antigens or a complex of virus with self-
components, as hypothesized in account-
ing for this phenomenon (29), could well
underlie the tumor regression occurring
in chickens genetically resistant to Mar-
ek’s disease.

In view of the immunological signifi-
cance of the major histocompatibility
complex across species, and the prob-
able nature of immunological resistance
to Marek’s disease, our finding suggests
that the high degree of resistance to her-
pesvirus tumorigenesis in individual
chickens possessing the B?! alloallele re-
sults from cell-mediated immunity.

W. ELwooD BRILES
Department of Biological Sciences,
Northern lllinois University,
DeKalb 60115
HowARD A. STONE
Regional Poultry Research Laboratory,
Agricultural Research Service,
U.S. Department of Agriculture,
East Lansing, Michigan 48823
R. K. CoLE
Department of Poultry Science,
Cornell University,
Ithaca, New York 14850

References and Notes

1. R. K. Cole, Avian Dis. 12,9 (1968); in Oncogen-
esis and Herpesviruses, P. M. Biggs, G. de Thé,
L. N. Paye, Eds. (Publ. No. 2, International
Agency for Research on Cancer, Lyons,
France, 1972), p. 123.

2. M. Sevoian, D. M. Chamberlain, F. T. Counter,
Vet. Med. 57, 500 (1962).

3. W. E. Briles, W. H. McGibbon, M. R. Irwin,
Genetics 35, 633 (1950); W. E. Briles, C. P.
Allen, T. W. Millen, ibid. 42, 631 (1957). Allele
designations in the present report, B'3, B'®, and
B?!, are presumed on the basis of current reac-
tion patterns to be identical with corresponding
alleles in the latter reference.

. M. P. Hansen, J. N. Van Zandt, G. R. J. Law,
Poult. Sci. 46, 1268 (1967).

. R. N. Brewer, C. H. Moore, L. W. Johnson,
ibid. 48, 1790 (1969).

6. W. E. Briles and W. L. Oleson, ibid. 50, 1558

(1971); W. E. Briles, in First World Congress on

Genetics Applied to Livestock Production (Gré-

ficas Orbe, Madrid, 1974), vol. 1, pp. 299-306.

W. E. Briles and H. A. Stone, Poult. Sci. 54,

1780 (1975).

. W. E. Briles, R. W. Briles, W. H. McGibbon,
V. A. Garwood, P. C. Lowe, in preparation.

9. W. E. Briles, W. H. McGibbon, H. A. Stone,
Poult. Sci., in press; W. H. Stone, W. H.
McGibbon, W. E. Briles, in preparation.

10. D. A. Higgins and B. W. Calnek, Infect. Immun.
11, 33 (1975).

11. 1. F. Carte, C. R. Weston, J. H. Smith, Poult.
Sci. 48, 1793 (1969); J. R. Morris, A. E. Fergu-
son, F. N. Jerome, Can. J. Anim. Sci. 50, 69
(1970); L. N. Payne and M. Renrie, J. Natl.
Cancer Inst. 45, 387 (1970); W. W. Fernando
and B. W. Calnek, Avian Dis. 15, 467 (1971); J.
M. Sharma and R. L. Witter, Cancer Res. 35,
711 (1975).

12. J. M. Sharma, R. L. Witter, H. G. Purchase,
Nature (London) 253, 477 (1975).

13. J.J. T. Owen, M. A. S. Moore, P. M. Biggs, J.
Natl. Cancer Inst. 37, 199 (1966); S. E. Bloom,
Avian Dis. 14, 478 (1970).

14. B. W. Calnek, H. K. Adldinger, D. H. Kahn,
Avian Dis. 14, 219 (1970); B. W. Calnek and H.
K. Adldinger, ibid. 15, 508 (1971); G. H. Bur-
goyne and R. L. Witter, ibid. 17, 824 (1973).

