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Abstract

Background—Requests from researchers for olfactory mucosal biopsies are increasing as a
result of advances in the fields of neuroscience and stem cell biology. Published studies report
variable rates of success in obtaining true olfactory tissue, often below 50%. In cases where
biopsies are not obtained carefully and confirmed through histological techniques, erroneous
conclusions are made. Attention to the epithelium alone without submucosal analysis may add to
the confusion. A consistent biopsy technique can help rhinologists obtain higher yields of
olfactory mucosa. Confirmatory tissue staining analysis assures olfactory mucosa has been
obtained thereby strengthening clinical correlations and scientific conclusions.

Methods—Biopsies of the septum within the anterior olfactory cleft were obtained under
endoscopic guidance in an office procedure room using topical local anesthetic (lidocaine). After
mucosal incision, a small, cupped, biopsy forceps was used to obtain specimens approximately 2-3
mm in size. Specimens were sectioned and analyzed with immunohistochemistry for presence of
olfactory epithelium and/or olfactory fascicles.

Results—A total of 14 subjects were biopsied in this analysis. Four subjects had biopsies in
the operating room (OR). The remaining ten underwent biopsies in the clinic. All biopsies
obtained in the OR revealed evidence of olfactory mucosa. A total of eight out of ten (80%) clinic
biopsies revealed evidence of olfactory mucosa. No complications were encountered.

Conclusion—High yields of olfactory mucosa can be obtained safely in an office-based
setting. Technique, including attention to the area of biopsy, and confirmatory analysis are
important in assuring presence of olfactory tissue.
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Background

The olfactory epithelium (OE), including the olfactory receptor neurons (ORNSs) that
maintain first-order synapses with the olfactory bulb, is unique in its ability to regenerate
throughout life.1 The basal cells of the epithelium have a major role in this capacity and
respond with up-regulation of cell division after injury to the system.23 The olfactory
mucosa of humans has been shown to be very similar to other mammals such as rodents in
regards to cellular consistency and immunohistochemical staining characteristics.* The
regenerative capacity of the OE also appears to be maintained in humans based on biopsy
culture results® and the continued presence of both mature and immature OSNs regardless of
age with expression of cell division markers in the basal cells.*

In humans, as opposed to rodents, it appears that the regenerative process in response to
insult may be less successful in terms of function. Common causes for loss of olfaction have
been consistently identified among smell and taste centers and include those related to head
injury, upper respiratory tract infections, chronic rhinosinusitis, and age while a large
proportion have no identifiable cause (idiopathic).5.” However, we have a poor
understanding of the pathophysiology underlying these most common causes. As the basic
mechanisms of olfactory physiology and regenerative processes are discovered in mouse
models, comparisons with biopsies of human olfactory mucosa will remain critical in
identifying causality.

In addition, the basal cells of the OE--with their characteristic features that satisfy the
criteria of bone fide stem cells and their accessibility for biopsy--are of interest to researches
in the fields of neurodegenerative disorders and neural regeneration. There has been a surge
of interest in culturing these basal stem cells for potential use in repair of various forms of
central nervous system disorders.8 In addition, the olfactory ensheathing cells enveloping the
olfactory axons and bundled together as fila olfactoria in the lamina propria, are thought to
have special properties to allow for enhanced axonal guidance and regeneration after injury
to motor neurons of the spinal cord and facial nerve.%-11

Obtaining biopsies of human olfactory mucosa is not new2-16 but the technique is often
poorly described. Frequently, published results from research labs provide conclusions
depending on biopsies from “olfactory areas” reported by a surgeon's general anatomic
description. In certain cases the biopsies are cultured without histological confirmation that
the tissue is indeed olfactory with conclusions made entirely on stained cells that have been
grown and passaged in various culture conditions.1’ For purposes of OE analysis for
olfactory disorders, the pervasive presence of respiratory epithelium in a biopsy could be a
result of sample selection error and result in erroneous conclusions of respiratory metaplasia
within an olfactory region.13 For these reasons, consistency in the biopsy technique as well
as care in sample evaluation is crucial for advancing the field.

We describe an endoscopic biopsy technique for consistently obtaining human olfactory
mucosa in awake, non-sedated subjects in a clinic setting using widely available
otolaryngology instruments. We also argue for the importance of confirming olfactory origin
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of the mucosa using described methods that can be used regardless of epithelial presence or
respiratory status.

Methods

Subjects

Research subjects were recruited from patients visiting the Sinus Center at Massachusetts
Eye and Ear Infirmary (MEEI) for reasons of smell disorders. Subjects with an identifiable
cause of smell loss either related to upper respiratory infection (URI) or head trauma were
enrolled. Olfactory function was assessed using a 40-item, scratch-and-sniff, forced-choice,
smell-identification test (SIT, Sensonics, Inc., Haddon Heights, NJ). A group of subjects
undergoing septoplasty (one subject with URI-related anosmia) were also chosen for
operating room (OR) based biopsies as a comparison. All subjects provided informed
consent for participation in this study that was approved by the Human Subjects Committee
at MEEI.

