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cally hormonal. 

The possibility of controlling insects 
by interfering with the action of hor- 
mones that critically control their post- 
embryonic development has received 
considerable attention (1). Particular 
interest has centered around the 
compound methyl-trans, trans,cis-1 0, 
1 1-epoxy-7-ethyl-3,l 1-dimethyltrideca-2, 
6-dienoate (JH in Fig. 1), which is 
one of two juvenile hormones (JH) 
occurring naturally in the silk moth 
Hyalophora cecropia and which inhib- 
its metamorphosis in species represent- 
ing several insect orders (2). 

In attempts to develop new and 
potentially more effective materials. with 
this type of activity, a large number of 
compounds have been synthesized and 
evaluated as mimics of the naturally oc- 
curring compound (1, 3, 4). Among the 
compounds that have been ,shown to 
possess various degrees of activity are 
piperonyl 6,7-epoxy-3-ethyl-7-methyl-2- 
nonenyl ether (2), 10,11-epoxy-N-ethyl- 
3,7,11 -trimethyl-2,6-dodecadienamide 
(NIA 23509) (3), isopropyl 11- 
methoxy-3,7, 1 1-trimethyldodeca-2,4-di- 
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unpublished observations) is very similar to the 
TM of al-CB2, approximately 13?C. Both 
are also similar in size and imino acid 
content [K. A. Piez and M. R. Sherman, 
Biochemistry 9, 4134 (1970)]. 

13. Prepared as described by R. L. Katzman, 
E. Lisowska, R. W. Jeanloz [Biochem. J. 
119, 17 (1970)]. 

14. Extracted as described by R. L. Katzman 
and A. L. Oronsky [J. Biol. Chem. 246, 5107 
(1971)]. 

15. Preparation of R. L. Katzman and A. H. 
Kang [ibid. 247, 5486 (1972)]. 

16. Diethylaminoethyl cellulose fraction 2 de- 
scribed by R. L. Katzman, A. K. Bhatta- 
charyya, R. W. Jeanloz [Biochim. Biophys. 
Acta 184, 523 (1969)]. 

17. By the method of J. Gross and D. Kirk [J. 
Biol. Chem. 233, 355 (1958)]. Type II collagen 
was prepared by the method of R. L. Trelstad, 
A. H. Kang, S. Igarashi, J. Gross [Biochezm- 
istry 9, 4993 (1970)]. 

18.Cyanogen bromide peptides were prepared as 
described by A. H. Kang, S. Igarashi, J. 
Gross [Biochemistry 8, 3200 (1972)]. 

19. Prepared by the method of J. Gross, G. 
Maltosy, C. Cohen [J. Biophys. Biochem. 
Cytol. 1, 215 (1955)]. 

20. This is paper No. 11 in the Invertebrate 
Connective Tissue series. The preceding pa- 
per in this series is by R. L. Katzman and 
A. H. Kang [J. Biol. Chem. 247, 5486 (1972)]. 
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enoate (ZR-515) (4), and ethyl 3,7,11- 
trimethyldodeca-2,4-dienoate (ZR-512) 
(5) (5, 6). Several insecticide synergists 
such as piperonyl butoxide (1) and 
propyl 2-propynylphenylphosphonate 
(NIA 16388) (6) have also been found 
'to exhibit appreciable activity in juvenile 
hormone assays (7). 

Although these synthetic compounds 
are usually referred to as. juvenile 
hormone analogs (JHA) (1), many have 
little or no structural resemblance to 
natural juvenile hormones and the ap- 
parent absence of any common struc- 
tural feature has been difficult to ration- 
alize in terms of their interaction with 
a specific hormone receptor. It now ap- 
pears probable that the biological ac- 
tivity of many of these compounds is 
not due to their innate capacity to inter- 
act with the same target receptor as 
JH, but results mainly from their ability 
to interfere with the metabolic degrada- 
tion of the natural hormone. Conse- 
quently the observed activity of many 
JHA is that of the insect's own un- 
metabolized JH. 
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JHA is that of the insect's own un- 
metabolized JH. 

