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General introduction

Main olfactory and vomeronasal systems in mammals

Most mammals use olfaction to detect chemical substances for
navigation and food source identification and to sense species-specific odors
for social communication and reproduction [1]. Mammals possess two
olfactory systems: the main olfactory system (MOS) and the vomeronasal
system (VNS). In the MOS, the olfactory mucosa perceives various odors and
projects olfactory nerves to the main olfactory bulb (MOB). The MOB
transmits signals to specific areas of the brain, including the anterior olfactory
nucleus, piriform cortex, olfactory tubercle and anterior cortical amygdala [2]
(fig. 1). The VNS -specific substances the vomeronasal organ (VNO to the
accessory olfactory bulb (AOB). The AOB conveys to the vomeronasal

amygdala in the brain [3].

Morphological analysis of the olfactory system in Korean roe deer

Olfactory  ability varies across mammal; indeed, there are
morphological differences in the mammalian olfactory systems of even rats
and mice, which have a close evolutionary relationship [4]. However, most
morphological analyses of the MOS and VNS in mammals have focused on
rodents living in an artificial laboratory environment or domesticated ungulates
such as sheep and goats [5]. The Korean roe deer is a wild ungulate that
inhabits the Korean Peninsula, particularly Mount Halla. Under natural

condition, Korean roe deer use odors for communication, including marking



territory and sending reproductive information during mating season [6].
Determining the morphological characteristics of the MOS and VNS in Korean

roe deer is important for understanding the MOS and VNS in wild ungulates.

Comparative morphology of the MOS in mammals

In mammals, the olfactory mucosa occupies the caudal roof of the
nasal cavity, it covers the ethmoturbinates completely, and the degree of
lamellar folding is related to the olfactory capacity of each species [7]. In
contrast to sheep, in which the turbinates are short and form a scroll-like
cylinder, the ethmoturbinates in dogs project more rostrally, and the surface is

covered with complex folds of lamellae [8].

The olfactory epithelium, which lines the olfactory mucosa, consists of
olfactory receptor cells, supporting cells, and basal cells. In mammals, the
populations of supporting and receptor cells vary with development. In rats
and dogs, the density of receptor cells is greater than that of supporting cells
during maturation [8, 9]. However, in sheep, adults have a reduced density of

receptor cells compared with suckling lambs [8].

Olfactory receptor cells are responsible for sensory transduction by
forming a cilia-bearing knot [10]. The pattern of cilia on the receptor cells
varies among mammals. A radial arrangement exists in dogs, horses, and
humans [8, 11, 12] whereas a parallel orientation has been noted in members

of the Bovidae family, including sheep, oxen, and goats [8, 13].

The olfactory receptor classification system in mammals



Two major types of olfactory receptors exist in the olfactory
epithelium of mammals. Most receptor cells express Golf protein; they are
called odorant receptors. They are encoded by up to 1,000 genes and are
activated by various odor molecules [18] (fig. 2A). The second type of
receptors is called trace amine-associated receptors. They are dispersed in the

olfactory epithelium and are sensitive to biogenic amines [19] (fig. 2B).

There are major two receptor classes in the VNO of mammals:
vomeronasal receptor type 1 (VIR) and vomeronasal receptor type 2 (V2R).
They are located in two layers in the VNO and project their axonal bundle to
the anterior and posterior regions of the AOB, respectively [3]. VIR cells
located in the apical half of the VSE detect volatile pheromones via the
activation of Gai2 protein (fig. 2C). V2R cells in the basal layer of the VSE
sense non-volatile pheromones via the activation of Gao protein (fig. 2D). The
VNO of mammals is classified as rodent, goat, or human type based on the
VNO receptor expression pattern. Rodents have two types of VNO receptors
[20], whereas goat-type mammals, such as sheep, horses, and cats, express
only VIR in the VNO [18]. In humans, the VNO degenerates during fetal

development, becoming a vestigial structure [21].

