles of sensory fibers frequently 
become exposed after injury. In addition, 
the perineurium may engender adjustments 
in nerve length by contractile mechanisms, 
as judged by the high incidence of actin 
filaments and associated subplasmalemmal 
dense bodies in perineurial cells (4). 

A long-standing question about the peri- 
neurium is: What is its cellular source? Sev- 
eral candidates have been proposed (2, 5-7), 
but the two leading contenders have been 
SCs and fibroblasts (Fbs). (Occasional Fbs 
reside among axon-SC units, and Fbs form 
the cellular layers of the epineurium outside 
the perineurium.) When perineurium forms 
within developing (6) or regenerating (7) 
nerves in vivo, both Fbs and SCs are invari- 
ably present. In vitro, perineurium forms 
when pure populations of Fbs and SCs are 
combined with sensory neurons and cul- 
tured for several weeks; little or no perineu- 
rium forms when neurons are cultured with 
only Fbs or SCs (8, 9). However, it has been 
difficult to decide between Fbs and SCs as 
perineurial precursors because perineurial 
cells exhibit some properties of both cell 
types but are distinct from each one (10). 
Therefore, although indirect evidence favors 
the idea that perineurium arises from Fbs 
rather than SCs (7, 8), researchers studying 
peripheral nerve agree (1,2,5-7, 11, 12) that 
direct evidence on this point is lacking. 

To resolve this issue, we have paired two 
recently developed techniques. The first is a 
method whereby separately cultured neu- 
rons, Fbs, and SCs can be recombined to 

form a perineurium that exhibits many attri- 
butes present in vivo, that is, basal lamina, 
collagen fibrils, multiple cellular laminae, 
junctions of several types, and characteristic 
vesicles and caveolae (8, 9). The second is a 
method to permanently label the progeny of 
individual cells (13, 14). This method uses a 
recombinant retrovirus in which the Esche- 
vichia coli lacZ gene is substituted for retro- 
viral structural genes. When the retrovirus 
infects a dividing cell, the lacZ gene inte- 
grates into the host genome and is inherited 
by daughter cells. The lacZ-encoded P-galac- 
tosidase, which we designate lacZ, catalyzes 
a histochemical reaction that yields a blue 
product visible by light microscopy and an 
electron-dense product detectable by elec- 
tron microscopy. Most important for our 
purposes, the marker is not diluted by the 
numerous cell divisions that occur as the 
cultures develop. We were therefore able to 
prepare neuron-SC-Fb cultures containing 
either lacZ-oositive Fbs or lacZ-oositive SCs 
and then determine which combination gave 
rise to lacZ-positive perineurium. 

Dorsal root ganglia from 15-day rat fetus- 
es were dissociateh, placed in culture, and 
treated with an antimitotic agent to kill SCs 
and Fbs, leaving a purified neuronal popula- 
tion (15). The SCs cultured from separate 
ganglia were freed of Fbs as described (15), 
then resuspended and added to the neurons, 
whereupon they proliferated in response to 
a mitogen that axons present (16). Because 
the retrovirus infects only mitotically active 
cells (17), SCs were infected soon after 
addition to neurons to take advantage of the 
wave of SC proliferation that normally oc- 
curs; as expected, many axon-related SCs 
(-10% of the population) but no neurons 
became lacZ-positive. Embryonic Fbs were 
cultured from cranial periosteum and infect- 
ed separately, then added to the neuron-SC 
cultures 3 weeks later when the neuritic 
outgrowth had become populated with SCs. 
After assembly of the neuron-SC-Fb cul- 
tures, the cells were given differentiation- 
supporting medium in which SCs myelinate 
axons (15). Recognizable perineurium 
formed by 6 weeks of culture, although full 
differentiation requires additional weeks (9). 
Retroviral infection did not retard develop- 
ment, as demonstrated by extensive myelina- 
tion and perineurium formation in numer- 
ous cultures. After 6 to 8 weeks, the cultures 
were stained for lacZ (13) and prepared for 
microscopy (9, 18). 

Our consistent result was that infected 
Fbs but not infected SCs gave rise to lacZ- 
positive perineurial cells. In whole mounts 
of cultures containing neurons, uninfected 
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