
the implant and the close positional rela- 
tionship between this cell coating and the 
outgrowing axons (Fig. 2, B and C). 
Although, in the animal shown in Fig. 2, 
A and B, a few fibers grew medially for 
relatively long distances and seemed to 
terminate within the cellular coat, others 
grew laterally but eventually abandoned 
this surface to grow ventrally toward the 
hippocampal commissure (Fig. 2A) (9). 

Our ultrastructural analyses suggest 
that the cells that encase the cellulose 
bridges are a form of glia, probably as- 
trocytes. They have the ability, charac- 
teristic of young astrocytes, to actively 
enwrap outgrowing fibers (10). In addi- 
tion, they are rich in glycogen granules 
and intermediate filaments (11) (Fig. 2C). 
We do not yet know, however, if these 
glia are remnants of the original sling glia 
population that normally occupies the 
subcallosal region. 

It has not yet been determined wheth- 
er the newly formed callosal axons have 
grown to appropriate or nonappropriate 
targets and have formed functional syn- 
apses. In addition, we do not yet know if 
a critical period exists postnatally that, if 
allowed to pass, renders the callosal ax- 
ons refractory to further growth (12). If 
so, it may be possible, in older animals, 
ta stimulate Probst's fibers by inserting 
bridges impregnated with freshly "har- 
vested" embryonic glial tissues. Such 
procedures are a modification of those 
described recently by Kromer et al. (13), 
who used embryonic hippocampal im- 
plants as bridges to promote the re- 
growth of adult septa1 axons. 

Our data suggest that substantial num- 
bers of potentially misplaced callosal ax- 
ons in acallosal mice are capable at pre- 
natal and early postnatal stages, not only 
of further growth but of correctly orient- 
ed growth as well. The callosal axons 
display their most vigorous, contralater- 
ally directed growth response when they 
are confronted with a structure that re- 
sembles (in both cell type and orienta- 
tion) the environment through which the 
axons would have grown in the normally 
developing embryo. 

JERRY SILVER 
MICHAEL Y. OGAWA 

Department of Anatomy, School of 
Medicine, Case Western Reserve 
University, Cleveland, Ohio 44106 

References and Notes 

1. S. Ram6n y Cajal, Anat. Anz. 5, 111 (1890). 
2. M. Probst. Arch. Psvchiatw 34. 709 (1901). 
3. J. Silver, S. E. ~ o r c n z ,  D. ~ a h l s t e n ,  J. Cough- 

lin, J. Comp. Neurol. 210, 10 (1982). 
4. L. S. King, ibid. 64, 337 (1936); J. D. Loeser and 

E. C. Alvord, Brain 91,533 (1968); D. Wahlsten, 
Brain Res. 68, 1 (1974); J. Warkany, Congenital 
Malformations (Year Book, Chicago, 1971). 

5. C. A. L. Bassett, J. B. Cambell, J .  Husby, Exp. 
Neurol. 1, 386 (1959). 

6. G. Rager, S. Lausmann, F. Gallyas, Stain Tech- introduction of just any foreign material are 
no/. 54, 193 (1979). sufficient stimuli to promote further callosal 

7. In this regard, the number of normally late ar- growth. 
riving (after P4) callosal axons cannot solely, but 10. J. Silver and J .  Sapiro, J. Comp. Neurol. 202, 
perhaps part~ally, account for all those pres- 521 (1981). 
ent. 11. A. Peters, S. Palay, H. DeF. Webster, The Fine 

8. J. A. Sechzer, Exp. Neurol. 45, 186 (1974). Structure of the Nervous System (Harper & 
9. We have also used a variety of plastics that glia Row, New York, 1970). 

will not coat, and, in addition, we have quickly 12. K. Kalil and T. Reh, Science 205, 1158 (1979). 
inserted then extracted cellulose filters as con- 13. L. F. Kromer, A. Bjorklund, U. Stenevi, Brain 
trol implants. We have failed totally (0 in more Res. 210, 173 (1981). 
than 100 animals) In our attempt to redirect 14. Supported by NIH grant NS-15731. 
axons with these substances or procedures and, 
thus, neither the stab wound itself nor the mere 19 October 1982; revised 17 January 1983 

Identity of HeLa Cell Determinants Acquired by 
Vesicular Stomatitis Virus with a Tumor Antigen 

Abstract. Growth of vesicular stomatitis virus (VSV) in HeLa cells results in 
progeny containing non-VSV antigens with a molecular weight around 75,000. The 
non-VSV antigens were detected by antiserums to HeLa cell determinants. These 
antiserums precipitate whole virions but do not neutralize them. Because one of the 
antiserums is directed to a tumor-specific surface antigen of HeLa cells, it appears 
that VSV specifically acquires such antigens during its passage through human 
tumor cells. 