The major pathways responsible for 
the metabolism of JH in the tobacco 
hornworm (Manduca sexta), the south- 
ern armyworm (Prodenia eridania), the 
vagrant grasshopper (Schistocerca vaga) 
and the flesh fly (Sarcophaga bullata), 
as well as in H. cecropia itself, have 
been clearly established (8, 9), and are 
shown in Fig. 1. Two major pathways 
are involved in which ester hydrolysis 
may either precede or succeed cleavage 
of the epoxide ring. Since each of the 
metabolites (an epoxy acid, 7; a dihy- 
droxy ester, 8; and a dihydroxy acid, 9) 
is considerably less active than JH in 
juvenile hormone assays, these are 
considered to constitute the natural 
deactivation pathways of JH in the 
insects studied. Except for the dipterous 
S. bu1lata, in which JH appears to be 
deactivated almost exclusively by epox- 
ide ring cleavage, these pathways are 
common to all insect species examined. 
This suggests that the JH of each 
species is structurally similar to or 
identical with that of H. cecropia (8), 
a conclusion supported by chromato- 
graphic analyses of lipid extracts from 
a number of Lepidoptera including P. 
eridania and H. cecropia (10). In view 
of this, P. eridania was considered an 
excellent model for studying the effects 
of a variety of JHA on the metabolism 
of the natural JH of. H. cecropia. 

Studies in vitro with several insect 
species have established that the enzy- 
matic pathways responsible for the 
metabolism of JH occur in a number 
of tissues including the midgut (9), and 
preliminary experiments indicated that 
this was also true in P. eridania. Midgut 
homogenates from early sixth-instar 
armyworm larvae were prepared by 
established procedures (11) and con- 
stituted the major enzyme source for 
this investigation. The enzyme prepara- 
tion (0.5 ml of a homogenate of two 
guts per milliliter in 0.15M KC1) was 
incubated for 10 minutes at 30?C with 
JH (2.5 [kg) labeled with 14C in the 
2-position (12) in 0.1M tris-HCI, pH 
7.8, in the presence or absence of the 
candidate JHA at a concentration of 
10-4M. The total volume of the reac- 
tion medium was 5.0 ml. Extraction of 
the incubation mixtures has been de- 
scribed (8), and subsequent thin-layer 
chromatographic analysis of the extracts 
revealed the well-defined radioactive 
areas associated with the major metab- 
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Juvenile Hormone Analogs: 
A Possible Case of Mistaken Identity? 

Abstract. Many synthetic compounds that exhibit activity in juvenile hormone 
assays have limited structural resemblance to natural juvenile hormones. The 
observed morphogenic action of many of the compounds considered to be biologi- 
cally analogous to juvenile hormones is probably synergistic rather than intrinsi- 
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is indeed stabilized in the presence of 
each of the JHA evaluated, and with 
some compounds, particularly 1, 2, and 
3, the effect is substantial. Of addi- 
tional interest is that the metabolite 
patterns produced in the presence of 
the different JHA studied show that 
they act primarily in one of two 
distinct ways. Thus, compounds 1, 2, 
and 3 appear to act predominantly on 
the pathways mediated by epoxide 
hydrase, whereas compounds 4, 5, and 6 
have their major effect on the pathways 
mediated by esterase. However, the 
precise effect of any particular JHA is 
difficult to assess. The much larger ac- 
cumulation of the epoxy acid 7 produced 
by compounds 1, 2, and 3 compared 
with the amount of dihydroxy ester 8 
present with compounds 4, 5, and 6 
could be a reflection of the fact that 
1, 2, and 3 are better epoxide hydrase 
inhibitors than 4, 5, and 6 are esterase 
inhibitors. On the other hand, it could 
be a confirmation of an earlier indica- 
tion (8) that ester hydrolysis is more 
rapid than epoxide cleavage. It is most 
likely, though, that the data in Table 1 
result from a complex combination of 
both of these factors. 

The different degrees of JH stabiliza- 
tion shown in Table 1 cannot be said 
with complete certainty to fully account 
for the observed in vivo biological ac- 
tivity of the various JHA used in this 
investigation since the latter have been 
evaluated by numerous testing proce- 
dures with several different insect spe- 
cies. In many insect species, however, 
compounds 1 and 2 have been reported 
to exhibit "significant" activity (5, 7), 
and the activity of 3 has been shown 
to be "particularly pronounced" (6). 
The activities of 4 and 5 are sufficiently 
high to warrant field trials, but 6 is 
known to be considerably less active 
(7). In view of the many factors likely 
to be involved in determining the mor- 
phogenic action of the JHA, a directly 
proportional relation between their ac- 
tivities in vitro and their effects in vivo 
could not reasonably be expected. Thus 
factors such as differential rates of 
penetration and possible changes related 
to age and species in the rates of 
metabolism of both ithe natural JH (8) 
and the test compound will combine to 
present a very complex situation. In- 
deed it is likely that a great deal of the 
reported species specificity of various 
JHA results directly from factors of 
this type. 

