
brane-bound, and their activities are 
affected by many of the same substances 
that affect circadian rhythms (9). In addi- 
tion, recent measurements on mammalian 
cells in culture have demonstrated fluctua- 
tions in cyclic AMP levels associated with 
the cell cycle (10) and have suggested the 
possibility of an oscillatory feedback sys- 
tem in which the levels of cyclic AMP itself 
affect the synthesis of these two enzymes 
or their activities (11). In view of the possi- 
ble relation between circadian clock cycles 
and cell cycles (12), oscillations in cyclic 
AMP levels offer an attractive possibility 
for a role in the control of circadian clocks. 
This report presents our initial attempts to 
determine whether cyclic AMP is involved 
in the circadian clock of Neurospora and 
shows a lengthening of the period of the 
circadian conidiation rhythm by three 
methyl xanthine inhibitors of cyclic AMP 
phosphodiesterase. 

The following strains of Neurospora 
crassa were used in these experiments: 
band, which serves as the "wild type" (13), 
and three mutants derived from band, each 
of which has a period length different from 
band: frq-l, frq-2, and frq-3 (14). All cul- 
ture conditions, media, and procedures for 
measuring period length of the conidiation 
rhythm on "race" tubes were as previously 
described (14). 

Theophylline, an inhibitor of Neuros- 
pora cyclic AMP phosphodiesterase (15), 
causes a small increase in the period 
lengths of the conidiation rhythm in wild- 
type and in each of the three mutant 
strains (see Fig. 1). Aminophylline, a de- 
rivative of theophylline that enters the cells 
more readily than theophylline and there- 
fore inhibits phosphodiesterase in vivo at 
lower concentrations than theophylline 
(16), also causes a significant period length- 
ening and, as expected, at lower concen- 
trations than theophylline. Finally, caf- 
feine, another inhibitor of cyclic AMP 

phosphodiesterase (15), also causes signifi- 
cant increases in period length (Fig. 1). 

Although at high concentrations all of 
these compounds are toxic to the orga- 
nism, period lengthening occurred at con- 
centrations that correspond to those neces- 

sary to inhibit phosphodiesterase (15) and 
that did not inhibit growth rate. In fact 
some low concentrations actually caused a 
small increase in linear growth rate (Table 
1), a phenomenon similar to that pre- 
viously reported in Neurospora (16). 

These results indicate that inhibitors of 

cyclic AMP phosphodiesterase lengthen 
the period of the Neurospora clock. In ad- 

brane-bound, and their activities are 
affected by many of the same substances 
that affect circadian rhythms (9). In addi- 
tion, recent measurements on mammalian 
cells in culture have demonstrated fluctua- 
tions in cyclic AMP levels associated with 
the cell cycle (10) and have suggested the 
possibility of an oscillatory feedback sys- 
tem in which the levels of cyclic AMP itself 
affect the synthesis of these two enzymes 
or their activities (11). In view of the possi- 
ble relation between circadian clock cycles 
and cell cycles (12), oscillations in cyclic 
AMP levels offer an attractive possibility 
for a role in the control of circadian clocks. 
This report presents our initial attempts to 
determine whether cyclic AMP is involved 
in the circadian clock of Neurospora and 
shows a lengthening of the period of the 
circadian conidiation rhythm by three 
methyl xanthine inhibitors of cyclic AMP 
phosphodiesterase. 

The following strains of Neurospora 
crassa were used in these experiments: 
band, which serves as the "wild type" (13), 
and three mutants derived from band, each 
of which has a period length different from 
band: frq-l, frq-2, and frq-3 (14). All cul- 
ture conditions, media, and procedures for 
measuring period length of the conidiation 
rhythm on "race" tubes were as previously 
described (14). 