When different enveloped viruses in- 
fect the same cells, they often acquire 
each other's surface antigens during the 
maturational process (1, 2). Vesicular 
stomatitis virus (VSV) is especially ef- 
fective for demonstrating such pheno- 
typic mixing because it grows in almost 
every cell type and acquires antigens 
from enveloped RNA or DNA viruses (2, 
3). When VSV is grown in cell lines not 
known to harbor other enveloped virus- 
es, the progeny will acquire a subset of 
the antigens normally found at the cell 
surface (4-6). With murine L cells, the 
"cellular" antigens acquired by VSV 
progeny have been identified as glyco- 
proteins coded for by endogenous mu- 
rine leukemia viruses (;?. Therefore, 
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with human tumor cell lines, which are 
not known to contain endogenous retro- 
viruses, the "cellular" antigens acquired 
by VSV may, by analogy, be indicative 
of the expression of retrovirus-like gly- 
coproteins. 

Vesicular stamatitis virus grown in 
HeLa cells were precipitated, but not 
neutralized, by antiserums to HeLa cell 
determinants. Isolation of these determi- 
nants by immunoprecipitation and poly- 
acrylamide gel electrophoresis showed 
two or three specific polypeptides with 
molecular weights between 75,000 and 
100,000 (5, 6). Because the HeLa cells 
used in these experiments do not shed 
retrovirus-like virions (8), antiserum to a 
virus-specific glycoprotein of HeLa cells 
is not available. Therefore, the identity 
of the HeLa cell determinants acquired 
by VSV can be checked only with antise- 
rum that differentiates a tumorigenic in- 

Fig. 1. Immunoprecipitation of VSV made in 
HeLa (0) or in HMB2 melanoma cells (0) 
with antibodies to HeLa cell surface antigens 
and S ,  aureus cells. Details concerning virus- 
es, cells, and antiserums have been reported 
(5, 6 ,  9). The antiserums used were (a) sheep 
antiserum to VSV (ts045) made in HeLa cells 
absorbed with VSV-infected Chinese hamster 
ovary cells, (b) rabbit antiserum to tumorigen- 
ic HeLa-human diploid cell hybrids absorbed 
with corresponding nontumorigenic hybrids, 
and (c) rabbit antiserum to HeLa cells unab- 
sorbed. One hundred plaque-forming units of 
VSV in 50 p1 were mixed with 50 p1 of diluted 
antiserum, incubated for 30 minutes at room 
temperature, and then reacted with 1 ml of 0.2 
percent S. aureus. The mixtures were incu- 
bated for an additional 60 minutes at room 
temperature, then centrifuged for 7 minutes in 
a microcentrifuge (Eppendorf). Supernatants 
were plaque-assayed on Chinese hamster ova- 
ry cells for residual VSV infectivity. 
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traspecies hybrid of a HeLa cell and a 
diploid cell from its nontumorigenic 
counterpart (9, 10). The rationale behind 
this assay, again by analogy to some of 
the animal systems, is the possibility of 
an association between the expression of 
retrovirus env gene products and tumori- 
genicity. Moreover, growth of VSV in 
several other human tumor cell lines 
indicates that VSV acquires specific de- 
terminants that do not readily undergo 
serologic competition from extracts of 
normal cells (5). 

In the initial assay, three different anti- 
serums were compared for their ability 
to precipitate VSV grown in HeLa cells. 
These antiserums were (i) sheep antise- 
rum to VSV (ts045) grown at nonpermis- 
sive temperature in HeLa cells and ab- 
sorbed with wild-type VSV-infected Chi- 
nese hamster ovary cells (3 ,  (ii) rabbit 
antiserum to tumorigenic HeLa cell-dip- 
loid cell hybrids absorbed with nontu- 
morigenic HeLa cell-diploid cell hybrids 
(9), and (iii) rabbit antiserum to HeLa 
cells (6). Staphylococcus aureus (Cowan 
strain I) was added to detect immuno- 
precipitation, and the immune complex- 
es were precipitated by centrifugation, 
followed by a determination of the infec- 
tivity of residual virus in the supernatant 
(11). 

All three serums specifically precip- 
itated whole VSV grown in HeLa cells, 
but did not react to the same degree with 
VSV grown in human melanoma cells 
(Fig. 1). The latter served as a control for 
nonspecific human antigens (5). The 
antiserum to hybrid cells (9) was much 
less reactive than the other two serums, 
but the relative specificity for VSV 
grown in HeLa cells was apparent (Fig. 
lb). 