The roles of lectins in the mammalian olfactory system

Lectins are carbohydrate-binding proteins that protrude from glycolipids
and glycoproteins [22]. They function in various biological processes through
glycoconjugation, including cell-to-cell self-recognition, extracellular matrix
interactions, embryonic development, cell growth, cell differentiation, cell

signaling, cell adhesion, apoptosis, and inflammation [23, 24]. In the olfactory



system, odorant detection is related to the glycoconjugate composition of the
mucus and olfactory receptor membranes [25]. Furthermore, their role in
cell-cell recognition is associated with the establishment of synaptic
connections [26] (fig. 3). For these reasons, glycoconjugates detected by lectin
histochemistry are considered important discriminants of olfactory receptor

subpopulations [27].
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Figures

Odorant

Figure 1. Schematic illustration of main olfactory system in mammal. AON,
anterior olfactory nucleus; Hypo, hypothalamus; MOB, main olfactory bulb;

OE, olfactory epithelium; OT, olfactory tubercle; Pir, piriform cortex.
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Figure 2. Four types of vertebrate olfactory receptor proteins. All have a
nitrogen (N) terminal on the cell exterior and a carboxylic acid (C) terminal
extending into the cell interior. (A) odorant receptor (OR), (B) trace amine
associate receptor, (C) vomeronasal receptor 1 and (D) vomeronasal receptor
2. AC, adenylyl cyclase CNG channel, cyclic nucleotide-gated cation channel;

PLC, phospholipase C; TRP, transient receptor potential channel.
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Histological and lectin histochemical
studies on the olfactory mucosae

of the Korean roe deer, Capreolus pygargus



1. Abstract

The morphological features of the olfactory mucosae of Korean roe deer,
Capreolus pygargus, were histologically studied using the ethmoid turbinates
containing the olfactory mucosae from six roe deer (males, 2-3 years old).
The ethmoid turbinates  were embedded in paraffin, and were histochemically
evaluated to see the mucus characteristics. Lectin histochemistry was
performed to investigate the carbohydrate binding specificity on the olfactory
mucosa. Lectins including Triticum vulgaris wheat germ agglutinin (WGA),
Ulex europaeus agglutinin I (UEA-I), soybean agglutinin SBA) were one of
representative lectins for N-acetylglucosamine, fucose and
N-acetylgalactosamine groups of carbohydrates, respectively. Histologically, the
olfactory mucosa, positioned mainly in the caudal roof of the nasal cavity,
consisted of the olfactory epithelium and the lamina propria. The olfactory
epithelium consisted of protein gene product (PGP) 9.5-positive olfactory
receptor cells, galectin-3-positive supporting cells, and basal cells. Bowman’s
glands in the lamina propria were stained by both the periodic acid Schiff
reagent and alcian blue (pH 2.5). Two types of lectins including WGA and
SBA were labelled in free border, receptor cells, supporting cells and
Bowman’s glands with the exception of basal cells, while UEA-I was labelled
in free border, supporting cells and Bowman’s glands, but not in receptor
cells and basal cells, suggesting that carbohydrate terminals on olfactory
mucosa of roe deer varied depending on cell types. Collectively, this is a first
morphological study of the olfactory mucosa of the Korean roe deer, in which

carbohydrate terminals on olfactory mucosa of roe deer were first evaluated.

Keywords: lectin; olfactory epithelium; olfactory mucosa; roe deer.



2. Introduction

Olfaction in mammals plays important roles in exploration of the outer
environment for odorous signals from food sources and habitats and in
detection of chemical substances controlling social interaction and reproductive
behavior [1-3]. The olfactory mucosa is a major nasal chemosensory organ
that perceives odorous substances [4], and it is responsible for chemical signal
reception in the main olfactory system [5], sending the information to the
main olfactory bulb, its primary brain center [6]. Recent studies have shown
that the main olfactory system in ungulates is also involved in reproduction

[3] and social behavior [1].

For the chemoreception in olfactory systems, carbohydrate terminals
have been known to play important roles in the process of the perception of
odorous substance [7], in which lectin histochemistry has been wused to

discriminate carbohydrate terminals on chemosensory systems [8-10].

Over the past several decades, the morphological characteristics of the
olfactory mucosae of various animals have been studied, including those of
mice [11], rats [12], dogs [13, 14], horses [15], cattle [16, 17], pigs [18] and
sheep [13, 19]. However, little is known about the main olfactory system
tissues of wild ruminants, except deer [20]. The Korean roe deer, Capreolus
pyvgargus, an ungulate ruminant, inhabits fields and meadows, particularly on
the Halla mountain in Jeju island, Republic of Korea [21]. Little is known
about its morphological characteristics and carbohydrate terminals of main
olfactory systems, except for those of the chemosensory vomeronasal system

[22].



