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Immunohistochemical localization of protein gene product 9.5 (PGP 9.5)
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ABSTRACT

Protein gene product 9.5 (PGP 9.5), a neuron-specific cytoplasmic protein, has recently been
confirmed to be present extensively in endocrine paraneurons. The present immunohisto-
chemical study examines its localization in sensory paraneurons in the rat, The immuno-
reactivity for PGP 9.5 was found in olfactory receptor cells, taste bud cells and vestibular hair
cells, but not in the hair cells of Corti’s organ or rod and cone cells in the retina. This finding
indicates the availability of PGP 9.5 as a marker substance for certain sensory cells, and adds
it to a list of ‘neuron-specific’ proteins which are shared by paraneurons.

Immunohistochemistry using antisera against neu-
ron-specific proteins has proved to be a useful tool
for selectively staining neuronal elements; it fur-
thermore has revealed the existence of those pro-
teins in non-neuronal cells which are categorized as
sensory and endocrine paraneurons (3). Neuron-
specific enolase (NSE), and spot 35 protein, origi-
nally isolated as a cerebellum-specific protein, are
representatives of such neuron-specific proteins
(6). The dual distribution of the proteins in neu-
rons and paraneurons, which failed to be accounted
for by ontogenetical aspects, seems to reflect that
certain unknown mechanisms in the cellular me-
tabolism might be shared by these cell groups (3).

Protein gene product 9.5 (PGP 9.5) (7) is a cyto-
plasmic protein predominantly contained in neu-
rons of the central and peripheral nervous systems
(4, 11, 14, 15, 17). Like NSE and spot 35 protein, this
‘neuron-specific’ protein is also expressed in several
endocrine paraneurons including anterior pituitary
cells, thyroid parafollicular cells, adrenal medullary
cells, and endocrine cells in the pancreas and stomach
(14, 15). The expression of PGP 9.5 in the endocrine
paraneurons reminds us of its possible existence in
sensory paraneurons, as we have confirmed the
extensive localization of NSE and spot 35 protein in
the sensory paraneurons (5, 6). The present study is
first to report this immunoreactivity for PGP 9.5 in
several sensory paraneurons of rats,

Male Wistar rats, weighing 200-250 g, were used

in this study. The animals were anesthetized with
pentobarbital and perfused with a physiological
saline followed by 4% paraformaldehyde solution
(in 0.1 M phosphate buffer, pH 7.4). The nasal
mucosa, tongue, eyeball and inner ear were
removed and immersed in the same fixative for an
additional 6 h. After fixation, the nasal mucosa and
inner ear were decalcified in Plank-Rychlo’s solu-
tion for 1 h. The tissues mentioned above were
immersed in 30% sucrose solution and rapidly fro-
zen in liquid nitrogen. Frozen sections were pre-
pared in a cryostat (Coldtome CM 41, Sakura) and
processed for the avidin-biotin complex (ABC)
method. The antiserum used in this study was a
rabbit anti-PGP 9.5 serum purchased from Ultra-
clone (Cambridge, U.K.). The sections were incu-
bated overnight with the antiserum diluted to
1:3,000. The reactions of the antigen-antibody
were visualized by a Streptoavidin-biotin staining
kit (Nichirei, Histofine SAB-PQO, Tokyo).

The characterization of the antiserum has been
described elsewhere (14). The specificity of the
immunoreactions was checked by incubating the
sections with a normal rabbit serum as the first
layer. A preabsorption test with the corresponding
antigen was not performed, because the antigen
was not available. The immunoreactivity of sen-
sory paraneurons demonstrated in the present
study showed the same staining property as that of
neural elements when the antiserum was gradually
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diluted.