15. R. L. Witter, J. J. Solomon, L. R. Champion, K.
Nazerian, ibid. 15, 346 (1971).

16. R. L. Witter, J. M. Sharma, J. J. Solomon, L. R.
Champion, Avian Pathol. 2, 43 (1973); J. M.
Sharma, R. L. Witter, B. R. Burmester, Infect.
Immun. 8, 715 (1973).

17. B. W. Calnek, J. Natl. Cancer Inst. 51, 929
(1973).

W s

® =

14 JANUARY 1977

18. H. Shieh and M. Sevoian, in Abstracts of the
Annual Meeting of the American Society for
Microbiology, New York, 1975, p. 79; private
communication.

19. B. Benacerraf and H. O. McDevitt, Science 175,
273 (1972).

20. I. Green, Immunogenetics 1, 4 (1974).

21. J. Klein, Biology of the Mouse Histo-
compatibility-2 Complex (Springer-Verlag, New
York, 1975), pp. 192-219.

22. E. Mozes, Immunogenetics 2, 397 (1975).

23. A. O. Vladutiu and N. R. Rose, ibid. 1, 305
(1974).

24. L. W. Schierman and A. W. Nordskog, Science
134, 1008 (1961); W. P. Jaffe and E. M. McDer-
mid, ibid. 137, 984 (1962); D. G. Gilmour, Hered-
ity 18, 123 (1963); R. E. Gleason and R. C.
Fanguy, Transplantation 2, 509 (1964).

25. E. Giinther, J. Balcarovd, K. Hdla, E. Riide, T.
Hraba, Eur. J. Immunol. 4, 548 (1974); A. A.
Benedict, L. W. Pollard, P. R. Morrow, H. A.
Abplanalp, P. H. Maurer, W. E. Briles, Immu-
nogenetics 2, 313 (1975); A. A. Benedict and L.

W. Pollard, in Immunologic Phylogeny, W. H.
Hildemann and A. A. Benedict, Eds. (Plenum,
New York, 1975), p. 421.

26. 1. Pevzner, A. W. Nordskog, M. L. Kaeberle,
Genetics 80, 753 (1975).

27. J. Karakoz, J. Krejéi, K. Hdla, B. Blaszczyk, T.
Hraba, J. Pekarek, Eur. J. Immunol. 4, 545
(1974). ) .

28. L. D. Bacon, J. H. Kite, N. R. Rose, Science
186, 274 (1974).

29. P. C. Doherty and R. M. Zinkernagel, J. Exp.
Med. 141, 502 (1975); J. Immunol. 114, 30
(1975); P. C. Doherty, M. B. C. Dunlop, C. R.
Parish, R. M. Zinkernagel, ibid. 117, 187 (1976).

30. Supported in part by research grant CA-12796
from the National Cancer Institute, Department
of Biological Sciences, Northern Illinois Univer-
sity Contribution No. 528. We thank R. L. Witter
and W. H. McGibbon for helpful discussions and
R. W. Briles and W. Payne for technical assist-
ance.

17 June 1976; revised 13 September 1976

Glia Maturation Factor: Effect on Chemical

Differentiation of Glioblasts in Culture

Abstract. A protein factor from the adult brain increases the concentrations of
adenosine 3',5'-monophosphate and S-100 protein in glioblasts in culture. Such
changes are correlated with the outgrowth of cell processes.

The correlation of morphological and
chemical differentiation at the cellular
level is basic to the understanding of life
forms and processes. We recently de-
tected in adult brains a protein factor
which is capable of inducing histotypic
maturation of glioblasts in culture (7, 2).
The morphological transformation re-
sults from the retraction of cell bodies
and the active extrusion of processes.
We now attempt to relate the morpholog-
ical change with the chemical evidence
of differentiation.