The aim of this study was to examine the morphological
characteristics of the chemosensory olfactory mucosae in the roe deer, and

also to discriminate the carbohydrate terminals on the olfactory mucosae.



3. Materials and Methods

Tissue preparation

Roe deer (six males and one female, 2-3 years old) samples were
obtained from the Jeju Wildlife Rescue Center. Their ages were estimated
based on the number of horn branches (spikes). The vomeronasal organs from
the same roe deer used in this study have been examined previously [22]. All
six deer were sexually mature. For light microscopic evaluation of the
olfactory mucosa, the ethmoturbinates were removed immediately after death
and fixed in 10% buffered formalin for 48 h. All experimental procedures
were conducted in accordance with the Jeju National University Guidelines for

the Care and Use of Laboratory Animals.

Histological examination

Formalin-fixed ethmoturbinates were trimmed and decalcified in a
sodium citrate—formic acid solution, with several changes of the solution, until
the bony pieces softened, as described in our previous study [23]. The
decalcified ethmoid turbinates were dehydrated in a graded ethanol series
(70%, 80%, 90%, 95% and 100%), cleared in xylene, embedded in paraffin
and sectioned at a thickness of 5 pm. After deparaffinization, the serial
sections were stained with hematoxylin-eosin (HE), periodic acid Schiff (PAS)
and alcian blue (pH 2.5). The morphological evaluation of the ethmoid
turbinates focused on male roe deer, because only one sample of female

ethmoturbinates was obtained and was histologically similar to males.



Antibodies

To confirm the presence of receptor cells and supporting cells in the
OE, immunohistochemistry was performed using a rabbit polyclonal antibody
to protein gene product 9.5 (PGP 9.5) and a rat anti-galectin-3 monoclonal
antibody, respectively. Using affinity chromatography, the rat anti-galectin-3
monoclonal antibody was purified from supernatant derived from hybridoma
cells (clone TIB-166™, M3/38.1.2.8. HL.2; American Type Culture Collection,
Manassas, VA, USA) and used at a final concentration of 1-5 pg/mL. This
antibody has been used previously to detect the supporting cells of
vomeronasal organs of some ungulates, including Korean native black goats
[24] and pigs [23]. A rabbit polyclonal antibody targeting PGP 9.5 (Biotrend,
Cologne, Germany) was used to detect receptor cells in the olfactory mucosa
as described in a previous study on rats [25]. PGP 9.5 has also been used as

a marker of receptor cells in the chemosensory vomeronasal organ of Korean

roe deer [22].

Immunohistochemistry

Sections (5 wm) of paraffin-embedded tissue were deparaffinized and
heated in a microwave (800 W) in citrate buffer (0.01 M, pH 6.0) for 3 min.
After cooling, the sections were exposed to aqueous 0.3% hydrogen peroxide
for 20 min to block endogenous peroxidase activity. Non-specific binding was
blocked using 10% normal goat serum (ABC Elite Kit; Vector Laboratories,
Burlingame, CA, USA). The sections were washed in phosphate-buffered
saline (PBS, pH 7.4) for 1 h and then reacted with rat anti-galectin-3
antibody (1:1,000) for 1 h at room temperature. After washing in PBS, the

sections were reacted for 45 min with biotinylated rabbit anti-rat IgG (1:100;



Vector Laboratories). A rabbit polyclonal antibody targeting PGP 9.5 (1:800)
was reacted with a biotinylated goat anti-rabbit IgG (1:100; Vector
Laboratories). After another wash in PBS, the sections were incubated for 45
min with the avidin-biotin peroxidase complex kit (ABC Elite Kit; Vector
Laboratories), prepared according to the manufacturer’s instructions. After
washing in PBS, the peroxidase reaction was developed for 3 min using a
diaminobenzidine substrate kit (DAB Kit; Vector Laboratories), prepared
according to the manufacturer’s instructions. The sections were counterstained
with hematoxylin for 30 s, washed in running tap water for 20 min,
dehydrated through a graded ethanol series, cleared with xylene and mounted

with Canada balsam (Sigma-Aldrich, St. Louis, MO, USA).

