mals analyzed [seven of seven backcrosses,
three of three intercrosses (typing of eight
animals is shown in Fig. 2)] were homozy-
gous for the NOD 9.5-kb band
(P < 0.0001, binominal distribution), sug-
gesting a recessive contribution to diabetes
susceptibility. Because the incidence of dia-
betes in backcross females was only 15.6
percent, we hypothesize that there is at least
one and probably two or more susceptibility
genes in addition to the MHC-linked diabe-
togenic gene.

It is interesting that the diabetogenic his-
tocompatibility gene functions in a “reces-
sive” manner. The recessive nature of the
MHC contribution to the development of
diabetes is analogous to the results obtained
from breeding studies in the BB rat, which
also develops type I diabetes (15). Among
these animals the incidence of diabetes in
individuals homozygous for the MHC
(RT1-u) is ten times greater than that in
heterozygous individuals in crosses with
Lewis, Brown Norway, and BBN RT1-A
rats (15, 16). In human type I diabetes there
is a higher incidence of concordance in
diabetic siblings sharing both histocompati-
bility regions (20 percent) than in those
sharing one histocompatibility antigen ha-
plotype (5 percent) (17).

Class I and class II MHC-linked gene
products are expressed in a codominant
fashion on the cell surface. Responsiveness
to foreign antigens controlled by class II
genes is inherited as a dominant trait (I8).
The recessiveness of the diabetogenic influ-
ence of the NOD MHC genes contrasts
with the “dominant” inheritance of class II-
determined responsiveness to foreign anti-
gens and can be explained by at least three
mechanisms. First, if the MHC-linked dia-
betogenic gene is a class II immune-re-
sponse gene, a lack of diabetes in heterozy-
gotes may be due to decreased cell-surface
expression of a specific a:f class II hetero-
dimer on antigen-presenting cells, lympho-
cytes, or possibly the target tissue. Since
class II molecules are a:f heterodimers, the
a and B chains can associate in mice hetero-
zygous at I-A loci, which would reduce the
expression of the parental-type heterodimers
(19). Such decreased parental heterodimer
expression can cause a proportional decrease
in the responsiveness of MHC-restricted T-
cell clones (I4). Second, the anti-islet im-
mune response involved in type I diabetes of
NOD mice may be controlled by a class II
immune “suppressor” gene. In such a sys-
tem, low responsiveness is inherited as a
dominant trait and high responsiveness is
inherited as a recessive trait (20). Third, the
MHC:-linked gene involved in the patho-
genesis of type I diabetes mellitus may in-
volve a deletion (for example, lack of an I-E

14 FEBRUARY 1986

chain gene). Congenital adrenal hyperplasia
results from a deficiency in a 21-hydroxylase
enzyme and is inherited as an MHC-linked
autosomal recessive trait (2I). Further
breeding studies and analyses of the unique
MHC of the NOD mouse should allow
direct testing of the three hypotheses.
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Pinealocyte Projections into the Mammalian Brain
Revealed with S-Antigen Antiserum

H.-W. Korr, A. OkscHE, P. EXsTROM, 1. GERY, ]. S. ZIGLER, JR.,

D. C. KLEIN

Neural processes from mammalian pinealocytes have been discovered in several brain
areas. These processes were visualized immunocytochemically in the Djungarian
hamster, Phodopus sungorus, with an antiserum against bovine retinal S-antigen and
traced as far as the region of the posterior commissure and habenular nuclei. This
result indicates that pineal-to-brain connections exist in the mammal, and that the
mammalian pineal gland, currently thought of only as a neuroendocrine organ, may
communicate directly with select brain regions by way of these projections. The
existence of mammalian pinealocyte projections is consistent with the view that these
cells are not of glial origin but are derivatives of photoreceptor cells of the pineal
complex of lower vertebrates that transmit signals to the brain by neural projections.

HE PINEAL ORGAN HAS UNDER-

gone remarkable structural and func-

tional modification during evolution
(1). In poikilotherms it has a prominent
photosensory apparatus and sends neural
projections to the brain (2). In contrast, the
mammalian pineal gland is not directly pho-
tosensitive, but is regulated by light acting
on the lateral eyes and a circuit of central and
peripheral neural structures (3); in addition,
it is generally thought that the mammalian
pineal gland acts as a neuroendocrine organ
which controls target tissue exclusively
through the circadian release of melatonin
and perhaps other hormones into the circu-
lation (4). However, we now present evi-
dence that mammalian pinealocytes send

projections into the brain, pointing to the
possibility that some mammalian pinealo-
cytes might function as neurons.

