kinetic and other studies to establish
that the activity is attributable to per-
fectly normal myophosphorylase en-
zyme. Nevertheless, these observations
suggest that genetic coding for the
development of a form of myophos-
phorylase activity is present in precursor
cells of the regenerating skeletal muscle
fibers of patients with myophosphoryl-
ase deficiency, and is expressed as en-
zymatic activity in regenerating fibers
both in vitro and in vivo. Several hy-
potheses may be considered to explain
the subsequent absence of phosphoryl-
ase activity (Z1, 12) in mature fibers in
vivo. (i) With muscle fiber maturity
there may be loss of a specific enzyme
which normally maintains phosphoryl-
ase production, survival, or activity.
(ii) An abnormal specific protease may
develop in the mature fibers which
selectively inactivates myophosphoryl-
ase. (iii) A normally repressed “myo-
phosphorylase repressor gene” may be
derepressed, inhibiting the gene for
myophosphorylase production. (iv) A
normally present but inactive myophos-
phorylase inhibiting or destroying en-
zyme (or other factor) may become
active, impairing myophosphorylase
enzyme survival or activity.
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Mouse Leukemia: Depression of Serum Interferon Production

Abstract. Production of circulating interferon is significantly impaired in AKR/J
mice after development of lymphoblastic leukemia and in Balb/c mice with
clinical signs of Friend erythroblastic leukemia. This alteration has been observed
with three interferon inducers, each one known to elicit an interferon response

in different cells.

Induction of interferon in vivo is
currently being explored as a possible
approach to the therapy of viral dis-
eases and also of certain forms of
neoplasia (I). I therefore report the
marked inhibition of the production of
interferon observed both in Balb/c mice
with Friend virus—induced erythro-
blastic leukemia and in AKR/J mice
after development of lymphoblastic leu-
kemia,

Friend leukemia was induced in 6-
to 8-week-old Balb/b mice by intra-
venous injection of a 1 to 10 (weight
to volume) spleen extract prepared
from the fourth passage in Balb/c mice
of a Friend virus suspension, routinely
maintained in Swiss mice (2). This
virus suspension caused a palpable in-
crease of spleen size in about 10 days,
with an ensuing mortality of nearly
100 percent 8 to 10 weeks after inocu-
lation. Production of circulating in-
terferon was measured when the size
of the spleen had increased significantly,
that is, usually about 3 weeks after
inoculation of Friend virus (Fig. 1).
Three different interferon inducers
were tested, each stimulating serum in-
terferon production in a different cell
system: (i) Newcastle disease virus
(NDV), a paramyxovirus that induces
interferon synthesis mainly in lympho-
cytes (3); (ii) encephalomyocarditis
virus (EMC), a small RNA virus that
stimulates interferon production in
radioresistant cells that are not derived
from bone marrow stem cells {(4) and
unpublished results]; and (iii) poly-
riboinosinic-polyribocytidylic acid
[poly(I) - poly(C)], a synthetic polyri-
bonucleotide that induces interferon syn-

thesis in a radioresistant cell popula-
tion derived from hemopoietic stem
cells, probably macrophages [(5) and
unpublished results]. Origin of virus
strains, titers, and mode of cultivation
have been published (6). Poly(I) -
poly(C) (P-L Biochemicals Inc., Mil-
waukee, Wisconsin) was resuspended
in Field’s phosphate buffer (7) at a
concentration of 250 ug/ml before use.
Figure 1 represents individual serum
interferon levels, measured at the peak
of production, in Balb/c mice with and
without Friend leukemia. For all three
interferon inducers, a highly significant
(P < .001) decrease of interferon levels
was observed in leukemic animals. The
inhibition was related to the degree of
splenomegaly, as shown in experiments
with poly(I) * poly(C) and EMC, in
which interferon response was mea-
sured at an early and a later stage of
the disease. When the average spleen
weight was about twice the normal
value, that is, 250 mg, serum inter-
feron levels were already significantly
lower than those of control mice
(P<.01); at a later stage of the
disease, when spleen size averaged
2000 mg, serum interferon response
had come down further, to represent
only 5 to 10 percent of that obtained
in healthy mice.

Similar results were obtained in the
case of a spontaneous leukemia, the
AKR mouse lymphoblastic leukemia.
Results plotted in Fig. 2 show a high-
ly significant (P <.001) decrease of
production of serum interferon in
leukemic AKR/J mice, 6 to 9 months
old, injected intravenously with NDV
or poly(I) - poly(C). In the control
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mice, NDV-induced serum interferon
levels were about 30 percent lower in
old preleukemic animals (6 to 9 months
old) than in young ones (2 to 3 months
old). A comparable effect of aging
on the levels of interferon was re-
ported earlier for mice of the Balb/c,
C3H, and C57BL strains (8).