Lectins used in this study

WGA, Dbelonging to N-acetylgalactosamine group, labels both
N-acetylglucosamine and N-acetylneuraminic acid. UEA-I, belonging to fucose
group, recognize fucose, while SBA have been known to belong to
N-acetylgalactosamine group, binds to both galactose and
N-acetylgalactosamine. All lectins were purchased from Sigma—Aldrich (St.
Louis, MO, USA), and its reactivity on neurosensory epithelium was reported

in previous studies [22, 23, 26].

Lectin histochemistry

Lectin histochemistry was performed as described in previous studies
[22, 23, 26]. Briefly, the paraffin-embedded ethmoid turbinates were sectioned
at a thickness of 5 pum using a microtome. The sections were mounted on

glass microscope slides, the paraffin was removed and the sections were



rehydrated. Endogenous peroxidase activity was blocked using 0.3% hydrogen
peroxide in methanol for 30 min. After three washes with phosphate buffered
saline (PBS), the sections were incubated with 1% bovine serum albumin to
block non-specific reactivity. The sections were rinsed with PBS and incubated
with  either =~ WGA-peroxidase (1:100), UEA-I-peroxidase  (1:200) or
SBA-peroxidase (1:100) for 3 h at room temperature. Signals were developed
using a diaminobenzidine substrate kit (DAB Kit; Vector Laboratories). The
sections were counterstained with hematoxylin before mounting. For negative

controls, a primary reagent was omitted during the staining procedure.



4. Results

Gross anatomy of the nasal cavity

The nasal cavity, the first air passage cavity surrounded by bones,
extended from the nostril to the nasopharynx. In the rostral two third of the
nasal cavity, the air passage was divided by the nasoturbinate and
maxilloturbinate, while the vomeronasal organ was located below the nasal
septum (Fig. 1.). The ethmoturbinates were positioned at caudal one third of
nasal cavity and had more complex lamella folding (Fig. 1, marked as I-VI)
and branching pattern than nasoturbinate (Fig. 1, NT) and maxilloturbinate

(Fig. 1, MT).

Histological features of the olfactory mucosa

Histologically, it was found that the olfactory mucosa was covered by
all of ethmoturbinates and the caudal portion of nasoturbinate and
maxilloturbinate.  Briefly, the olfactory mucosa was shown to consist of the
olfactory epithelium (Fig. 2A, OE) and the underlying lamina propria (Fig.
2A, LP). The olfactory epithelium consisted of the olfactory supporting cells
(Fig. 2B, arrows), receptor cells (Fig. 2B, arrowheads) labeled with PGP9.5
by immunohistochemistry, and basal cells (Fig. 2B, hollow arrowheads). The
free border of the olfactory epithelium was adjacent to the nasal cavity (Fig.
2B, asterisk). Precisely, at the apical region of the olfactory epithelium, the
nuclei of the olfactory supporting cells were oval shaped (Fig. 2B, arrows),

while the olfactory receptor cells had globular nuclei and were positioned



between the olfactory supporting and basal cells (Fig. 2B, arrowheads). Below
the olfactory receptor cells, the globose basal cells (Fig. 2B, hollow arrows)
and horizontal basal cells (Fig. 2B, hollow arrowheads) are lined with the
basal lamina. The shape of the horizontal basal cells was irregular, and these
cells were arranged in one row just above the basal lamina (Fig. 2B, hollow

arrowheads).

The lamina propria contained the Bowman’s glands (Fig. 2A, arrows)
and olfactory nerve bundles (Fig. 2A, arrowheads). Bowman’s glands were
mainly located in the upper half of the lamina propria. The secretory acinar
cells of Bowman’s glands were pyramidal in shape (Fig. 2A, inset, arrows).
The secretary ducts consisting of simple cuboidal ductal epithelium (Fig. 2A,
hollow arrows) were interposed vertically in the olfactory epithelium to the
luminal surface. The secretory materials in the ducts (Fig. 2C and 2D,
arrowhead) and acinar cells in the Bowman’s glands (Fig. 2C and 2D, arrow)
were both positive for PAS (Fig. 2C) and alcian blue staining (pH 2.5) (Fig.

2D), respectively.