A group of 13 Djungarian hamsters were
studied (5). In this species, a superficial
pineal gland is connected to a deep pineal
gland by a pineal stalk (Fig. 1). The superfi-
cial pineal gland was surgically removed
from three animals 1 week before fixation
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(6). Serial coronal brain sections were exam-
ined immunocytochemically using a rabbit
antiserum against purified bovine retinal S-
antigen (7, 8). The S-antigen is a highly
antigenic protein found only in retinal pho-
toreceptors and pinealocytes belonging to
the sensory line, which includes pineal pho-
toreceptors of poikilotherms, modified pine-
al photoreceptors of sauropsids and mam-
malian pinealocytes (7, 9); it has not been
detected in other tissues. In this study im-
munoreactions were not seen when the anti-
serum had been absorbed with highly puri-
fied S-antigen (8) or when it was replaced by
nonimmune rabbit serum.

Immunoreactive material was identified
in the superficial, stalk, and deep portions of
the pineal organ, and within a small number
of cells in the medial habenular nucleus (Fig.
2, a—<); surrounding brain tissue was un-
reactive. As described in other species (7),
marked cell-to-cell variation in the intensity
of the immunoreaction was also found in
the Djungarian hamster pineal organ. How-
ever, the majority of cells were clearly la-
beled, and the shape of immunoreactive cells

resembled that of typical pinealocytes; this
observation, together with the knowledge
that pinealocytes form the major cellular
component of the pineal organ and that only
5 to 10 percent of the cells are astrocytic glia
(10, 11), indicates that the labeled cells in
the Djungarian hamster pineal gland are
pinealocytes.

Cells located in the deep portion of the
pineal organ gave rise to immunoreactive
processes with varicosities (Fig. 2, d—k) that
penetrated deep into the medial habenular
nucleus and the region of the posterior
commissure. Bifurcations of these processes
were occasionally identified within these
regions. Examination of serial sections indi-
cated that processes originated from S-anti-
gen—labeled pinealocytes. The issue of
whether these processes might in part repre-
sent sympathetic neurons secondarily la-
beled as they passed from the superficial
pineal gland and through the deep pineal
gland (12, 13) was tested by examining three
animals after the superficial pineal gland was
removed. This procedure cuts the sympa-
thetic innervation of the deep pineal. How-

ever, this treatment did not eliminate or
seem to reduce S-antigen—labeled processes
in the habenular and posterior commissure
regions of the brain, which indicated that
the processes were not largely sympathetic
neurons. The possibility that these processes
represent “conventional” intrapineal neu-
rons is remote because such neurons are
extremely rare in rodents (10). Also, the
possibility that these processes represent gli-
al processes is remote because the S-antigen
has not been identified in glia in nonpineal
regions and because only pinealocytes ap-
pear to contain this marker in the pineal
gland (7). Thus, it would appear from these
findings that pinealocytes send projections
into the brain in mammals as is true of lower
vertebrates and that the general morpholog-
ical organization of the epithalamus in the
mammal is fundamentally similar to that in
lower vertebrates. The projections identified
in this study may explain the electrophysio-
logical evidence of neural communication
between the pineal organ and brain (14).
These findings bear on the question of the
evolution of the mammalian pineal cell. The

