related to its ability to bind specifically
to basement membranes. This binding
capacity could contribute significantly to
the organism’s extreme virulence.
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Induced Expression of the Gluccecorticoid Receptor in the
Rat Intermediate Pituitary Lobe

Abstract. Synthesis and release of pro-opiomelanocortin-derived peptides are
under differential regulation in the anterior and intermediate lobes of the pituitary.
Glucocorticoids inhibit synthesis of pro-opiomelanocortin-related peptides in the
anterior lobe but not in the intermediate lobe. These two lobes are also characterized
by differences in neural innervation and blood flow, both of which may represent
routes of access for regulatory factors (the intermediate lobe is avascular). Immuno-
reactive glucocorticoid receptor, which can be demonstrated in many tissues, is
absent from the intermediate lobe. Immunocytochemistry was used to demonstrate
the presence of immunoreactive glucocorticoid receptor in the intermediate lobe
after pituitary stalk transection, neurointermediate lobe grafts to kidney capsule, or
monolayer culture of neurointermediate pituitary cells. This appearance of the
glucocorticoid receptor is presumably a consequence of removal of intermediate
pituitary cells from neural influences that may be responsible for inhibiting their
expression under normal conditions in vivo.
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In contrast to the AL, the IL is poorly growth (20) appear to be inhibited by
277



Fig. 1 (left). Immunoperoxidase localization
of glucocorticoid receptor in a rat that re-
ceived an implant of the NIL from a donor rat
of the same age group. Implants were placed
under the kidney capsule. (A) The IL of the
intact pituitary in situ. As we observed earlier
(16), no immunocytochemical staining is de-
tected. (B) A portion of the IL 1 week after
grafting to the kidney capsule; a significant
level of staining is seen in most of the cells.
Immunoperoxidase staining was performed as
described earlier (16). Briefly, histological
sections from Bouin-fixed, paraffin-embedded
tissue were reacted with a rabbit polyclonal
antibody to the rat glucocorticoid receptor
(32). The antibodies bound to the tissue were
revealed by an antibody to rabbit immunoglobulin G (IgG) labeled with peroxidase (16). When
the sections were stained with either a monoclonal antibody (30) or a polyclonal (31) antibody to
the human glucocorticoid receptor, which also reacts with the rat receptor (31), similar results
were obtained. Scale bar, 50 um for this and all subsequent figures. Fig. 2 (right).
Immunoperoxidase localization of glucocorticoid receptor in the IL of the pituitary of a rat with
pituitary stalk transection. The animal was killed 2 weeks after the surgery. This tissue section
was processed for the localization of the glucocorticoid receptor, as in Fig. 1, with a polyclonal
antibody to the rat receptor (32). A significant immunoreactivity is observed in these IL cells as
compared to those in intact pituitary IL (Fig. 1A). Nuclear and cytoplasmic staining can be
seen.

Fig. 3. (A) Inmunoperoxidase localization of glucocorticoid receptor (16) in NIL pituitary cells
maintained in primary monolayer culture as described (22, 23). After 6 days in culture, the cells
were fixed and processed (23) for immunoperoxidase localization of glucocorticoid receptor
(16), with a monoclonal antibody to the human receptor (30). When either one of the two
polyclonal antibodies (31, 32) or a monoclonal antibody (33) was used to localize the receptor,
similar results were obtained. (B) To demonstrate that the cells that stain with the receptor
antibodies are indeed IL cells, we used a double-labeling procedure (23). The cells previously
stained by immunoperoxidase as in (A) were further incubated with rabbit antibody to a-MSH
(27). The bound antibodies were revealed by antibodies to rabbit IgG labeled with fluorescein
(Boehringer Mannheim). As observed in a fluorescence microscope, the cells shown in (B) also
stain with antibody to a-MSH. (C) Immunocytochemical control in which the cells were
incubated with the antibody to the receptor previously absorbed overnight with 0.1 pg of
purified receptor (32) per milligram of IgG. No staining is observed.
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neural mechanisms, the molecular bases
of which are unknown. We therefore
questioned whether neural mechanisms
might regulate the expression of IL glu-
cocorticoid receptors, in which case de-
nervation of IL might facilitate the detec-
tion of glucocorticoid receptors.

We used three models of denervated
IL cells, namely (i) grafting of IL tissue
into a site remote from the pituitary
(under the kidney capsule) (21), (ii) stalk
transection, and (iii) culture of the IL
cells in vitro (22, 23). Both of the surgical
procedures were associated not only
with viability of IL tissue but with evi-
dence of increased or maintained growth
(24). At 12 days after stalk section, no
change was seen in pituitary protein con-
centration (25). Other investigators, us-
ing grafted NIL, have obtained histologi-
cal evidence of increased secretory ac-
tivity (25) and enhanced secretion, as
measured by the appearance of bioas-
sayable MSH-like activity in plasma (23,
25).