Immunohistochemical analysis of the olfactory epithelium and the lamina
propria

Olfactory supporting cells, with galectin-3 immunoreactivity, were
mainly observed in apical one third of the olfactory epithelium (Fig. 3A-C).
Galectin-3 immunoreactivity was recognized at intra-nuclei (Fig. 3B, arrow)
and non-nuclear zone of the apical portion of supporting cells (Fig. 3A,
arrows), nerve bundles in the lamina propria (Fig. 3A, hollow arrows). In

addition, thin processes of galectin-3-positive cells extend to the basal lamina
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(Fig. 3A and 3B, arrowheads) and the free border. In the underlying lamina
propria, galectin-3 was immunostained in the Schwann cells in the olfactory
nerve bundles (Fig. 3C, hallow arrows) and some ductal epithelium. In
contrast, no galectin-3 reactivity was observed in the olfactory receptor or
basal cells.

Olfactory receptor cells, with expression of PGP 9.5, was found in the
middle part of the olfactory epithelium (Fig. 3D, arrows), while PGP9.5 was
not immunostained in both supporting cells and basal cells. PGP 9.5-positive
cells showed extension of some dendrites to the free border (Fig. 3E, arrow).
The axons of PGP 9.5-positive cells were bundled below the basal lamina
(Fig. 3D, arrowheads), forming axonal bundles in the lower region of the

lamina propria (Fig. 3D and 3F, hollow arrows).

Lectin histochemistry of the olfactory epithelium and the lamina propria

WGA reactivity was detected in the free border and all phenotype of
the olfactory mucosa including olfactory epithelial cells (Fig. 4A). WGA was
stained at the non-nuclear zone and nuclear surface of the olfactory supporting
cells (Fig. 4B, arrows). Also, the dendrites and cell body of the olfactory
receptor cells show WGA reactivity (Fig. 4B, arrowheads). The olfactory basal
cells were positive for WGA at cell surface (Fig. 4B, hollow arrow). In the
lamina propria, WGA was labeled in the acini of the Bowman’s glands (Fig.
4C, hollow arrowhead) and olfactory nerve bundle (Fig. 4C, asterisk).

UEA-I staining was intense on the free border along the luminal
surface of the olfactory epithelium (Fig. 4D).The olfactory supporting cells
showed UEA-I reactivity at the non-nuclear zone (Fig. 4E, arrows). In

addition, UEA-I was labeled at the cell surface of the olfactory receptor cells
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(Fig. 4E, arrowheads). But no reactivity for UEA-I was seen in the olfactory
basal cells (Fig. 4E, hollow arrow). Below the basal lamina, some acinar cells
of the Bowman’s glands showed UEA-I reactivity (Fig. 4F, hollow
arrowhead). The olfactory nerve bundles were not stained by UEA-I (Fig. 4F,
asterisk).

SBA labeling was intensely recognized at the free border (Fig. 4G).
SBA was faintly detected on the cell membrane of some olfactory receptor
cells (Fig. 4H, arrowheads) while SBA reaction was neither detected in
olfactory supporting cells (Fig. 4H, arrow) nor olfactory basal cells (Fig. 4H,
hollow arrow). In contrast to the weak reaction of SBA on the olfactory
epithelium, SBA was intensely reacted in all of acini of the Bowman’s glands
(Fig. 41, hollow arrowhead), but not in the olfactory nerve bundles (Fig. 4I,
asterisk).

The lectin reactivities in the olfactory mucosa described above was
summarized in Table 1, in which its reactivity was largely similar to those in

the vomeronasal organ in the same roe deer [22].
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5. Discussion

This is the first descriptive morphological study of the olfactory
mucosa of Korean roe deer, the morphological characteristics of which are
similar to those of other ruminants, including deer [20], sheep [19] and cattle
[16, 17]. The olfactory mucosa and the vomeronasal organ have been found
to be morphologically independent [27], and their functional roles differ based
on the odorous substance [28]. In particular, the vomeronasal organ is closely
involved in sexual behavior through the detection of pheromones [28], but
recent studies show that the olfactory mucosa is also related to pheromone
perception [3]. In this study, we found that there were similarities between the
two chemosensory organs with regard to lectin binding patterns in the receptor
cells. If lectin binding is involved in pheromone perception, as discussed in a
review article [3], it is possible that some odorous substances could be
detected by both the olfactory mucosa and the vomeronasal organ, because
certain lectins are present in both the vomeronasal [22] and olfactory receptor
cells in roe deer in the present study.

