
poly(ADP-ribose) synthesis in intact 
cells versus permeable cells is unknown. 
Thus, achieving a concentration of exog- 
enous 3AB sufficiently low to inhibit 
poly(ADP-ribose) synthesis, but to have 
no nonspecific effects in intact cells, may 
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Cerebellar Autonomic Function: Direct 
Hypothalamocerebellar Pathway 

Abstract. A direct hypothalamocerebellar projection in the cat was revealed by 
means of retrograde transport of wheat germ agglutinin-horseradish peroxidase 
complex. This appears to be the first demonstration of a significant autonomic input 
to the cerebellum. The projection has a widespread origin and is bilateral with an 
ipsilateral preponderance. 

Cerebellar influences on visceral func- 
tions, as described by Moruzzi (1) more 
than 30 years ago, have been recently 
confirmed (2). Although a cerebellohy- 
pothalamic pathway (from the fastigial 
nucleus) has been described (3), other 
projections participating in cerebellar 
autonomic control remain essentially un- 
known. In particular, information on in- 
put to the cerebellum from autonomic 
centers is lacking. A highly sensitive 
wheat germ agglutinin-horseradish per- 
oxidase (WGA-HRP) complex, used as a 
retrograde tracer, revealed a projection 
from the hypothalamus to the cerebellar 
cortex. 

Seven cats (2.1 to 3.1 kg) were anes- 
thetized with pentobarbital sodium (Me- 
bumal), and 0.2 pl of 1 percent WGA- 
HRP (Sigma) was injected into the cere- 
bellar cortex through a 1-pl Hamilton 
syringe. Six cats each received two in- 
jections (altogether 0.4 pl of WGA- 
HRP), and the seventh received four 
injections in different cortical folia (alto- 
gether 0.8 p1 of WGA-HRP). After 2 
days, the cats, while under deep pento- 

barbital anesthesia, were killed by intra- 
cardiac perfusion with physiological sa- 
line; this was followed by perfusion with 
a solution containing 1.25 percent glutar- 
aldehyde and 1 percent paraformalde- 
hyde in 0.01M phosphate buffer at pH 
7.4, and finally with a solution of 10 
percent sucrose. The brain was immedi- 
ately isolated, removed, and placed in 30 
percent sucrose. The cerebellum was cut 
frontally or sagittally and the brainstem 
was cut transversally in serial sections at 
50 pm on a freezing microtome. Two of 
five consecutive sections were mounted. 
The sections were treated with tetra- 
methylbenzidine as a chromogen (4). 
One series was weakly stained with neu- 
tral red and the other was left unstained. 
Several normal animals that served as 
controls were processed in the same 
manner as the experimental animals. No 
labeled hypothalamic neurons were 
found in the controls. 

The sections from the experimental 
animals (and the controls) were exam- 
ined with bright-field and interference- 
contrast microscopy. In five cats the 

Fig. 1. (A) Photomicrograph showing the cerebellar cortical injection site in cat B.St.L.974 
(injected in the anterior lobe). Scale bar, 1.5 mm. Patches of dark staining in the granular layer 
on both sides of the two injected folia are excess deposits of neutral red. (B) Photomicrograph 
showing three retrogradely labeled neurons (arrows) in the lateral hypothalamic area in cat 
B.St.L.977. Scale bar, 150 km. For abbreviations, see Fig. 2. 
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injections were confined to the cerebel- and posterior hypothalamic areas and in 
lar cortex and the folial white matter periventricular and supraoptic nuclei. In 

after injections of large amounts of 
WGA-HRP in the visual system. Fur- 

(Fig. 1A). The other two animals had 
additional staining of adjacent parts of 
the central white matter, but the cerebel- 
lar nuclei were not involved. The size 
and distribution of retrogradely labeled 
neurons in the hypothalamus were 
mapped and later transferred to drawings 
representing equal intervals through the 
hypothalamus. The delineation of the 
various hypothalamic nuclei was based 
on the description by Bleier (5). 

Retrogradely labeled hypothalamic 
neurons were found in all experimental 
animals [injections in the anterior lobe 
(vermal and intermediate cortex of lob- 
ules IV and V), the posterior lobe vermis 
(lobule VII), lobulus simplex, crus I, 
crus 11, and the paramedian lobule]. In 
one animal (6 ) ,  222 retrogradely labeled 
hypothalamic neurons were counted. 
Most labeled cells were located within 
lateral hypothalamic areas, although sev- 
eral neurons were also found in dorsal 

addition, a few cells were located just 
inside the borders of the tuberomammil- 
lary , lateral mammillary , and ventrome- 
dial nuclei and tuber cinereum. The hy- 
pothalamocerebellar projection appears 
to be bilateral, although after unilateral 
injections most of the labeled cells were 
on the ipsilateral side. These labeled 
neurons usually had a maximum diame- 
ter between 20 and 30 km. The hypotha- 
lamic localization of some retrogradely 
labeled cells is shown for cat B.St.L.977 
(Figs. 1 B and 2). 