Brain cells were dissociated from 17-

day fetal rats (Sprague-Dawley) and
seeded in Falcon plastic culture flasks as
previously described (2). After the cells
were carried into the second passage, the
glioblasts, now free of neuroblast con-
tamination, were exposed to a medium
consisting of F,, nutrient (3), 5 percent
fetal calf serum, and 100 ug of the glia
maturation factor per milliliter [glia mat-
uration factor was prepared from pig
brain by step III of the published pro-
cedure (2)]. The cells were grown at
37°C in an atmosphere of 5 percent
(by volume) CO, in air and 100 per-

Table 1. Effect of glia maturation factor on concentrations of cyclic AMP and S-100 protein in
glioblasts. Control and experimental cells were paired cultures of glioblasts grown in the absence
and presence, respectively, of the factor. Falcon flasks having a surface area of 75 cm? were used.
The days indicate the periods after exposure to the factor. For cyclic AMP determination, the
incubation medium was decanted from the flasks and the monolayer was rinsed for 2 seconds with
ice-cold 0.15M NaClin 0.02M tris-HCI, pH 7.4 (tris-saline), and immediately mixed with 5 ml of
cold 5 percent trichloroacetic acid (TCA). The cells were scraped off with a rubber policeman
and homogenized with a ground glass homogenizer. Subsequent steps and cyclic AMP assay
were as described by Gilman (5). Protein was determined (6) in the TCA precipitate after dis-
solving it in 0.1N NaOH. Duplicate flasks were pooled and results from four pools were averaged
and presented as mean * standard deviation (S.D.). For S-100 determination, the monolayer was
rinsed twice with ice-cold tris-saline. The cells from two flasks were combined and scraped into
2.5 ml of tris-saline containing 0.1 mM EDTA. The cell suspension was homogenized and subse-
quently sonicated with two 5-second bursts at 50 watts an output. After centrifugation at 30,000g
for 45 minutes, the supernatant was dialyzed against two changes of tris-saline. The extracted
S-100 was assayed by the microcomplement fixation test, using pure S-100 protein and its anti-
serum prepared by one of us (B.W.M.). Protein was determined (6) in the supernatant. Results
from four pools were averaged and presented as mean + S.D.

Cyclic AMP (pmole/mg protein)

S-100 protein (ng/100 g protein)

Days
Control Experimental Control Experimental
0 22 £2 22+ 1 7.6 = 0.1 7.5 0.1
1 25+ 3 24 £ 2 5.0 = 0.1 5.2 %0.2
4 24 =2 70 £ 13* 6.0 = 0.7 353 = 0.8*
7 20+ 5 66 = T* 54 *0.5 50.3 £ 1.2%
*Significantly different from controls, P < .001.
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cent relative humidity. Feeding was car-
ried out every other day with the medi-
um described above.

The appearance of the glioblasts,
which originally resembled an epithelial
cell carpet, was transformed in 1 day by
the factor into that of a cell net of inter-
connected, multipolar astrocytes. Pro-
longed culture of the cells in the pres-
ence of the factor led to further exten-
sion of the processes so that the picture
of a crisscrossing network emerged be-
tween 4 and 7 days. Table 1 shows the
concentration of adenosine 3’,5'-mono-
phosphate (cyclic AMP) and S-100 pro-
tein in these cells. No change could be
detected at the 1-day point, but consid-
erable increases in these compounds
were observed thereafter. At the 7-day
point, the concentrations of cyclic AMP
and S-100 in the experimental cells were
three times and nine times, respectively,
those in the control cells.

Cyclic AMP and the glia-specific pro-
tein S-100 (4) were chosen in this work as
the chemical indicators of glioblast matu-
ration. This study shows that although
chemical differentiation does not pre-
cede or accompany the initial morpholog-
ical change (at the 1-day point), where
cell retraction is the main feature, it is
correlated with the long-term morpholog-
ical effect (4- and 7-day points), where
process elongation is the major event.
While the exact relationship between

chemical and morphological differ-
entiation in the glioblasts requires fur-
ther investigation, the data reported here
strongly suggest that they are parallel
events triggered by the same maturation
factor.
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A

Glial-Neural Interaction Demonstrated by the Injection

of Na' and Li" into Cortical Glia

Abstract. Injection of Na* or Li* into cortical glia evokes glial depolarization, dis-
charge of adjacent neurons, and vascular pulsation. The effects can be explained by
the extrusion of K* from glia after cation injection, glial swelling, and the slow re-
moval of the cation from glia. The data suggest that the reduced rate of reuptake of
K*into Na™-loaded glia results in epileptiform firing of neurons, and support the hy-
pothesis that glia function to buffer the environment of neurons.