Fig. 1 (left). Sagittal section through the brain of the Djungarian hamster,
Phodopus sungorus, close to the midsagittal plane. Lines represent the planes
of section of micrographs in Fig. 2; letters correspond to the individual
micrographs. Abbreviations: T, telencephalon; CC, corpus callosum; Pl,
plexus choroideus of the III ventricle; SM, stria medullaris; MH, medial
habenular nucleus; CH, habenular commissure; Th, thalamus; DP, decp
pineal organ; PS, pmcal stalk; SP, superficial pmcal organ; CP, posterior
commissure; SCO, subcommmsural organ; SC, supenor colhculus, Ce,
cerebellum. an 2 (right). Retinal S-anugcn—hkc reactivity in the deep
portion of the pineal organ, the epithalamic and mesencephalic region of the
Djungarian hamster, Phodopus sungorus. Coronal paraffin sections. Arrow-
heads show the dccp portion of the pineal organ. Abbreviations: H,
habenular nucleus; CH, habenular commussure; CP, posterior commissure;
PR, pineal recess of the third ventricle; III, thlrd ventricle; SCO, subcom-
missural organ; SM, stria medullaris; PT, prctecul area; CA, cerebral
aqueduct. Asterisks indicate scattered immunoreactive cells in the habenular
nucleus and arrows the immunoreactive processes of pinealocytes. Bars, 20
pm. (a) Survey of the epithalamic region; deep pincal, comprising numerous
strongly immunoreactive pinealocytes. Scattered i immunoreactive cells in the
habenular nucleus. (b) Control region corresponding to that shown in (a).
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No immunoreaction is seen in the deep pineal and the habenular nuclei after
incubation of the section with the diluted antibody (1:2000) to which 100
nmol of the purified bovine retinal S-antigen was added. (c to i) Immunore-
active processes of pinealocytes in the habenular nucleus. (j and k) Immuno-
reactive processes in the region of the posterior commissure.

SCIENCE, VOL. 231



existence of mammalian pinealofugal projec-
tions adds an anatomical entry to a growing
list of features, primarily biochemical
(7, 15), establishing that the mammalian
pinealocyte in the sensory cell line evolved
from the photosensitive pinealocyte of
poikilotherms ().

These findings also challenge current con-
cepts of how the mammalian pineal sends
messages. Substantial evidence supports the
general belief that it communicates exclu-
sively by releasing melatonin into the blood
(4). Our evidence leads to the speculation
that pinealocyte processes may deliver chem-
ical messages directly to specific target sites
in the central nervous system.

An obvious question to address is wheth-
er any function of the mammalian pineal
gland might depend on central pinealocyte
projections. The answer might lic in the
body of reports on effects of the administra-
tion of melatonin. Many of these studies
have been ignored because they use doses of
melatonin that are considered high, on the
basis of the physiological concentration of
the compound in blood (0.1 nAf). Howev-
er, the concentration of melatonin outside a
pinealocyte process might be several orders
of magnitude higher than the normal blood
concentration because melatonin within the
pineal gland can be 10,000 nA and because
as a highly lipophilic compound it can readi-
ly cross the plasma membrane. Along the
same lines, it seems reasonable that other
pineal products could be released from these
processes. Taurine, for example, is a trans-
mitter substance that is rapidly released from
pineal cells through an adrenergic—cyclic
AMP-regulated mechanism (16).

This development makes the mammalian
pinealocyte a candidate for a role as neuron.
It will now be important to characterize
mammalian pinealocyte processes, to deter-
mine if and where they make functional
contacts, and to establish their contents and
whether they have a physiological function.
. A more complete understanding of the
physiological role of the mammalian pineal
gland could result as investigators try to
uncover a functional relationship between
the pineal organ and areas of the brain
receiving pineal projections. Perhaps these
connections transmit information about dai-

ly rhythmicity.
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High Titers of Autoantibodies to Topoisomerase I
(Scl-70) in Sera from Scleroderma Patients

J. H. SHERO, B. BORDWELL, N. F. ROTHFIELD, W. C. EARNSHAW*

Patients with rheumatic diseases often have circulating autoantibodies to nuclear
components. The clinical significance of the antibodies is controversial, although in
some cases they are valuable in the diagnosis of the disease. This report presents results
of a study of Scl-70, an autoantigen recognized by sera of many patients with the most
severe form of progressive systemic sclerosis. It was possible to show, by three
independent criteria, that Scl-70 is the abundant nuclear enzyme DNA topoisomerase
1. Therefore, antibody probes of high titer and high affinity are now available for the

study of this important nuclear enzyme.

HEUMATIC DISEASES SUCH AS SYS-

temic lupus erythematosus and

\_scleroderma are often associated

with the presence of antinuclear autoanti-

bodies (I). With few exceptions (2) the

cellular identity of these antigens is un-

known. We have, therefore, recently begun

the detailed characterization of the major

chromosomal autoantigens recognized by
sera of scleroderma patients (3, 4).

Scl-70, a nuclear autoantigen reported to
have a molecular weight of 70,000 (70K)
(5, 6), is recognized by sera from certain
scleroderma patients (particularly those with

diffuse disease). However, when we used
the immunoblotting method to characterize
human Scl-70 (Fig. 1), the antigen was
found to be significantly larger than previ-
ously estimated (5, 7). We observed a single
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