To determine which polypeptides ac- 
quired by VSV from HeLa cells were 
detected by these three antiserums, high- 
ly purified, radioiodinated VSV grown in 
HeLa cells was first precipitated with 
antiserum to VSV and S. aureus; the 
pellet was then washed and solubilized in 
detergent (6). After the bacterial com- 
plexes were removed by centrifugation 
the supernatant was mixed with each of 
the three HeLa cell-specific antiserums, 
and the precipitated antigens were exam- 
ined by gel electrophoresis (Fig. 2). As 
markers a preparation of VSV labeled in 
its structural proteins G, N, NS, and M 
was subjected to electrophoresis. Be- 
cause of the different strengths of the 
antiserums used, only qualitative com- 
parisons could be made. Three polypep- 
tides, migrating slower than the VSV 
glycoprotein G, were immunoprecipitat- 
ed. The two faster migrating bands were 

precipitated by both the sheep antiserum 
to VSV and the antiserum to HeLa cells 
(lanes a and c in Fig. 2, respectively), 
whereas the tumor-specific antiserum 
(lane b in Fig. 2) precipitated the two 
slower migrating bands. The antiserum 
to HeLa cells precipitated all three 
bands. 

Thus, one band was in common to all 
three antiserums. The relationship be- 
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Fig. 2. I nide gel el l  ;i.; o f  
cellular 11s found or vn in  
HeLn cells. I'ur~fled V S V  grown in HeLn 
cells was laheled with radio~~ct ive iodine az 
deccrihed (6). .A sample o f  \:SV containing 
approximatel\ 400.000 countimin ha\  purifietl 
further by immunoprecipitation with anti5e- 
rum to VSV and S. trrrrcvtr. The seclimented 
virions were disrupted with KlPA huffer ( I  
percent Triton X-100. 1 percent deoxycho- 
late, 0.1 percent \odium dodecyl \ulfrlte. 
0 . l5M NaCI, and O.05lY tris. p H  7 . 2 )  to re- 
lease virus-acsociated protein\. Portions of 
this zupernatant were incuh;ited \kith 5. trrtrc- 
Its and the following three rerums: llrine a )  
sheep antiserum to V S V  (ts035l grown in 
HeLa cells and ahcorhed with VSV-infected 
Chinese hamster ovary cells. at ;t dilution o f  
1 : 5 :  (lane h )  rahhit antiqerurn to tumorigenic 
HeLa-ciiploid cell hyhrid.; ahsorhed with cor- 
re.;ponding nontumorigenic hyhrid.;. used un- 
diluted: and (lane c )  rahhit antiserum to HeLa 
cells, unahsorhed. at ;I dilution o f  1 :  lo .  The 
hacterial pellet\ were then subjected to 
electrophoreris a5 describetl 161. Marker 
V S V  grown in hahy hamster kidncy cells and 
labeled with radioacti\,e iodine i\ shoupn in 
lane d. 

tween the three polypeptides can only be 
surmised at this time. Preliminary evi- 
dence suggests that the two slower mi- 
grating bands may be related to each 
other as precursor to product (12). The 
major tumor-specific antigen of HeLa 
cells is glycosylated and phosphorylated 
and is also at the cell surface (9); similar 
determinations on the antigens acquired 
by VSV will be necessary. The fastest 
migrating band may represent a human- 
specific antigen that is found in small 
amounts on diploid cells but is amplified 
in rapidly growing human tumor cells. 
Current efforts are aimed at establishing 
monoclonal antibodies that would fur- 
ther establish the identity and determine 
the relationship, if any, between the pre- 
cipitated HeLa cell determinants. 

Despite our lack of knowledge con- 
cerning the mechanism by which VSV 
acquires such specific proteins during its 
budding process, VSV provides a power- 
ful biological tool for concentrating and 
highlighting human cell surface antigens 
that appear to be not just tumor-associat- 
ed but tumor-specific. Immunoprecip- 
itation of such VSV grown through tu- 
mor cells and the sensitivity of the 
plaque assay on residual virus provide 
a rapid assay for selecting monoclonal 
antibodies against potential tumor-spe- 
cific cell determinants. Also, such sensi- 
tive plaque assays and the monoclonal 
antibodies may provide a rapid screening 
procedure for diagnosing the presence of 
tumor antigens or host antibodies to 
these antigens. This in turn may lead to 
an understanding of the role such anti- 
gens may have in neoplasia. 
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Adrenocorticotropic Hormone Causes Long-Lasting Potentiation 

of Transmitter Release from Frog Motor Nerve Termidals 

Abstract. Exposure of frog neuromuscular preparations to adrenocorticotropic 
hormone for several minutes increased both nerve-evoked and spontaneous trans- 
mitter release for several hours. No changes in postsynaptic sensitivity to transmitter 
were detected. The long-lasting potentiation shows little sensitivity to changes in 
extracellular calcium concentration and seems to be entirely presynaptic in origin. 

