the production of TTX-sensitive fast Na+
channels. However, one similarity between
these two studies is the effect of protein
synthesis on membrane channels. There is
evidence that the changes induced by ex-
ogenous mRNA are stable (/7); that is,
once the messenger has been removed, ei-
ther by degradation or by changing the me-
dium, the induced alterations persist. Al-
ternatively, translation of the exogenous
messenger taken up may lead to synthesis
of stable membrane proteins with a low
turnover rate, mimicking a stable genetic
alteration (/8). Although the mRNA used
here is heterogeneous, one messenger must
control synthesis of fast channel protein,

while another could affect Py, resulting in -

the observed increase in resting potential.
MICHAEL J. MCLEAN
JEAN-FRANCOIS RENAUD
NICK SPERELAKIS
Department of Physiology,
University of Virginia School of Medicine,
Charlottesville 22903

MANN CHIANG Niu
Department of Biology, Temple

University, Philadelphia, Pennsylvania

References and Notes

1. G. le Douarin, G. Obrecht, E. Coraboeuf, J. Em-
bryol. Exp. Morphol. 15, 153 (1966).

. N. Sperelakis and K. Shigenobu, J. Gen. Physiol.
60, 430 (1972).

. N. Sperelakis, in Electrical Phenomena in the

Heart, W. C. de Mello, Ed. (Academic Press, New

York, 1972), p. 1.

K. Shigenobu and N. Sperelakis, J. Mol. Cell. Car-

diol. 3, 271 (1971); N. Sperelakis, K. Shigenobu,

M. J. McLean, in Developmental and Physiologi-

cal Correlates of Cardiac Muscle, M. Lieberman

and T. Sano, Eds. (Raven, New York, 1975), p.

209.

. E. Carmeliet, R. Horres, M. Lieberman, J. Ve-
reecke, in Developmental and Physiological Cor-
relates of Cardiac Muscle, M. Lieberman and T.
Sano, Eds. (Raven, New York, 1975), p. 103.

6. N. Sperelakis and K. Shigenobu, J. Mol. Cell. Car-
diol. 6,449 (1974); N. Sperelakis, M. S. Forbes, K.
Shigenobu, S. Coburn, ibid., p. 473; K. Shigenobu
and N. Sperelakis, Dev. Biol. 39, 326 (1974); J.-F.
Renaud and N. Sperelakis, uppublished observa-

W N

Rl

w

tions.

7. M. J. McLean and N. Sperelakis, unpublished ob-
servations.

8. R. L. DeHaan, T. F. McDonald, H. G. Sachs, in

Developmental and Physiological Correlates of
Cardiac Muscle, M. Lieberman and T. Sano, Eds.
(Raven, New York, 1975), p. 155. Consistent with
these results, we have found in preliminary experi-
ments that 4 Vnaxdoes increase slightly in some
reaggregates not treated with mRNA, particularly
in those of larger diameter; however, these reaggre-
gates are never completely sensitive to TTX.

9. N. Sperelakis and D. Lehmkuhl, Am. J. Physiol.
216, 693 (1965); A. J. Pappano and N. Sperelakis,
ibid. 217, 615 (1969).

10. M. J. McLean and N. Sperelakis, Exp. Cell Res.
86, 351 (1974).

. Dev. Biol., in press.

12. M. C. Niu and A. K. Deshpande, J. Embryol. Exp.
Morphol. 29, 485 (1973); A. K. Deshpande, L. C.
Niu, M. C. Niu, in The Role of RNA in Reproduc-
tion and Development, M. C. Niu and S. J. Segal,
Eds. (North-Holland, Amsterdam, 1973), p. 229.

13. G. Schutz, M. Beato, P. Feigelson, Proc. Natl.
Acad. Sci. U.S.A. 70,1218 (1973).

14. SeeJ. A. Schneider and N. Sperelakis, J. Mol. Cell.
Cardiol. 7,249 (1975) for review.

15. P. M. Bhargava and G. Shanmugam, Prog. Nucle-
ic Acid Res. Mol. Biol. 11, 103 (1971).

16. T. F. McDonald, H. G. Sachs, R. L. DeHaan, J.
Gen. Physiol. 62,286 (1973).

17. M. C. Niy, L. C. Niu, S. F. Yang, in The Role of
RNA in Reproduction and Development, M. C.
Niu and S. J. Segal, Eds. (North-Holland, Amster-
dam, 1973), p. 90.

23 JANUARY 1976

18. Frog sartorius muscle can be organ-cultured for up
to 40 days in the presence of cycloheximide with-
out reduction in 4V, or TTX sensitivity, in-
dicating that the fast Na* channels are very stable
(N. Sperelakis and W. Stephens, unpublished ob-
servations).