The absence of labeled cells in the 
controls shows that the stained hypotha- 
lamic neurons in the experimental ani- 
mals are the result of retrogradely trans- 
ported WGA-HRP and not endogenous 
peroxidase activity. Transneuronal 
transport of WGA-HRP could also ex- 
plain these findings. However, only an- 
terograde transneuronal transport has 
been described in mammals (7) and only 

Ros t ra l  

Hda 

Fig. 2. Diagram show- 
ing the location of some 
of the retrogradely la- 
beled neurons in cat 
B.St.L.977 as seen in 
four equidistant trans- 
versal sections through 

F F the hypothalamus. Ab- 
breviations: fd ,  de- 
scending column of the 
fornix: FF, nucleus of 
the fields of Forel; 
Hda,  dorsal hypotha- 
lamic area; Hla, later- 
al hypothalamic area; 
Hpa, posterior hypo- 
thalamic area; M m ,  me- 

8 dial mammillary nucle- 

FF 
us; M.rec., mammillary 
recess of the third ven- 

D P s u g  
tricle; Ms, supramam- 
millary nucleus; of, op- 
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tic tricular supraoptic tract; nucleus; Pe, nucleus; periven- So, Su, 
2 " subthalamic nucleus; 

Tea, area of the tuber 
cinereum; T m ,  tubero- 

@ mammillary nucleus; 
V e m ,  ventromedial nu- 

Hda cleus; and V 111, third 
ventricle. 

FF 
\ 
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thermore, experiments in our laboratory 
have failed to show such transport in 
various fiber systems at survival times 
and injected quantities comparable to 
those used in the present study. 

Neuronal labeling as a result of vascu- 
lar transport of WGA-HRP is not likely 
to have occurred during this study. The 
cerebellar injections were made superfi- 
cially with visual guidance, and special 
care was taken to avoid larger vessels. 
Furthermore, none of the animals 
showed perivascular labeling in the hy- 
pothalamus as evidence for uptake of 
WGA-HRP from the vascular system. 
One additional control animal received a 
vascular injection of 0.4 p1 of WGA- 
HRP. This cat showed no stained hypo- 
thalamic neurons. Uptake of WGA-HRP 
from the cerebrospinal fluid can also be 
excluded, since the staining at the injec- 
tion sites was confined to the cerebellar 
cortex and did not approach the fourth 
ventricle. 

Retrogradely labeled cells in the hypo- 
thalamus after cerebellar injections have 
been described in reptiles (8, 9). Howev- 
er. some of the authors of these studies 
considered the staining of hypothalamic 
neurons to result from the spread of 
tracer to the locus ceruleus (8). An in- 
volvement of this nucleus can be defi- 
nitely excluded in the present study 
since the WGA-HRP injections were re- 
stricted to the cerebellar cortex. 

The finding of a hypothalamocerebel- 
lar projection in the cat was unexpected, 
even though a cerebellohypothalamic 
projection from the fastigial nucleus had 
been described (3). A study of the latter 
projection with modern tracer tech- 
niques would provide information con- 
cerning its quantity, sites of termination, 
and potential interaction with the hy- 
pothalamocerebellar pathway (10). The 
hypothalamocerebellar projection and its 
potential reciprocal (3) provide circuits 
through which autonomic hypothalamic 
function could influence, and be influ- 
enced by, the cerebellum. 

ESPEN DIETRICHS 
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Antigenic Similarity Between Cells Transformed by 
Ultraviolet Radiation in vitro and in vivo 

Abstract. Cells of the 1OT 112 mouse fibroblast line transformed in vitro by 
ultraviolet radiation are antigenically similar to those from skin cancers produced in 
mice by repeated exposure to ultraviolet radiation. Both types of tumor cells grew 
preferentially in ultraviolet-irradiated syngeneic mice relative to untreated animals, 
and both were recognized by ultraviolet radiation-induced tumor-spec$c suppressor 
lymphocytes. These properties were not shared by IOT 112 cells transformed in vitro 
by x-rays or 3-methylcholanthrene. 