Theophylline, an inhibitor of Neuros- 
pora cyclic AMP phosphodiesterase (15), 
causes a small increase in the period 
lengths of the conidiation rhythm in wild- 
type and in each of the three mutant 
strains (see Fig. 1). Aminophylline, a de- 
rivative of theophylline that enters the cells 
more readily than theophylline and there- 
fore inhibits phosphodiesterase in vivo at 
lower concentrations than theophylline 
(16), also causes a significant period length- 
ening and, as expected, at lower concen- 
trations than theophylline. Finally, caf- 
feine, another inhibitor of cyclic AMP 

phosphodiesterase (15), also causes signifi- 
cant increases in period length (Fig. 1). 

Although at high concentrations all of 
these compounds are toxic to the orga- 
nism, period lengthening occurred at con- 
centrations that correspond to those neces- 

sary to inhibit phosphodiesterase (15) and 
that did not inhibit growth rate. In fact 
some low concentrations actually caused a 
small increase in linear growth rate (Table 
1), a phenomenon similar to that pre- 
viously reported in Neurospora (16). 

These results indicate that inhibitors of 

cyclic AMP phosphodiesterase lengthen 
the period of the Neurospora clock. In ad- 
dition, at least one previous report (17) 
demonstrated a period lengthening effect 
of theophylline and caffeine in higher 
plants, although their relation to cyclic 
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Table 1. Effect of aminophylline on linear 
growth rate of Neurospora. All standard devia- 
tions were 0.2 cm or less. 

Linear growth rates (cm/day) 
at the following concentrations 

Strain (mM) of aminophylline 

0 1 2 5 

frq+ 2.51 2.69 3.07 2.74 
frq-I 2.48 2.49 3.04 2.70 
frq-2 2.57 2.66 3.08 2.72 
frq-3 2.46 2.71 2.91 2.74 
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AMP metabolism was not recognized at 
that time. 

It would be premature to conclude, how- 
ever, that such results demonstrate that cy- 
clic AMP is involved directly in the control 
of the circadian clock. First of all, it is not 
known definitely that the effect of the 
drugs is mediated through their inhibition 
of phosphodiesterase, since they are known 
to affect other cellular processes, such as 
ion transport and macromolecular syn- 
thesis. However, the effectiveness of all 
three inhibitors at concentrations known 
to inhibit Neurospora phosphodiesterase 
and at concentrations that do not inhibit 

growth tend to reduce, although do not 
eliminate, this possibility. Even if the in- 
hibitors are acting through phosphodies- 
terase to change the cyclic AMP levels, it 
cannot yet be inferred that cyclic AMP 
metabolism is part of the clock, for this 
can be done only when changes in endoge- 
nous cyclic AMP levels can be correlated 
quantitatively with changes in the overt be- 
havior of the clock. 

Nevertheless, it is interesting that one 
important property of circadian clocks- 
namely, sensitivity to light--could be ac- 
counted for in terms of cyclic AMP metab- 
olism. In both isolated frog retinal tissue 
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People with either the genetic immuno- 
logic deficiency diseases or drug-induced 
immunosuppression have an increased risk 
for developing lymphoid leukemia or lym- 
phoma (1). This type of observation led 
Burnet to propose that an immuno- 
surveillance mechanism may operate un- 
der natural conditions to eliminate malig- 
nant cells (2). Most studies with inbred 
mice and other laboratory rodents support 
this hypothesis (3). Some observations, 
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(18) and the fungus Phycomyces (19) vis- 
ible light causes a significant decrease in 
the endogenous cyclic AMP levels, and at 
least for frog retinal tissue, this effect is 
due to the light activation of phospho- 
diesterase. This type of phenomenon is ex- 
actly what has been predicted in several 
molecular models for the clock (20). 
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however, such as the apparent lack of an 
increased risk for development of some 
types of tumors in genetically athymic 
(nude) mice have provided arguments 
against the immunosurveillance concept 
(4). It has been difficult to design experi- 
ments that test the application of the im- 
munosurveillance hypothesis to spon- 
taneous neoplasms of outbred mammals 
because the etiologic agents for naturally 
occurring tumors are generally unknown, 
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Immunosurveillance of Naturally Occurring Feline Leukemia 

Abstract. When compared to their housemates that subsequently developed leukemia, 
cats that remained healthy had five- to tenfold higher (geometric mean) humoral anti- 

body titers to the feline oncornavirus-associated cell membrane antigen. This is compat- 
ible with the application of the immunosurveillance hypothesis to the natural develop- 
ment of leukemia in an outbred mammalian species. 
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and antigens specific for tumor cell mem- 
branes have rarely been identified. How- 
ever, in spontaneous leukemias and lym- 
phomas of cats both the causative agent (5) 
and a tumor cell membrane antigen (6-8) 
have been described. We now describe 
studies with naturally occurring feline leu- 
kemia that strongly support the concept of 
immunosurveillance. 