The glucocorticoid receptor in grafted
IL cells was detected as early as 1 week
after surgery and was present in grafted
IL cells 2 and 4 weeks after surgery, the
early time point being the first such data
point obtained (Fig. 1B). In all instances
in which glucocorticoid receptor was
present in the grafted IL (n = 6), the
intact IL of the same animal was devoid
of immunoreactive glucocorticoid recep-
tor (Fig. 1A), in agreement with our
previous observations (/6). In all in-
stances, abundant glucocorticoid recep-
tor was present in the AL [for staining of
AL cells, see (15)]. To confirm the na-
ture of the grafted tissue, we stained
serial sections with an antibody to a-
MSH (26). The grafted tissue showed
staining typical of the IL.

In the second set of experiments, we
studied the localization of glucocorticoid
receptor in stalk-sectioned animals. In
all instances, glucocorticoid receptor
was detected in IL obtained 2 weeks
after the animals (n = 6) were killed, the
only time point studied (Fig. 2). Earlier
studies showed that serotonin-immuno-
reactive fibers almost disappeared from
IL 7 days after pituitary stalk transection
(24). Serotonin concentrations decreased
by 44 percent and dopamine levels de-
creased by 77 percent in the IL of the
stalk-transected animals. These data
suggested that removal of the IL from its
hypothalamic neural connections in-
duced the expression of the glucocorti-
coid receptor, which was previously re-
pressed. To validate our in vivo observa-
tions, we used in vitro experiments in
which we examined NIL cells after
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monolayer culture (21, 22). Glucocorti-
coid receptor was detected in cells that
were immunoreactive for o-MSH (Fig.
3), an indication that the immunoreactive
cells were IL POMC-containing cells.
The presence of glucocorticoid receptor
was evident in cells after 3 days in cul-
ture, the earliest time point examined,
and could still be detected after 12 days
in culture.

In all of these experiments, rigorous
immunocytochemical control experi-
ments, similar to those described in Fig.
3C, were performed to determine the
specificity of the immunocytochemical
staining. In addition, we used two differ-
ent monoclonal and two different poly-
clonal antibodies to glucocorticoid re-
ceptor in all of these studies and ob-
tained similar results with all of them.
This strongly indicates that the antigen
detected in the IL was indeed the gluco-
corticoid receptor. Furthermore, in par-
allel experiments (28), we used Western
blot analysis (29) to show that the immu-
noreactive glucocorticoid receptor found
in the NIL cultures had a molecular
weight identical to that of the receptor in
AL and liver. In other parallel studies,
we found that incubation of primary NIL
cultures with 100 nM dexamethasone for
30 minutes resulted in a significant atten-
uation (30 to 50 percent) of corticotropin-
releasing factor (CRF)-stimulated secre-
tion (10 nM CRF for 30 minutes) of
immunoreactive B-endorphin and o-
MSH from primary NIL cultures (4
days). In contrast, less than 10 percent
inhibition occurred in 1-day NIL cul-
tures. These data demonstrate that the
induced receptor is functional.

We have shown that glucocorticoid
receptor expression can be induced in a
normally nonexpressing tissue. This
finding may provide a working hypothe-
sis for the study of the molecular basis of
glucocorticoid resistance in normal and
neoplastic tissues.
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Auditory Responses in Avian Vocal Motor Neurons:

A Motor Theory for Song Perception in Birds

Abstract. The hypoglossal motor neurons that innervate the vocal organ (syrinx) of
the male zebra finch show a selective, long-latency (50-millisecond) response to
sound. This response is eliminated by lesions to forebrain song-control nuclei.
Different song syllables elicit a response from different syringeal motor neurons.
Conspecific vocalizations may therefore be perceived as members of a set of vocal
gestures and thus distinct from other environmental sounds. This hypothesis is an
avian parallel to the motor theory of speech perception in humans.

HEATHER WILLIAMS

FERNANDO NOTTEBOHM

Rockefeller University Field
Research Center for Ethology and
Ecology, Millbrook, New York 12545

Acoustically different components of
human speech are at times perceived as a
single phoneme. What these components
have in common is the articulatory ges-
ture that produces them. This view,
known as the motor theory of speech
perception, has been advanced to ac-
count for the phonetic decoding of
speech (/). In this context, speech is
perceived not just as a sound but as a

series of articulatory gestures (/, 2). We
now report observations on songbirds
that suggest that they too may decode
conspecific sounds by reference to the
vocal gestures used to produce them.
Recordings from the tracheosyringeal
(ts) branch of the hypoglossal nerve
(NXIIts) of anesthetized adult male ze-
bra finches have shown that units in this
nerve and in the XIIts motor nucleus
(nXIIts) respond to pure tones (Fig. 1, A
and B) (3). The latency of this auditory
response is 45 to 60 msec (4), an order of
magnitude greater than the latency of a
similar auditory response in the laryn-
geal motor nucleus of the bat (5). This

279