Our data confirms the view (13) that 
the activity of some JHA is synergistic 
rather than intrinsically hormonal and 
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Fig. 1. Major pathways responsible for the deactivation of Cecropia juvenile hormone 
in insects. 

supports the veracity of earlier sugges- 
tions concerning the possibility of ex- 
ploiting this approach (14). Our re- 
sults, however, do not entirely rule out 
the possibility that some JHA might 
have some intrinsic hormone activity. 
The fact that various compounds have 
been reported to produce juvenile hor- 
mone activity in allatectomized insects 
(15) has been put forward in support 
of this contention. This argument, 
though, is based on 'the assumption that 

Table 1. Effect of JHA on the metabolism in 
from Prodenia eridania larvae. 

the allatectomized insects are com- 
pletely free of their own juvenile hor- 
mone at the time of testing. No direct 
evidence has yet been presented to sup- 
port this claim. Indeed, on the basis 
of considerations of binding and metab- 
olism it could be argued that low levels 
of endogenous juvenile hormone per- 
sist at the critical time of JHA applica- 
tion. 

In addition to the JHA reported here. 
which appear to act by inhibiting either 

vitro of Cecropia JH by midgut preparations 

JH metabolites produced relative 
to control (1.0) Stabili- 

JHA Epoxy Dihydroxy Dihydroxy zation 
acid ester acid of JH* 

7 8 9 

1 \ ?O > 3.8 0.5 0.3 14.6X 

2 Xo 0 4.8 0.3 0.2 19.2X 

H 
3 COCO 

,N / c 3,3 0.2 0.2 12.7 X 

/CH3 
4 CH30O C AAy COOCH 1.0 1 0 0.2 5.6 x 

CH3 

5 1/1COOOC2H5 0.7 1.1 0.3 .8 X 

6 P\ / 0.6 1.3 0.3 1.9X 

* Because the interrelation between the two possible JH deactivation pathways is complex, no direct 
relation between the degree of JH stabilization and metabolite patterns is evident from these data. The relation is further complicated by the fact that the activities of the enzymes involved, and 
possibly also their susceptibility to inhibition, are dependent on the age of the insect. Since these 
data were obtained with different enzyme preparations, the different degrees of JH stabilization 
reported do not necessarily reflect the true relative potencies of the JHA. 
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the esterase or the epoxide hydrase re- 
sponsible for JH metabolism, we have 
evidence (9) that other JHA may act 
through epoxide hydrase activation. The 
initial response of insects treated with 
each type of material is of course dif- 
ferent though the end result, disrup- 
tion of development, is apparently the 
same. 

Our data may indeed provide the 
basis for a more rational approach to 
the design and development of a variety 
of compounds with potential JHA ac- 
tivity. 

MICHAEL SLADE 

C. F. WILKINSON 

Depart,ment of Entomology, 
Cornell University, 
Ithaca, New York 14850 
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A new human papovavirus, JC virus, 
was recently isolated (1) from brain 
tissue of a case of progressive multi- 
focal leukoencephalopathy (PML). Al- 
though PML is a degenerative disease 
of the brain of man, the scattered 
giant astrocytes usually present in the 
lesions cannot be distinguished from 
the malignant astrocytes of pleomor- 
phic glioblastomas (2). This obser- 
vation in itself could raise a question 
concerning the oncogenic potential of 
this virus, but, in addition, the follow- 
ing points suggest that the tumor-in- 
ducing capacity of JC virus should be 
examined: (i) JC virus belongs in that 
subgroup of papovaviruses (polyoma, 
SV40) that have a strong capacity for 
transforming cells in vitro and for in- 
ducing tumors in laboratory animals; 
(ii) JC virus is found in deep tissues 
of man (in contrast to the human 
papilloma virus); and (iii) approximately 
75 percent of adults have serum anti- 
body against JC virus, which is evi- 
dence of infection by this virus (3). 
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The data presented here are part of 
such an examination and indicate that 
JC virus is strongly oncogenic in the 
central nervous system of hamsters. 