In our previous studies with cats' neo- 
plasms that were induced by inoculation of 
feline sarcoma virus (FeSV) or feline leu- 
kemia virus (FeLV), we found a high cor- 
relation between resistance to tumor devel- 
opment or progression and the humoral 
antibody response to the feline oncorna- 
virus-associated cell membrane antigen 
(FOCMA) (6-8). When cats inoculated 
with FeSV or FeLV developed progres- 
sively growing tumors they had little or no 
antibody to FOCMA. Inoculated cats that 
developed regressor tumors or no tumors 
had both an early response to FOCMA (9) 
and high antibody titers (6-9). Virus-neu- 
tralizing antibody titers, on the other hand, 
were not similarly correlated with regres- 
sion of the tumors (9). 

We then examined pet cats with spon- 
taneous leukemia or lymphoma, and found 
that their FOCMA antibody titers were 
also low or negative (7, 8, 10). As a control 
group analogous to virus-inoculated labo- 
ratory cats that remained healthy, we 
checked healthy cats from leukemia clus- 
ter housholds. The healthy cats that were 
exposed to leukemic cats had both high 
FOCMA antibody titers and a high fre- 
quency of viremia with FeLV (8, 11). How- 
ever, since the cats with spontaneous leu- 
kemia or lymphoma had only been tested 
after presentation with advanced disease to 
a veterinary clinic, whether or not the poor 
immune response to FOCMA preceded tu- 
mor development was unknown. Conceiv- 
ably, the low antibody titers in spon- 
taneous cases were due to (i) a nonspecific 
suppression of the immune response, which 
is often seen in advanced neoplasia, or (ii) 
a "soaking up" of FOCMA antibody by 
the enlarging tumor mass. Our results in- 
dicate that the poor response to FOCMA 
precedes the development of naturally oc- 
curring leukemia. 

A prospective seroepidemiologic survey 
was conducted on 51 cats from a single pri- 
vate household that had previously been 
identified as a leukemia cluster. The status 
of each cat for both FOCMA antibody ti- 
ter and FeLV antigen was determined at 
intervals of 3 to 5 months for a period of 
up to 21/2 years. Three breeds of cats were 
present in the house, but all three had high 
incidences of FeLV viremia, antibody to 
FOCMA, and leukemia. Cats from similar 
genetic backgrounds that were kept iso- 
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Table 1. Antibody titers to FOCMA in cats that subsequently developed leukemia as compared to 
those living in the same household that remained healthy. For the cats that subsequently developed 
leukemia, the titers are based on the last sample that was taken while still healthy, at 3 to 5 months 
before clinical leukemia was detected. For the cats that remained healthy, the figures reported repre- 
sent the last sample checked. FeLV positivity or negativity is based on the standard test for presence 
of viral antigen in circulating leukocytes. 

Number of cats with FOCMA antibody titers of: Titer 
Status Total (geomet- 

0 1 2 4 8 16 32 64 128 256 ric mean) 