Recent studies suggest that adrenocor- 
ticotropic hormone (ACTH) has a broad 
distribution in the nervous system (I) 
and exerts a wide spectrum of physiolog- 
ical, behavioral, and biochemical actions 
( 2 ) ,  in addition to its well-known func- 
tion in stimulating the adrenal cortex. In 
this report we show that ACTH and 
some closely related peptides produce a 
long-term increase in amplitudes of end- 
plate potentials (EPP's) and frequency of 
miniature end-plate potentials (mEPP's) 
in frog cutaneous pectoris and sartorius 
neuromuscular preparations. These ef- 
fects appear to be entirely presynaptic in 
origin. 

Purified porcine ACTH(1-39) (Sigma), 
synthetic melanocyte-stimulating hor- 

mone (a-MSH) (Sigma), synthetic 
ACTH(4- 10) (Peninsula), and ACTH(1-24) 
(Organon) at concentrations of 0.2 to 2 
mM in water were kept frozen until 
ready for use, then diluted into saline at 
0.4 to 10 pM. The normal Ringer solu- 
tion contained 116 mM NaC1,2 mM KC1, 
1.8 mM CaC12, and 5 mM D-glucose, 
buffered at pH 7.2 with 5 mM Hepes. 
Nerve-evoked contractions were blocked 
by adding d-tubocurarine chloride (1 to 5 
p,g/ml) (Sigma) or by lowering CaC12 and 
adding MgC12, adjusting NaCl to main- 
tain isosmolarity; [Na'] varied less than 
5 percent, which was too little to affect 
release appreciably (3). Preparations 
were constantly superfused with Ringer 
solution at temperatures between 12" and 

(Grass). 
During and after a 15- to 30-minute 

exposure to ACTH, the amplitudes of 
the synaptic potentials increased slowly 
to a level sometimes exceeding twice the 
control value (Fig. 1A). Figure 1B shows 
representative EPP's from an experi- 
ment on a sartorius nerve-muscle prepa- 
ration. This increase in amplitude was 
generally sustained: the preparation nei- 
ther recovered from the effects of ACTH 
nor responded to a second trial of hor- 
mone for as long as 4 hours after the first 
exposure. The increase in amplitude 
ranged from 16 to 106 percent, depend- 
ing on hormone concentration (Fig. 2), in 
17 cutaneous pectoris muscle fibers from 
12 frogs. Sartorius preparations varied 
more: in three of seven fibers we saw 
little or no increase in amplitude in re- 
sponse to ACTH (4). 

The augmentation of synaptic poten- 
tials was observed also with a-MSH and 
ACTH(1-24), peptides closely related to 
ACTH, although slightly higher concen- 
trations were necessary than with 
ACTH(1-39) (Fig. 2). ACTH(4-10) pro- 
duced no discernible response. 

The EPP amplitudes were analyzed for 
quanta1 content by the methods of fail- 
ures and of coefficient of variation (5). 
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Fig. 1. (A) Effect of ACTH on EPP ampl~tudes. After a 30-minute control period, ACTH(1-24) was applied to a cutaneous pectoris preparation at 
a concentration of 1 3 pM for 18 m~nutes ([ca2+1 = 0 9 mM, [Mg2+] = 6 mM). Each point is the average of 100 EPP's evoked by nerve 
st~mulat~on at 0.33 Hz Error bars are standard dev~ations; the standard error of the mean was less than 3 percent (about the slze of the data 
marks). The ordinate is EPP amplitude normallzed to the average dur~ng the control period. The ACTH-induced Increase In this fiber was 69 
percent and was stable until the penetration was lost (B) Average of two groups of 100 EPP's recorded from a sartorius muscle fiber before (top) 
and 200 seconds after (bottom) 3 9 pM ACTH(1-39) was added to the bathing med~um (0 5 mM [Ca2+], 2.5 mM [Mg2+]). Insets show individual 
EPP's from the same period All calibration bars are 1 mV and 10 msec (C) Effect of ACTH on mEPP frequency and amplitude. After a 45-minute 
control period, ACTH(1-39) was added for 20 minutes at a concentration of 1.3 pM (5 pglml) ([Ca2+] = 1 8 mM, [Mg2+] = 0 mM). Values were 
normalized to averages obtained during the control period Frequencies and amplitudes were calculated by counting and measuring the mEPP's 
in 1-minute time periods Because of the very low mEPP frequency (0.1 to 0 2 Hz), frequency and amplitude data were subsequently smoothed 
with a movlng average (bin width, 10 minutes; At = 1 minute) 
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