Neuronal discharge evokes depolariza-
tion of glia that is mediated by K* re-
leased from neurons (7). It has been sug-
gested that during depolarization the glia
take up K* to maintain the constancy of
the neuronal environment by a process
termed spatial buffering (2). The spatial
buffering hypothesis predicts that gener-
alized glial depolarization would inter-
fere with glial uptake of K*. It has also
been proposed that disturbance of glial
uptake of K* in areas of injury could be a
contributing cause in the generation of
epileptic neuronal discharge (3). These
hypotheses were investigated by in-
jecting Na* and Li* into glia with the ob-
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jective of electrochemically displacing
the intracellular K* and depolarizing the
glia so that the effect on the activity of ad-
jacent neurons could be studied.
Intracellular recordings in the motor
cortex of cats anesthetized with pen-
tobarbital were obtained with beveled mi-
cropipettes (tip resistances, 15 to 30 meg-
ohms) filled with 0.5 to 3M solutions of
NaCl, LiCl; LiCO,, or KCIl. Glia were
identified by a stable membrane potential
of —95 to —70 mv, the presence of slow
depolarizations of 2 to 4 mv during elec-
trocortical spindle bursts, and the ab-
sence of spike and synaptic potentials
on penetration (4-6). Iontophoretic in-

jection of ions was carried out with cur-
rent pulses of 0.1 — 1 X 107® amp and
100 msec duration (7-9).

Single injections of Na* into glia with a
1 X 107% amp pulse (10, 11) evoked glial
depolarizations of 7 to 30 mv in 90 per-
cent of over 200 glia (Figs. 1 and 2). Re-
polarization had a duration of 3 to 20 sec-
onds in different cells, and had an irregu-
lar course, marked by small depolarizing
shifts of potential, quite different from
the smoothly decaying repolarization
that glia exhibit after neural activity
evoked by thalamocortical stimulation
(4). When two injections were made at in-
tervals greater than 20 seconds, depolari-
zations of approximately equal ampli-
tude were evoked. The rate of repolariza-
tion after the second injection was often
more rapid than after the initial injection
(Fig. 2B). However, if injections were
made at shorter intervals the depolariza-
tions were initially additive. A train of in-
jections produced an incrementally in-
creasing series of depolarizations for the
first two to four pulses of the train, fol-
lowed by a plateau of depolarization, and
then repolarization despite continued in-
jection (Fig. 1, third injection). Glial re-
sponses to Li* injection were similar to
those evoked by Na*. The depolariza-
tion was generally larger, and repolariza-
tion was more rapid. Repolarization was
followed by hyperpolarization of 2 to §
mv in some glia.

In Na*- and Lit*-injected glia we re-
corded, through the glial membrane, the
high-frequency discharge of neurons dur-
ing the period of glial depolarization.
Neuronal spike discharges, generally of
low frequency, have occasionally been
recorded in uninjected glia (4, 12). In con-
trast, an intense multiunit discharge com-
posed of spikes of different amplitudes
was detected, by means of auditory and
oscilloscopic monitoring in all glia de-
polarized by cation injections. Sub-
sequent injections evoked more intense
and larger discharges than the initial in-
jection (Fig. 2A). The spikes were as
large as 20 mv in some cases and could
be resolved by the ink-writing pen of the
oscillograph. When the spikes were of
large amplitude, the cessation of neural
firing was often accompanied by an
abrupt return of the glial membrane po-
tential to preinjection levels (Fig. 2A,
middle trace). This suggests that the glial
depolarization recorded after cation in-
jection may be in part mediated by K* or
other substances released by active adja-
cent neurons.

Repetitive Nat and Li* injections also
evoked a marked increase in the vascular
pulsations that are recorded as small os-
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