In the olfactory mucosa, virtually all receptor
cells, namely olfactory cells, were intensely immu-
noreactive for PGP 9.5 through the entire length of
the cell body; olfactory vesicles, i.e., the terminal
swellings of the apical cell processes were more
intensely immunoreactive than other parts of the
cell (Fig. 1). The axons of the olfactory cells in the
epithelium and the lamina propria were less in-
tensely stained and frequently unclear, possibly
due to their small diameter. No supporting cells or
basal cells in the epithelium showed any positive
reaction, Positive immunoreactivity was also recog-
nized in nerve fibers of various sizes throughout
the lamina propria. They included nerve fascicles
derived from the receptor cells, and thick nerve
bundles of the trigeminal nerve located in the deep-
er region of the lamina propria. The respiratory
area of the nasal mucosa was characterized by the
wealth of immunoreactive intraepithelial nerve
fibers, fine and beaded in appearance. A small num-
ber of immunoreactive cells were found dispersed
within the respiratory epithelium (Fig. 2). The
immunoreactive cells were more numerous in the
region where the nasal glands were developed, but
rare in the region adjacent to the olfactory area.
They were columnar or pyramidal in shape and
appeared to be equipped with a tuft of microvilli or
cilia.

In the circumvallate papillae of the tongue, the
immunoreactivity for PGP 9.5 was found within
the taste buds, where several slender cells extend-
ing from the base to the taste pore were moderately
immunolabeled (Fig. 3). They were intermingled
with immunonegative cells in the single taste buds.
The frequency of occurrence of the positive cells
varied according to taste bud, some taste buds lack-
ing the positive cells. The immunoreactivity was
also localized in numerous nerve fibers within the
taste buds and in nerves densely distributed in the
lamina propria (Fig. 3).

The receptor cells in the inner ear, namely hair
cells, showed varying stainability to the PGP 9.5
antiserum according to the kinds of organs. The
hair cells in the organ of Corti were negative in
reaction. Definite immunoreactivity in the Corti’s
organ was restricted to the afferent nerve endings
contacting the basal portion of the hair cells (Fig.
4). In the vestibular organs, on the other hand, the
sensory epithelium in the maculae of the utricle
and saccule, and the crista ampullaris were stained
as a whole, because the hair cells and supporting
cells were both immunoreactive (Figs. 5-7). The
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hair cells, occasionally including the hairs, were
more intensely immunolabeled (Fig. 6).

In the retina, the outer granular layer and the
layer of rods and cones contained no cellular el-
ements immunoreactive for PGP 9.5. Thus the
visual receptor cells could not be immunostained at
all. The immunoreactivity was recognized in gan-
glion cells and their afferent fibers in the innermost
layer of the retina and also in horizontal cells
dispersed in the external part of the inner granular
layer (Fig. 8). Round cell-bodies in the internal part
of the inner granular layer were moderately immu-
nolabeled and intermingled with immunonegative
ones. The choroid membrane contained numerous
nerve elements showing the intense immunoreac-
tivity for PGP 9.5.

As expected, the immunoreactivity for PGP 9.5
could be demonstrated in sensory paraneurons in-
cluding the olfactory receptor cells, taste bud cells
and vestibular hair cells. However, we failed to stain
cochlear hair cells and visual cells. To date, only a
few reports have been available concerning the
occurrence of PGP 9.5 immunoreactivity in senso-
ry cells. In the skin, Wang et al. (17) demonstrated
PGP 9.5-immunoreactive rounded cells which
were distributed in cell clusters within the stratum
basale, and regarded them as Merkel cells and/or
melanocytes. The intense immunoreactivity in
Markel cells was demonstrated by Dalsgaard et al.
(2) and Ramieri et al. (11) in the skin and the gingi-
val epithelium of the human, respectively. The
immunoreactivity was reported by Lauweryns and

Fig. 1 PGP 9.5 immunoreactivity in the nasal mucosa
of a rat. Numerous receptor cells are selectively im-
munolabeled. The olfactory vesicles (bulbus dendri-
ticus) are more intense in immunoreaction. No im-
munoreactive cells are seen in the respiratory area (R).
x 760

Fig. 2 The respiratory area of the nasal mucosa. The
PGP 9.5-immunoreactive cells are scattered in the epi-
thelial lining. Immunopositive nerve fibers are distribut-
ed within the epithelium (an arrow) and in the nasal
glands (G). x760