These experiments in Balb/c and
AKR/J mice have revealed a drastic
decrease of interferon-producing ca-
pacity in animals that have developed
either an induced or a spontaneous
form of leukemja. Moreover, the im-
pairment of interferon production is
correlated with the degree of leukemic
involvement, as demonstrated in mice
with Friend disease at two different
stages of splenomegaly. Depression of
circulating interferon response in mice
infected with leukemia virus has been
previously reported by other investiga-
tors. Thus Wheelock (9) and Wheel-
ock and Larke (10) reported that
Friend leukemia virus infection inhibit-
ed the interferon response to Sendai
virus in DBA/2 mice 1 to 10 days
after inoculation of the leukemia virus.
However, 12 days after inoculation
with Friend virus, Sendai virus was
again able to induce high levels of
interferon in the serum. Similarly,
Vandeputte et al. (I11) reported that
Swiss albino and NMRI mice had a de-
creased serum interferon response to in-
oculation with Sindbis virus up to 14
days after injection of a suspension of
Rauscher virus. The reduction in inter-
feron production was first recorded 16
hours after inoculation with the virus
and reached a maximum at 40 hours;
from 64 hours to 8 days after inocula-
tion of Rauscher virus, a progressive
recovery of the interferon-producing
capacity was observed, but without
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Fig. 1. Interferon production in Balb/c mice with Friend
leukemia. Balb/c mice of both sexes, aged 6 to 8 weeks, were
injected intravenously with a 1 to 10 (weight to volume) spleen
extract, prepared from the fourth passage in Balb/c mice of a
suspension of Friend virus, routinely maintained in Swiss mice
(2). Production of circulating interferon was measured 3 weeks
later. Mice were injected intravenously, by way of the orbital
sinus, with 0.2 ml of the interferon inducer, at a dose corre-
sponding to 10° egg infective doses, S0 percent effective, for
NDV, 10* plaque-forming units in L cells for EMC or 50 ug for
poly(I) - poly(C). Blood was drawn 9 hours after virus and 2
hours after poly(l) * poly(C). Interferon determinations were
done in L cells, by using a plaque-reduction method, with VSV
as challenge virus. Each value plotted in the figure represents
the serum interferon titer, in units per 4 ml, of each individual
serum. Symbols used are dots for control mice and triangles for
Friend leukemic mice. Average spleen size in each group of mice
is given in milligrams, each division on the scale corresponding
to 500 mg. Abbreviation rI:rC is a shortened form of

poly(I) - poly(C).

ever reaching normal levels again. The
inhibitory effect of Friend and Rau-
scher leukemia virus on the in vivo
interferon response, as reported by
Wheelock and Vandeputte and their
co-workers, must be clearly distin-
guished from the one presented here,
because it occurs at an early stage of
tae infection with the leukemia virus
and disappears progressively; in con-
trast, the inhibition of serum interferon
response described in this report starts
at a later stage of the leukemia and
increases progressively with the ad-
vancement of the disease, until death
of the animals.

The mechanism of inhibition of in-
terferon production, as reported here,
has not yet been defined. In vitro, hu-
man lymphoma cells may be poor pro-
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ducers of interferon as compared with
normal white cells (/2), and, in mice,
replacement of normal leukocytes by
leukemic cells could be partly responsi-
ble for the depressed levels of serum
interferon. This possibility is supported
by the fact that both NDV- and
poly(I) * poly(C)—induced interferon
originates in cells derived from hemo-
poietic stem cells, Keeping in mind
that the bulk of EMC-induced inter-
feron is made in cells that are not de-
rived from the hemopoietic system, the
hypothesis of a competition between
normal and leukemic cells for uptake
of inducer is less likely. The depres-
sion of interferon production observed
in leukemic mice may be the result of
the presence of circulating inhibitors
of interferon production (7/3), and