19. This work was supported by PHS grant
SSOIRR05431-13. M.J.M. is a predoctoral trainee

supported by NIH training grant HL-05815.
J.-F.R. is a postdoctoral fellow supported by the
General Delegation for Scientific and Technical
Research of France. We thank R. Gaemon for
generously preparing some of the purified mRNA
from adult chicken heart.

11 September 1978; revised 20 October 1975

BCG Inhibition of Murine Leukemia: Local Suppression

and Systemic Tumor Immunity Require Different Doses

Abstract. The quantitative relationships between bacillus Calmette-Guérin (BCG ) and
tumor cells which are optimal for suppressing the growth of tumor cells in BCG-tumor
cell mixtures are detrimental to the development of a sustained, systemic tumor rejection

immunity in the LSTRA murine leukemia.

The bacillus Calmette-Guérin (BCG)
strain of Mycobacterium bovis has become
a popular agent for immunotherapy of
cancer (/). Its action may involve com-
binations of several mechanisms: (i) gener-
alized (‘“nonspecific”’) stimulation of im-
mune responses and lymphoreticular activ-
ity, following systemic administration (not
in proximity to tumor cells) (2); (ii) local,
nonspecific destruction of tumor cells at
the site of a delayed hypersensitivity re-
sponse to BCG (““innocent bystander” ef-
fect) (3, 4); and (iii) true adjuvant effect,
wherein administration of BCG in tempor-
al and spatial proximity to tumor cells (ei-
ther mixed in the same inoculum or by in-
filtration of tumor nodules) results in aug-
mented development of systemic, tumor-
specific rejection immunity (5, 6). In the
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Fig. 1. Survival of mice that received intra-

dermal injections of admixtures of LSTRA cells
and BCG (pooled data of two experiments). (A)
Proportion of mice in which growth of the
LSTRA cells in the admixture was suppressed.
(B) Proportion of mice (survivors of the admix-
ture injections) that rejected a challenge injec-
tion of 10* LSTRA cells given intradermally 42
days after injection of the admixtures (all chal-
lenge control mice died). Numbers in the bars
represent the total number of mice in each

group.

treatment of human cancer, the most reli-
able effect of BCG has been the local de-
struction of tumor nodules into which the
material has been injected (7). Systemic ef-
fects, suggestive of augmented tumor re-
jection immunity, have been rare, although
they are the ultimate goal of immuno-
therapy (8).

Little is known about the dose-response
relationships of the BCG-initiated antitu-
mor responses. In most systems diminu-
tion of BCG dose eventually eliminated
the immune stimulant effects (9). However,
under certain circumstances high BCG
doses have interfered with antitumor ef-
fects (10), while in a chemoimmunother-
apy model, BCG was effective at doses as
low as 800 viable organisms (/7). Clinical
dosimetry has been largely empirical. The
highest tolerated dose is sought, and tends
to be limited more by the concentration
of the vaccines available than by biologic
considerations. We report here that in one
animal model the doses of BCG and tumor
cells which regularly produced local sup-
pression of tumor growth did not induce
detectable tumor immunity, while the
doses that were required to induce tumor
immunity were relatively ineffective in
achieving local suppression of tumor
growth.

In this study, local tumor suppression
was evaluated by the growth or suppres-
sion of tumor cells mixed with BCG before
injection (3); adjuvant effects were assessed
by the resistance to tumor challenge in
mice which had suppressed the original tu-
mor-BCG inoculum (5). The LSTRA Mo-
loney virus-induced leukemia (12), of
BALB/c origin, was studied in male
(BALB/c x DBA/2)F, hybrids (12). The
tumor was maintained by weekly intra-
peritoneal passage of ascites tumor (0.2 ml
of a 1: 1000 dilution of ascites fluid in min-
imum essential medium, usually contain-
ing 2 x 10 to 4 x 10¢ viable tumor cells).
Intradermal inoculation of 10? cells results
in greater than 95 percent mortality, and
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Table 1. Survival of mice after intradermal injection of BCG and LSTRA cells, either at separate sites or mixed before injection, and after subsequent
intradermal injection (challenge) of 10° LSTRA cells into mice that had survived the first injection. Fractions give the number of survivors (S) in a group
divided by the number of animals (/V) which received the injection; median death refers to the number of days after injection by which > 50 percent of

mortalities had occurred.