JC virus is distinct from polyoma, 
SV40, and other papovaviruses in 
several respects (1); however, we have 
unpublished evidence of a weak rela- 
tionship between JC and SV40 virion 
antigens. Because of this relationship 
and because polyoma virus and SV40 
are known to be highly oncogenic in 
newborn hamsters, care was taken to 
reduce the possibility that the observed 
effects could be due to adventitious 
SV40 or polyoma viruses. 

Golden Syrian hamsters (Mesocri- 
cetus auratus from Lakeview Hamster 
Colony, Newfield, New Jersey) less 
than 24 hours old were inoculated both 
intracerebrally and subcutaneously with 
JC virus or with control material. In- 
oculation was into the right cerebral 
hemisphere and under the skin over the 
shoulders. The virus dose in each site 
was 106 TCID,o (tissue culture infec- 
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tive dose, 50 percent effective) (2048 
hemagglutinating units) in 0.02 ml. 

The virus inoculum was from the 
third passage in primary human fetal 
glial (PHFG) cell cultures (1) and 
was concentrated and partially purified 
by differential centrifugation. The con- 
trol inoculum was a concentrated and 
partially purified extract of uninfected 
PHFG cells. The inocula were cultured 
for mycoplasma (4) with negative re- 
sults. That the virus inoculum had the 
characteristics typical of JC virus was 
checked by inoculation onto PHFG 
cells and two cells derived from Afri- 
can green monkey kidney cultures 
(Vero and CV-1). JC virus does not 
produce cytopathic effects in Vero or 
CV-1 cells, but SV40 virus does. Dur- 
ing a 21-day observation period, cyto- 
pathic effects were seen only in the 
PHFG cultures, and only JC viral anti. 
gen was detected (in the PHFG cul- 
tures) when inoculated cultures of all 
three cell types were stained by the in- 
direct immunofluorescent technique 
with anti-JC, anti-SV40, and anti- 
polyoma serums. 

There was no evidence of acute 
disease caused by the inocula. Sixty- 
three of 100 hamsters inoculated with 
JC virus and 39 of 69 inoculated with 
control material survived the initial 
manipulations and were placed under 
long-term observation. 

Three months after inoculation, four 
animals from each group were killed, 
and their tissues were examined for 
gross and microscopic lesions. Although 
no signs of disease had been seen in 
these animals, one of the four inoculated 
with JC virus had a definite micro- 
scopic tumor deep in one cerebral 
hemisphere. The other three had col- 
lections of abnormal cells in the brain 
that suggested early tumor foci. The 
control hamsters showed no evidence 
of disease. 

Approximately 4 months (123 days) 
after inoculation overt signs of central 
nervous system disease were recognized 
in a JC virus-inoculated hamster. Ad- 
ditional animals with signs of central 
nervous system disease appeared at a 
fairly steady rate of five or six per 
week. Central nervous system disease 
usually was signaled by decreased ac- 
tivity, somnolence, unsteady gait, and 
circling. In order to obtain fresh tis- 
sues, most animals were killed within 
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circling. In order to obtain fresh tis- 
sues, most animals were killed within 
5 days after onset of signs of disease; 
otherwise they usually died within 10 
days. 

Six months after inoculation the 
nine remaining JC virus-inoculated 
hamsters and the control animals were 
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Human Papovavirus (JC): Induction of Brain Tumors in Hamsters 

Abstract. Eighty-three percent of hamsters inoculated at birth with JC virus, 
a human papovavirus isolated from brain tissue of a case of progressive multi- 
focal leukoencephalopathy, developed malignant gliomas within 6 months. Three 
brain tumors have been serially transplanted as subcutaneous tumors. JC virus 
was isolated from five of seven tumors tested. Cells from four tumors were culti- 
vated in vitro. These cells contained an intranuclear antigen with the character- 
istics of a T antigen, and this antigen was antigenically related to SV40 T antigen. 
Although virus was not recovered from extracts of serially cultured tumor cells, 
JC virus was rescued when one tumor cell line was fused with permissive cells. 
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