Subsequently developed leukemia 
1 5 2 8 1.36 

Remained healthy 
Total 2 3 1 10 8 10 3 0 3 3 43 11.01 
FeLV Positive 1 3 0 4 2 4 1 15 5.36 
FeLV Negative 1 0 1 6 6 6 2 0 3 3 28 15.90 

lated from FeLV and FeSV did not have 
detectable antibody to FOCMA (6-9, 12). 
Demographic, pathologic, and serologic 
details that established the house as a leu- 
kemia cluster have been described (8, 11). 
During our 21/2-year study, 8 healthy cats 

spontaneously developed leukemia and 43 
remained healthy (Table 1). All 51 were 
judged at the beginning of the study to be 
healthy on the basis of both clinical and 
hematologic examination (8, 11). No sig- 
nificant age differences were found be- 
tween the cats that subsequently developed 
leukemia and those that remained healthy. 
All cats in the house that were available for 
testing for at least 1 year were included in 
the study except those that developed dis- 
eases other than leukemia (8, 11). Of the 
eight cats that developed leukemia, none 
had an antibody titer to FOCMA higher 
than 2 when checked 3 to 5 months before 
the first clinical or hematologic signs of 
leukemia, whereas 86 percent of the cats 
that remained healthy had titers of 4 or 
higher (Table 1). The geometric mean titer 
for the healthy cats was about tenfold 
higher than that for cats that subsequently 
developed leukemia; as examined by Stu- 
dent's t-test this difference is significant at 
P < .0005. Although the mean FOCMA 
antibody titer for healthy cats that are cur- 
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Fig. 1. FOCMA antibody titers upon first test- 
ing for cats that subsequently developed leuke- 
mia as compared to those that remained 
healthy. 

rently FeLV negative is substantially high- 
er than the mean for FeLV-positive healthy 
cats, the latter group had a mean that was 
significantly higher than the mean for pre- 
leukemic cats (P < .001; Student's t-test). 

The FOCMA antibody titers for cats 
that subsequently developed leukemia 
were also compared to the titers for those 
that remained healthy on the basis of the 
geometric mean of the titers of the first 
sample checked on each cat. The mean an- 
tibody titers for cats that remained healthy 
were more than five times higher than the 
comparable values for cats that sub- 
sequently developed leukemia (Fig. 1). 
This difference was statistically significant 
(P < .005; Students' t-test). 

These results clearly indicate that a low 
FOCMA antibody titer in the presence of 
FeLV positivity is a risk indicator for leu- 
kemia, while high antibody titers are asso- 
ciated with resistance to leukemia devel- 
opment. We interpret this as supporting 
the concept of immunosurveillance in an 
outbred species of mammal. 
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Mefloquine (WR 142,490) in the Treatment of Human Malaria 

Abstract. Mefloquine hydrochloride, a new 4-quinolinemethanol, was administered as 
a single oral dose to 47 volunteers infected with malaria. Treatment resulted in rapid 
clearance of fever and parasitemia. No recrudescence of parasites was observed after 
treatment of chloroquine-sensitive infections of Plasmodium falciparum. More signifi- 
cantly, in nonimmune persons with chloroquine-resistant infections, I gram of meflo- 
quine cured 10 of 12 patients and 1.5 grams cured all 8 patients who received this dose of 
the drug. The marked activity of a single dose of mefloquine against chloroquine-resistant 
strains of Plasmodium falciparum suggests that this agent may be more useJul than cur- 

rently available drugs are for the treatment of drug-resistant malaria. 
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Malaria remains one of the most impor- 
tant health problems in the world today. 
The emergence of chloroquine resistance 
in Plasmodium falciparum, the most per- 
nicious plasmodial species for man, has re- 
sulted in an intensive search for new drugs 
and the reappraisal of older ones. At 
present, no completely suitable regimen is 
available for treatment of patients infected 
with chloroquine-resistant strains of P. fal- 
ciparum (1). 
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About three decades ago, a large num- 
ber of 4-quinolinemethanols were investi- 
gated for their antimalarial activity in 
avian malaria models. The agent with the 
greatest activity, SN 10,275 [a-(2-piperi- 
dyl) - 6,8-dichloro-2-phenyl-4-quinoline- 
methanol], was tested in volunteers in- 
fected with the Chesson strain of Plasmo- 
dium vivax (2). Although phototoxic side 
effects prevented the general use of this 
compound, it was an effective blood schiz- 
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onticidal agent with a remarkably long 
duration of activity. A derivative of this 

compound, WR 30,090 [a-(dibutylami- 
nomethyl) - 6,8-dichloro-2-(3',4' - di- 

chloro)phenyl-4-quinolinemethanol], has 
since been found to be highly effective in 
man against both chloroquine-sensitive 
and chloroquine-resistant strains of P. 

falciparum. This 4-quinolinemethanol 
showed minimal evidence of phototoxicity 
but demonstrated a relatively short dura- 
tion of action (3, 4). 