Experiment | Experiment 2
Dose
BCG + LSTRA Challenge BCG + LSTRA Challenge
Injection (day 0) (day 42) (day 0) (day 42)
. Median Median Median Median
Ratio BCG LSTRA S/N death S/N death S/N death S/N death
(days) (days) (days) (days)
50: 1 5% 104 10° Separate 1/10 14 1/1 0/15 15
Mixed 4/10 15 4/4 0/15 16
500: 1 5 x 10? 10° Separate 0/10 15 1/15 15 0/1 31
Mixed 7/10 29 6/7 15 7/14 24 4/7 12
5000: 1 5 x 108 10° Separate 0/10 14 0/15 15
Mixed 9/10 19 2/9 14 15/15 0/15 13
500: 1 5 x 108 10¢ Separate 0/10 13 0/15 12
Mixed 9/10 17 4/9 14 14/15 16 12/14 1
50: 1 5 x 108 10° Separate 1/9 11 0/15 10
Mixed 8/10 39 8/8 7/15 13 7/7
Challenge controls 0/5 13 0/5 12

102 cells produce 50 to 70 percent mortali-
ty. Phipps strain BCG (/2) was stored at
-70°C. For use in experiments it was
thawed rapidly and diluted in 7H9 Middle-
brook broth. Groups of 10 or 15 mice re-
ceived intradermal injections (0.05 ml) of
BCG-LSTRA cell mixtures (Table 1)
controls received similar numbers of cells
and organisms at separate (contralateral)
sites. More than 97 percent of controls died
of progressive tumor growth. In mice that
received mixed inocula containing a con-
stant number of LSTR A cells, the frequen-
cy of suppression of tumor growth was di-
rectly related to the dose of BCG organ-
isms in the mixture. When the BCG dose
was constant, the frequency of tumor sup-
pression in the admixtures was inversely
related to the dose of LSTRA cells. With-
in the limited dose ranges tested, the effi-
ciency of local tumor suppression was
directly related to the BCG: LSTRA cell
ratio.

Forty-two days after the initial in-
oculation, tumor-free survivors and age-
matched, untreated controls were chal-
lenged with intradermal injection of 103
LSTRA cells (0.05 ml) in the ventral skin.
All challenge controls died of the tumor in-
oculum. Mice listed as survivors have re-
mained tumor-free for more than 120 days
in the first experiment and more than 60
days in the second experiment. There was
no evidence of regrowth of the first in-
oculum following challenge. Among survi-
vors that had received equal numbers of tu-
mor cells (10%) in the initial inoculum, re-
sistance to challenge was best if the admix-
ture had contained few BCG (5 x 10¢), and
was rare if the admixture had contained a
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larger dose of BCG (5 x 10°). Among the
surviving mice that had received equal
numbers of BCG (5 x 10%) in the initial in-
oculum, resistance to challenge was rare if
the admixture had contained few (10°%) tu-
mor cells and was common if the admix-
ture had contained a larger tumor cell dose
(10° cells). Overall, the proportion of im-
mune mice was high (100 percent) if the
BCG : LSTRA ratio was low (50: 1), and
the proportion of immune mice was low (8
percent) if the BCG: LSTRA ratio was
high (5000: 1).

The results of the two experiments have
been pooled and summarized in Fig. 1.
Conditions ideal for tumor suppression
were inadequate for induction of tumor
immunity; optimal immunity developed
when conditions were at the threshold for
tumor suppression. Local suppression of
tumor cells was favored by a high
BCG : LSTRA cell ratio, while immuniza-
tion was favored at lower ratios. These
data reflect only five points in a larger po-
tential dose-ratio matrix, so it is not pos-
sible at this time to decide whether the
BCG : LSTRA cell ratio was the critical
variable. In the present experiments, the
absolute doses of LSTRA or BCG did not
seem to be the limiting factors for immuni-
zation against tumor challenge, since the
lowest tumor cell dose was immunogenic
with appropriate BCG doses, and the high-
est BCG dose was not inhibitory for tumor
immunity when adequate LSTRA cells
were present. This is the first description of
reciprocal dose-response relationships for
two different types of BCG-initiated tumor
inhibition.

These observations are similar to those

reported for a different murine tumor sys-
tem, with Corynebacterium parvum as the
immune stimulant (/3). Scott found that
the best immunity to tumor cell challenge
was obtained with the lowest dose of C.
parvum tested (3.5 ug) and with the high-
est dose of irradiated tumor cells used
(107). In that study it was not possible to
evaluate the effect of the tumor cell-stimu-
lant dose ratio, nor could the efficacy for
immunization be compared to the efficacy
for local suppression.

We have referred to the role of BCG in
the induction of tumor immunity as an
“adjuvant effect,” but it could be working
here by other, nonadjuvant means. The im-
munity detected could be due to unaug-
mented immunogenicity of the tumor cells
in the initial *“vaccine” inoculum. Presence
of BCG in the vaccine may simply be an ef-
fective means of preventing progressive
growth of the immunizing tumor cells in
the vaccine, comparable to the use of sub-
threshold cell doses and the ligation or ex-
cision of solid tumors for immunization
(14). In our experience, mice that survive
subthreshold inocula of LSTRA, or that
survive inocula of 10* LSTRA cells be-
cause of chemotherapy (with or without
BCG), are usually unable to reject a chal-
lenge injection of 10° LSTRA cells. Ani-
mals are not cured by excision of tumors at
the site of LSTRA injection if the surgery
is later than 5 days after injection. In other
animal tumor models, irradiation of tumor
cells can prevent growth of immunizing
vaccines without destroying immuno-
genicity (3, 13, 15). That approach may be
useful in this system.