Fig. 3 Taste buds in the circumvallate papilla of a rat.
Some slender cells indicated by arrows are moderately
immunoreactive for PGP 9.5. The taste buds contain
numerous immunolabeled nerve fibers. x 760

Fig. 4 The PGP 9.5 immunoreactivity in the organ of
Corti. The immunoreactivity is localized in nerve termi-
nals contacting the basal part of the outer hair cells.
x 760
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Figs. 5-7 The PGP 9.5 immunoreactivity in the inner ear. The sensory epithelium in the maculae of the utricle
(Figs. 5 and 6) and the crista ampullaries (Fig. 7) is moderately immunoreactive as a whole. In Fig. 6, hair cells are
more intensely immunolabeled. Fig. 5: x 190, Fig. 6: x760, Fig. 7: x380

Fig. 8 The PGP 9.5 immunoreactivity in the retina. Ganglion cells and rounded cells in the inner granular layer are
immunostained. More intense reactivity is seen in horizontal cells (arrows) and their processes. x300
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Van Ranst (8) in the pulmonary sensory cells of the
neuroepithelial bodies in several mammalian species.

Among the sensory paraneurons examined in
the present study, the most intense and selective
immunoreactivity for PGP 9.5 was found in the
olfactory receptor cells. Olfactory marker protein
(OMP) and NSE have been used as the specific
markers for the cells in mammals (10, 13). PGP 9.5
is the third marker substance for the olfactory
receptor cells. This protein has advantages over
NSE and OMP due to its more intense immuno-
reactivity. It remains unclear whether the immuno-
reactive cells dispersed in the respiratory area
might represent another type of receptor cell, e.g.,
brush cells (9, 12) or a special type of ciliated cell.
The brush cells are believed to be sensory in nature
and widely distributed in the epithelial lining of the
airway, including the respiratory region of the nasal
mucosa (16).

It is generally accepted that the taste buds consist
of four types of cells: type I, II, III and basal cells
(19). The type I cells, often called dark cells, are
regarded as supporting or sustentacular cells. The
type II cells, which are in contact with nerve termi-
nals but lack vesicular elements, are of unknown
nature. Type III cells have been identified as the
taste receptor cells because of their synaptic contact
with afferent nerve terminals. The type III cells are
characterized by small clear and large dense
vesicles, in which transmitter-like substances may
be packed. Yoshie et al. (18, 20) demonstrated that
type I cells were immunoreactive for NSE and
another brain-specific protein, spot 35 protein. The
present study demonstrated the PGP 9.5 immuno-
reactivity in restricted types of cells in the taste
buds. It is most likely that the PGP 9.5-immuno-
reactive cells are identical to type I1I celis. This idea
is supported by an ultrastructural observation of
PGP 9.5-immunoreactive cells in the taste buds of
the rat (H. Kanazawa, unpublished data).

The immunohistochemical localization of PGP
9.5 in the auditory organs is complicated. The dif-
fering immunostainability of the hair cells between
the vestibular organs and Corti’s organ can not be
explained at the present time. The lack of the
immunoreactivity for PGP 9.5 in cochlear hair cells
is in strong contrast to that for NSE and spot 35
protein, which are both obviously demonstrated in
these hair cells (1, 5).

Visual cells have been distinguished from other
sensory paraneurons with regard to the existence of
neuron-specific substances: rod and cone cells have
been shown to contain neither NSE nor spot 35
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protein, both reliable markers for paraneurons (6).
Here again, PGP 9.5 was not demonstrated in the
visual cells. The localization of PGP 9.5 in the hori-
zontal cells is comparable with our previous immu-
nohistochemical demonstration that spot 35 pro-
tein in the retina was selectively contained in these
cells (5).

In conclusion, the novel neuron-specific protein,
PGP 9.5 is shown to be shared by certain sensory
paraneurons. The selective and intense stainability
in the olfactory organ indicates the usefulness of
PGP 9.5 as a marker for olfactory receptor cells.
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