Skin cancers induced in mice by re- cytes. The results suggest that exposure 
peated exposure to ultraviolet (UV) radi- of cells to UV radiation induces a carcin- 
ation have two unusual immunological ogen-associated determinant (or set of 
properties. First, these tumors are highly determinants) against which the UV ra- 
antigenic, in that most are rejected im- diation-induced suppressor T lympho- 
munologically when transplanted into cytes react, and that there is a similarity 
normal syngeneic mice. Second, they 
grow progressively in syngeneic mice 
that have been given a small number of 
exposures to UV radiation (1). The sus- 
ceptibility of the UV-irradiated mice to 
transplanted tumors is caused, at least in 
part, by the suppressor T lymphocytes in 
their lymphoid organs, which prevent 
immunological rejection of the tumors 
(2). These lymphocytes are specific for 
UV radiation-induced tumors as a 
group, as evidenced by the finding that 
they do not decrease the resistance of 
the host to transplanted syngeneic tu- 
mors induced by other carcinogens (3). 
We investigated whether the antigenic 
determinant on UV radiation-induced 
tumor cells that is recognized by the UV 
radiation-induced suppressor lympho- 
cytes arises as a consequence of expos- 
ing the cells to UV radiation or whether 
this determinant is present normally on 
cells of a particular lineage in the skin 
that are highly susceptible to transforma- 
tion by UV radiation but less susceptible 
to transformation by other carcinogens. 

We used tumor cell lines produced by 
in vitro transformation of cloned mouse 
fibroblasts by UV radiation, 3-methyl- 
cholanthrene (MCA), or x-rays. The de- 
velopment of these cell lines was com- 
pared in normal, UV-irradiated, and 
immunosuppressed mice. Only the tu- 
mor lines produced by transformation 
with UV radiation grew preferentially in 
UV-irradiated mice relative to untreated 
animals, and this preferential growth was 
attributable to the activity of the UV 
radiation-induced suppressor T lympho- 
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TU3 were derived from type I11 foci, 
which are usually highly tumorigenic; 
clone TU4 was derived from a type I1 
focus. Type I1 foci generally are com- 
posed of cells that are less tumorigenic 
than those in type I11 foci (4). Both of the 
cell lines obtained from x-ray-trans- 
formed clones were derived from type 
I11 foci generated by 600 R of x-radia- 
tion. The four MCA-transformed cell 
lines also originated from type I11 foci. 
Transformants, which grew as dense foci 
on top of a contact-inhibited monolayer 
of normal cells, were isolated with stain- 
less steel cloning cylinders. These cells 
were propagated in culture to provide 
sufficient quantities for injection into 
mice. The minimum tumorigenic dose of 

Table 1. Growth in syngeneic mice of C3H 10T 112 cells transformed in vitro by MCA, x-rays, or 
UV radiation. 

Tumor incidence in syngeneic mice 

Number 
Cell line 

- .. 
Carcinogen 

lnJecrea treated diated* x-irradiated 
(450 R) 

Thymecto- 
01 cells . .  . I Un- UV-irra- mized and 

None 10T 112, 

MC A PT 
16 

Total (%) 

X-radiation F11 
F17 

Total (%) 

UV radiation TU2 
TU3 
TU4 

Total (%) 

clone 8 1 x 10' 

1 x 103 
1 x 103 
1 x 10' 
1 x lo4 

*Exposed to sunlamp radiation three times per week for at least 12 weeks. 

Table 2. Effect of UV radiation-induced suppressor lymphocytes on the growth of C3H IOT 112 
fibroblasts transformed in vitro. 

Tumor incidence in mice challenged with 

UV UV MCA- 
Cells used to reconstitute radiation- radiation- trans- 
lethally x-irradiated mice induced transformed formed 

sarcoma IOT 112 10T 112 
cells cells cells 

(1 x 106)* (1 x 106)t (1 x lo4) 

Normal lymphoid cells (5 x lo7) 0110 0110 4110 
UV-irradiated lymphoid cells (5 x lo7)$ 10110 8110 4110 
Normal cells (5 x lo7) plus UV- 5110 5110 5110 

irradiated lymphoid cells (5 x lo7)$ 

*Derived from a tumor induced by repeated irradiation of a C3H mouse with FS40 sunlamps. :10T 112 
cells transformed in vitro with 254-nm UV radiation. Sp leen  and lymph node cells from mice exposed to 
sunlamp radiation four times per week for at least 12 weeks. 
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