Fig. 2. Interferon production in AKR/J
mice. AKR/J mice were injected intra-
venously with 0.2 ml of the interferon
inducer, namely, 10° egg infective doses,
50 percent effective, for NDV or 50 ug for
poly(I) - poly(C). Serum was collected
and titrated for interferon as stated in the
legend of Fig. 1. Animals of two different
ages were selected—6- to 8-week-old
females (Young) and 7- to 9-month-old
retired breeders (Old and Old leukemic).
Among the latter, preleukemic animals
had not yet displayed any sign of
leukemia, while the leukemic ones showed
advanced signs of the disease, namely,
significant increase of thymus, enlarge-
ment of peripheral lymph nodes, and in-
vasion of peripheral blood by lympho-
blasts. Each value given in the figure
represents the titer of serum interferon,
in units per 4 ml, of each individual
serum. Symbols used are dots for non-
leukemic mice and triangles for leukemic
mice. Abbreviation I :rC is a shortened
form of poly(I) - poly(C).
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further work will be required to ex-
amine this hypothesis. There are sev-
eral papers describing the presence of
various antagonists of interferon ac-
tion in malignant (I4) and embryonic
tissues (I5); these antagonists are of
either viral or cellular origin. Inhibitors
of interferon production have been
less well documented. Isaacs et al. (16)
have described a - “blocker” of inter-
feron synthesis in certain crude prepa-
rations of chick interferon, and Kato
and Eggers (I7) have reported the
presence of a mucopolysaccharide de-
pressor in chick chorioallantoic fluid.
Knowing that interferon synthesis de-
pends on a subtle balance between the
inducer and cellular repressors (18),
one can envisage an excess of such
repressors in leukemic cells. Another
attractive hypothesis would be to as-
cribe the impairment of interferon
synthesis to the presence of leukemia
virus particles within the cells. To our
knowledge, no study of the effect of
particles of mouse leukemia viruses on
production of interferon has yet been
carried out at the cellular level. For a
tumorigenic DNA virus, the Epstein-
Barr virus (EBV), Swart and Young
(19) reported the existence of an in-
verse relation betwen spontaneous in-
terferon production and virus content
in human cell lines derived from Bur-
kitt’'s lymphoma. Their observation,
however, cannot be taken as a general
rule, since other workers (20) could
not find any correlation between in-
terferon production and infection of
the cultures by EBV, in various lym-
phoblastoid cell lines.

Whatever mechanism will turn out
to be responsible for the depression of
interferon synthesis in leukemic mice,
the phenomenon, at this point, has a
twofold implication: (i) together with
the well-documented immunodepres-
sion found in leukemia (21), it may
contribute to the lowered resistance to
viral infections (22); and (ii) it could
be an obstacle to the efficacy of inter-
feron inducers in therapeutic trials of
human leukemias, should an inhibition
of interferon production also occur in
man. That this may well be the case is
suggested by the work of Armstrong
et al. (23), who found significantly
less interferon in vesicle-fluid during
herpes zoster infection, in three out of
seven patients with cancer, when com-
pared with noncancerous patients,

JAQUELINE DE MAEYER-GUIGNARD
Fondation Curie-Institut du Radium
(Biologie), Orsay 91, France
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Neuroblastoma: Synchronization of

Neurite Outgrowth in Cultures Grown on Collagen

Abstract. Neurite outgrowth in cultured neuroblastoma cells is inhibited in
cells grown on a collagen substratum as compared to those grown on glass. Rapid,
synchronized initiation of neurite outgrowth occurs after hydrolysis of the under-
lying collagen with collagenase. Axonated cultures exhibit an increased RNA and
protein content as compared to cultures grown on collagen.

Suspension cultures of murine neuro-
blastoma appear as round, undifferenti-
ated cells; when allowed to settle onto
a glass substratum these cells extend
multiple processes resembling neurites.
Neurite formation (axonation), which
may be considered a morphologic
manifestation of differentiation in these
cells, is associated with the appearance

of specialized neural functions: electri- .

cal and chemical excitability of mem-
branes, generation of action potentials,
and production of neurotransmitter
substances (I).

Several laboratories have reported
procedures for enhancing or synchro-
nizing axonation. Undifferentiated cells
may be grown in suspension or in ves-
sels with plastic surfaces to which they
cannot adhere, and then transferred to
vessels with glass or equivalent sur-
faces where neurite outgrowth ensues
(2). Other approaches involve manip-
ulation of culture medium constitu-

ents. Neurite outgrowth is suppressed
in some clones grown adherent to glass
in medium containing 10 percent serum,
but rapid outgrowth of neurites occurs
in most cells when such medium is re- -
placed with one devoid of serum (3).
Addition of certain drugs [5-bromo-
deoxyuridine (BrdU), 5-fluorodeoxyuri-
dine (FdU), dibutyryl cyclic adenosine
monophosphate (dibutyryl cyclic AMP),
and prostaglandins E,;] to medium con-
taining serum also stimulates axonation
(4). We report here development of a
new procedure for inducing rapid, syn-
chronized axonation, which circum-
vents the use of culture transfers, non-
physiologic growth conditions, and toxic
drugs.

We have found that neuroblastoma
cells grown on a thin layer of native
collagen are round and devoid of neu-
rites, yet are firmly adherent to the
collagen substratum. Addition of puri-
fied collagenase to the culture medium
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