Galectin-3, a beta-galactoside binding animal lectin, has been used as
a marker of supporting cells in the vomeronasal sensory epithelium in humans
[29], pigs (Park et al. 2012a, 2012b), roe deer [22] and goats [24]. Galectin-3
has been immunostained in olfactory supporting cells, but not in olfactory
receptor cells in this study, even though the present finding differs from the
human case that galectin-3 was immunostained in the olfactory receptor cells
reported in the human olfactory epithelium [29]. Thus we postulated that
galectin-3 immunostaining is exclusively found in the supporting cells, but not

in receptor cells, in the both olfactory and vomeronsal epithelia in animals
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with an exception of galectin-3 immunostaining in human olfactory receptor
cells [29].

As for the lectin binding pattern in the present study, we postulated
that three different kinds of carbohydrates teriminals exist in the olfactory
mucosa, which were N-acetylglucosamine, fucose and N-acetylgalactosamine
groups identified by WGA, UEA-I and SBA, respectively. The present
findings that WGA, UEA-I and SBA are labeled on receptor cells with
varying intensity suggest that some carbohydrate terminals including
N-acetylglucosamine, fucose and N-acetylgalactosamine groups plays an
important role in odor processing in roe deer.

As for the source of carbohydrates on the free border of olfactory
mucosae, we postulate that carbohydrate terminals are mainly originated from
Bowman’g glands because all lectins were positive for acini of Bowman’s
glands. We do not exclude a possibility that some are originated from
supporting cells and/or receptor cells because WGA, UEA-I and SBA labels
receptor cells as well.

Odorous signals has been known to be captured by lectins in which
each lectin recognizes different odorous signals [7]. The present study showed
that the odorous signal perception and transduction is achieved by all lectins
including WGA, UEA-I and SBA in this study as far as olfaction is involved
in Korean roe deer even though the capacity of odor capture varied on the

type of each lectin.

As for the role of lectins in receptor cells, internalization of WGA
-horseradish peroxidase by some olfactory receptor cells has been resulted in
their death by apoptosis and a subsequent deafferentation of the olfactory bulb

[30]. In other reports, alpha-extended lactoseries carbohydrates, present on
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novel glycoforms of the neural cell adhesion molecule, has been found in rat
olfactory receptor cells, in which they play a role in the axonal sorting
toward their targeting [31]. Thus it is postulated that each lectin depending on
binding conditions plays a diverse role including axonal sorting and apoptosis

in addition to odor perception.

In the supporting cells of olfactory epithelium, three types of lectins
including WGA, UEA-I and SBA were identified in Korean roe deer, even
though minor differences exit in sheep because WGA, but not SBA and
UEA-I, was present in the olfactory supporting cells of sheep [19]. In
addition to the labeling of WGA, UEA-I and SBA in olfactory epithelium, we
have consistently found that galectin-3, a beta—galactoside binding protein, was
localized in supporting cells of chemoreceptor vomeronasal organ in pigs [23]
and other ungulates including goats [24] and Korean roe deer [22]. Because
galectin-3 plays a role in cell proliferation and cell adhesion [32] and axon
sorting [31], we postulated that galectin-3 and other carbohydrate terminals
synergistically promote the survival of supporting cells, leading to regeneration
of olfactory epithelia [33] as well as to axonal sorting in nerve fiber layers
[31].

Even though both receptor cells and supporting cells in olfactory
mucosa contains carbohydrate terminals recognized by lectins, unexpected is
that lectins including WGA, UEA-I and SBA in the present study were not
labeled on basal cells, a possible source of stem cells in olfactory epithelia
[34, 35]. The link between lectin reactivity and stem cell character remains to

be further studied.
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Collectively, we postulated that this is a first descriptive study of the
olfactory mucosa in Korean roe deer, and that carbohydrate terminals on

olfactory mucosa were evaluated by lectin histochemistry.
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7. Figures

Figure 1. Gross anatomy of the rostral part of the head of the adult Korean
roe deer (Capreolus pygargus) on the right lateral side. The ethmoturbinates
(I -VI), located in the caudal portion of the nasal cavity, are covered by the
olfactory mucosa. CP, cribriform plate; HP, hard plate; MT, maxilloturbinate;
NP, nasopharynx; NT, nasoturbinate; OB, olfactory bulb; VNO, vomeronasal

organ. Scale bar represents lcm.
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Figure 2. Histological characteristics of the olfactory mucosa of Korean roe

deer.