We have assumed that the resistance to
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challenge in these experiments was due to
tumor rejection immunity, but passive
transfer and specificity experiments would
be required to establish that as fact. The
resistance we have demonstrated may not
be very strong, even in those cohorts which
were 100 percent resistant to the challenge
with 10° cells, but this is the first report of
such a high frequency of resistance to
LSTRA cell challenge induced by any
prior treatment with LSTRA cells.

We do not suggest that these data can be
extrapolated directly to every clinical situ-
ation. These observations may apply to im-
munization with tumor cell-adjuvant mix-
tures, but they may not be of general rele-
vance to the development of immunity fol-
lowing intratumor injection of immune
stimulants. The results need confirmation
in other laboratories and ought to be ex-
tended in this and other animal tumor
models. This study has illustrated the po-
tential complexities in the design of ratio-
nal immunotherapy protocols: When ad-
ministering immune stimulants, more may
not be better; regression of injected lesions
may not correlate with systemic immuni-
zation against tumor rejection antigens.
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Melatonin Inhibition of the Neonatal Pituitary Response

to Luteinizing Hormone-Releasing Factor

Abstract. Neonatal rat anterior pituitary glands treated in organ culture with I na-
nomolar luteinizing hormone-releasing factor (LRF) showed a tenfold increase in medi-
um luteinizing hormone (LH) concentrations over control values. Simultaneous treat-
ment of the glands with 1 nanomolar melatonin significantly reduced the stimulatory ef-
Sect of LRF on release of LH. This finding indicates that melatonin can act directly on
the neonatal pituitary to inhibit the LH response to LRF.

Numerous studies (/) have shown that
the antigonadotropic effects of the pineal
gland may be mediated in part by melato-
nin. However, the precise mechanism by
which melatonin inhibits reproductive
function remains to be resolved. We now
report that melatonin can act directly on
the pituitary gland to suppress the release
of luteinizing hormone (LH) induced by lu-
teinizing hormone-releasing factor (LRF).

The effect of melatonin on the LH re-
sponse to synthetic LRF (2) was studied in
organ culture with the use of anterior pi-
tuitary glands from S5-day-old female
Sprague-Dawley rats. The method of cul-
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Fig. 1. Effect of melatonin on LRF-induced re-
lease of LH. After 24 hours of culture under
control conditions, anterior pituitary glands
from 5-day-old female rats were treated for 24
hours with control medium, melatonin (1 or 10
nM), LRF (1 nM), or LRF (I nM) plus melato-
nin (I or 10 nM). Each point represents the
mean response of four anterior pituitaries. Ver-
tical lines represent standard errors. *Signifi-
cantly less than 1 nM LRF and 0 melatonin val-
ue; P < .0l tSignificantly less than 1 nM
LRF and 0 melatonin value; P < .001.

ture used in this study (3) is identical to
that developed in our laboratory for the
culture of pineal glands (4). With this sys-
tem, there is no apparent cellular necrosis
in - 5-day-old pituitaries incubated for 4
days (3).

After 24 hours of culture under control
conditions, pituitary glands were trans-
ferred to fresh medium containing the test
substances. Half of the glands were stimu-
lated with LRF (1 nM) either alone or in
the presence of melatonin (1 or 10 nM).
The remaining half of the glands served as
controls and were incubated either in con-
trol medium or in medium containing only
melatonin (1 or 10 nM). The culture was
terminated after a 24-hour treatment peri-
od. The LH content of the medium was
measured by double antibody radio-
immunoassay, in which materials supplied
by the Rat Pituitary Hormone Distribu-
tion Program of the National Institute
of Arthritis, Metabolism, and Digestive
Diseases were used. Values are expressed
in terms of the reference preparation
NIAMDD-Rat-LH-RP-1. Melatonin in
culture medium at a concentration of 1
uM does not interfere with the measure-
ment of LH in our assay (5). Statistical
analysis was made by Student’s z-test.

As shown in Fig. 1, LRF treatment in
the absence of melatonin produced a ten-
fold increase in the concentrations of LH
in the medium over control values. How-
ever, simultaneous treatment of the pitui-
tary glands with LRF and | nM melatonin
resulted in a highly significant (P < .01)
reduction of LH secretion. At 10 nM, mel-
atonin suppressed the LRF-induced re-
lease of LH to 14 percent of the response
obtained with LRF alone. Melatonin had
no detectable effect on control concentra-
tions of LH at either of the doses used.

These results indicate that melatonin-
can act at the pituitary level to suppress
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