Mefloquine hydrochloride [WR 142,490; 
a - (2 - piperidyl) - 2,8 - bis(trifluormethyl)- 
4-quinolinemethanol] is an analog of SN 
10,275 and WR 30,090 (Fig. 1). Preclini- 
cal studies revealed that this agent was 
more effective than WR 30,090, had the 

long duration of action characteristic of 
SN 10,275, and showed no evidence of 

phototoxicity (1, 5). On the basis of these 

findings, studies were initiated to deter- 
mine the safety and efficacy of a single oral 
dose of this drug in the treatment of ma- 
laria in man, particularly in individuals in- 
fected with chloroquine-resistant strains of 
P. falciparum. 

During the first phase of these studies, 
the tolerance and safety of mefloquine 
were appraised in noninfected individuals 

(6) by a single-dose, double blind design 
with 19 dose levels rising from 5 to 2000 

mg. At each dose level, two persons in the 

group received the drug and two received 
the placebo. To evaluate drug tolerance, 
the following procedures were performed 
twice before and several times during the 3 
weeks after drug administration: interview, 
physical examination, electrocardiogram, 
hematocrit, total white blood cell count, 
white blood cell differential, platelet count, 
prothrombin time, total serum bilirubin, 
serum creatinine, serum glutamic oxala- 
cetic transaminase, blood urea nitrogen, 
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Table 1. Response of 35 nonimmune volunteers infected with Plasmodiumfalciparum to treatment with mefloquine. 

Dose of mefloquine Asexual Maximum Clearance time 
Strain of hydrochloride No. parasites rectal(days) No. 

Plasmodium tee tmeau 
falciparum m m treated (m3 temperature Asexual cured falciparum mg mg/kg (No,)* (oC) Fevert paraite parasites 

Ethiopian 5.4t 1,610$ 41.5t 5.5t 4.0t 
(Tamenie) 400 ( 4.6- 6.2) 2 (1,520- 1,700) (41.5-41.5) (5-6) (3-5) 1 

Vietnam 5.5 2,195 40.4 4.1 5.1 
(Marks) 400 ( 3.9- 7.5) 8 ( 240- 8,880) (39.8-40.6) (2-6) (2-7) 1 

Cambodian 5.6 2,835 40.3 5.0 5.0 
(Buchanan) 400 ( 5.2- 5.9) 2 (2,550- 3,120) (40.1- 40.6) (4-6) (4-6) 0 

Ethiopian 10.4 810 40.1 5.0 3.0 
(Tamenie) 1,000 ( 7.7-12.5) 3 ( 520- 1,130) (39.4-40.9) (4-6) (2-4) 3 

Vietnam 14.6 3,437 41.0 5.25 3.1 
(Marks) 1,000 (13.6-15.4) 8 ( 760- 8,480) (40.6-41.6) (4-7) (3-4) 8 

Cambodian 13.9 10,090 41.2 4.5 4.75 
(Buchanan) 1,000 (10.7-17.2) 4 ( 740-28,200) (40.9-41.3) (4-6) (4-7) 2? 

Cambodian 21.2 8,437 40.1 3.5 4.0 
(Buchanan) 1,500 (16.8-26.2) 8 ( 830-18,750) (39.1-41.3) (2-6) (3-5) 8 

*Maximum parasite count during the first 48 hours of treatment. t Interval between treatment and the first day of a 48-hour period during which the rectal temperature 
remained below 38?C. 7Mean, with range in parentheses. ?The individuals who were not cured received 10.7 and 13.2 mg of mefloquine per kilogram and those who 
were cured received 14.5 and 17.2 mg of the drug per kilogram. 
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