(A) Coronal section of the olfactory mucosa stained with HE. The
olfactory mucosa comprises the olfactory epithelium (OE) and the
lamina propria (LP). In the lamina propria, pyramidal shaped acinar
cells (arrows) of the Bowman’s glands, the ducts of the Bowman’s
glands intervening in the olfactory epithelium (hollow arrows) and the
olfactory nerve bundles (arrowheads). Inset: higher magnification of
acini of Bowman’s glands.

(B) Higher magnification of the olfactory epithelium. The asterisk indicate
the free border. The olfactory supporting cells have oval shaped nuclei
(arrows). Below the olfactory supporting cells, the olfactory receptor
cells were arranged (arrowheads). The globose basal cells (hollow
arrows) and the horizontal basal cells (hollow arrowheads) were

positioned above the basal lamina.
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(C) Periodic acid-Schiff reaction in the olfactory mucosa. PAS reactivity
was seen in the secretory materials in the ducts (arrowhead) and acini
(arrow) of Bowman’s glands.

(D)Alcian blue (pH 2.5) staining in the olfactory mucosa. Alcian blue
reaction was seen in the secretory materials (arrowhead) and the acinar

cells (arrow) of Bowman’s glands.

Scale bars in (A) — (D) represent 25 um. Scale bar in inset in (A) present

10um.
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Figure 3. Immunohistochemical staining of galectin-3 and PGP 9.5 in the

olfactory mucosa.

(A) In the olfactory epithelium, galectin-3 is immunostained in the
olfactory supporting cells (arrows). Galectin-3 positive cells extend thin
processes (arrowhead) to the basal lamina and free border. In the
lamina propria, Schwann cells are positive for galectin-3 staining

(hollow arrows).
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(B) Higher magnification of olfactory epithelium. The olfactory supporting
cells show galectin-3 reactivity at the non-nuclear zone (arrow) and
thin process (arrowhead).

(C) Higher magnification of nerve bundle. Schwann cells in the olfactory
nerve bundles are stained by galectin-3 (hollow arrows).

(D) PGP 9.5 was detected in lower two-thirds of the olfactory epithelium
(arrows). The PGP 9.5-positive axons (arrowheads) were found in
lamina propria adjacent to the basal lamina (arrowheads).

(E) Higher magnification of olfactory epithelium immunostained with
PGP9.5. The dendrites of the olfactory receptor cells (arrow) are seen
on the apical side of the nuclei of the olfactory receptor cells.

(F) Higher magnification of nerve bundle in the lamina propria
immunostained with PGP9.5. All of the nerve bundles were intensely
immunostained with PGP 9.5 (hollow arrow) in the lamina propria.

(G) Negative control.

Scale bars in (A), (B) and (G) represent 25 um. Scale bars in (B), (C), (E)

and (F) represent 10um.
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Figure 4. Lectin histochemistry of WGA (A-C), UEA-I (D-F) and SBA (G-I)
in the olfactory mucosa of Korean roe deer. (J) is negative control. A-I:
Arrow, the olfactory supporting cell; arrowhead, the olfactory receptor cell;
asterisk, the olfactory nerve bundle; hollow arrow, the olfactory basal cell;
hollow arrowheads, the acinus of the Bowman’s gland. Counterstaining with
hematoxylin. Scale bars in (A), (D) and (G) represent 25 um. Scale bars in
(B), (C), (E), (F), (H) and (I) represent 10pm.
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8. Table

Table 1. A comparison of lectin binding patterns in the olfactory mucosa with

those in the vomeronasal organ of the same Korean roe deer [22]

Lectin WGA® UEA-I” SBA®
Structure OM VNO' OM VNO' OM  VNO'
Free border + + + - + +
Supporting cell + - + + - -
Receptor cell + + + - + +
Basal cell + - - - - -
Nerve bundle + + - - - +
Glands + - + - + )

Abbreviations: OM, olfactory mucosa; VNO, vomeronasal organ; WGA,
Triticum vulgaris wheat germ agglutinin; UEA-I, Ulex europaeus agglutinin I;

SBA, soybean agglutinin.

““ WGA®, UEA-I"andSBA‘arelectinsbelongingtoN-acetylglucosamine, fucose and

N-acetylgalactosamine groups, respectively.

¢ The lectin reactivity of the VNO was cited from Figure 2 and Table 2 of

a previous report [22].

-, negative; +, positive; ND, not determined
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