OR-based Olfactory Biopsies

Biopsies performed in the OR were obtained under general anesthesia after the septoplasty
procedure using injections of 1% lidocaine with 1:100,000 parts epinephrine. Three
specimens were obtained from one side only to reduce the risk of smell loss. Specimens
were obtained from the superior septum within the olfactory cleft and adjacent to the middle
turbinate using a sickle knife and pediatric blakesley forceps or cupped forceps. The area
considered high-yield for OE (Figure 1) was defined using averaged areas calculated from
immunostaining for neurons over multiple whole-mount specimens (data not shown).18

Clinic-based Olfactory Biopsies

Biopsies performed in the clinic were obtained from subjects without the use of sedation in
an upright sitting position. The nasal cavity was sprayed with a mixture of lidocaine (2%)
and oxymetazoline (0.025%), and after several minutes rigid endoscopy was performed
using a 2.7 mm, zero-degree endoscope (Hopkins I, Karl Storz) to identify the side with the
greatest olfactory cleft space. In initial biopsies, a small cotton wisp soaked in the lidocaine/
oxymetazoline mixture was inserted into the olfactory cleft for further anesthesia (subjects
HB5 and HB6); however, concerns with exfoliation of the epithelium with this technique
resulted a change in procedure. For the remaining biopsies, further anesthetic was applied by
placing the subject supine and hanging the head backwards off the edge of the chair with the
vertex of the head parallel to the floor (Figure 2). A flexible angiocath was then used to
direct 0.5-1.0 cc of anesthetic solution into the superior nasal cavity and olfactory cleft. The
subjects remained in this position for two to three minutes and then returned to the upright
sitting position. A sickle knife was then used to create a 5-7 mm long, posterior-to-anterior,
diagonal incision along the septum approximately 5 to 8 mm below the cribriform plate and
greater than 5 mm posterior to the anterior attachment of the middle turbinate (video). Given
the variability of OE anterior extent and regression of OE area with age, attempts at
accessing the more posterior regions while still allowing for insertion of the forceps with
minimal discomfort to the subject were made. The sickle knife was then used to carefully
elevate a superior flap of mucosa away from the bone. A 3 mm cupped biopsy forceps or
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pediatric blakesley forceps was used to pinch off a portion of the superiorly raised flap. The
cupped biopsy forceps became the preferred instrument due to its small size and ability to fit
within the olfactory cleft. Two biopsies were routinely obtained from each subject. Minimal
bleeding was encountered and controlled with a lidocaine/oxymetazoline soaked cotton
wisp.

Tissue Processing

Biopsy specimens were placed immediately in standard 10% neutral buffered formalin
solution and placed on ice for transport. The tissue was then rinsed in phosphate buffered
saline (PBS) after two hours and then submerged in 30% sucrose overnight. Orientation has
been found to be critical in the histological assessment of biopsy specimens. To help identify
the epithelial surface of the specimens during processing, the area designated for biopsy on
the septum was initially inked with a standard surgical marking pen early in the study
(subjects HB3, HB4, HB5). This practice was then rejected for fear of causing epithelial loss
or decrease in cellular viability. Instead, a dissecting microscope was used to identify the
epithelial and lamina propria surfaces. The biopsy was then placed in OCT mounting
medium (Miles Inc., Elkhart, IN) taking care to orient the biopsy in the cassette for
sectioning in the proper cross-sectional plane through the epithelium. The tissue was snap
frozen in liquid nitrogen, cryosectioned at 10 um (Leica CM3050S, Bannockburn, IL), and
mounted on Plus slides (Fisher Scientific, Pittsburg, PA) and stored at —20°C for future use.

Immunohistochemistry

Slides were immersed in PBS for removal of OCT for 5 minutes and then placed in 3%
hydrogen peroxide for 10 minutes to quench inherent peroxidase activity. Sections were then
puddled with 0.01 M citric acid buffer (pH 6.0) and placed in a commercial food steamer
containing water in its reservoir for 10 minutes for antigen retrieval. Slides were rinsed in
PBS and then incubated in blocking solution (10% donkey serum + 5% nonfat dry milk

+ 4% bovine serum albumin [BSA] + 0.1% Triton X-100 in PBS) for ten minutes.
Incubation with primary antibodies occurred overnight at 4°C in a humid chamber. The
dilutions and antigen specificity for each primary antibody are listed in Table 1. Bound
primary antibodies were visualized by incubating with Alexa 488 or Alexa 594-conjugated
secondary antibody (Invitrogen, Carlshbad, CA) or through a biotinylated secondary antibody
(Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) and Alexa 488 or Alexa
594-conjugated strep-avidin system (Invitrogen, Carlsbad, CA) incubating for one hour each
at room temperature. Immunofluorescent stained sections were additionally labeled for
nuclei with 4’,6-diamidino-2-phenylindole (DAPI) and coverslipped with glycerol/r-propyl
gallate (NPG) mounting medium.

Photography

Sections were imaged with a Spot RT color digital camera (Spot, Sterling Heights, MI)
attached to a Nikon 800 E microscope (Nikon Instruments Inc., Melville, NY). Image
preparation, assembly, and analysis were performed in Photoshop CS6 (Adobe Systems, San
Jose, CA). In all cases, only balance, contrast, brightness, and evenness of illumination were
altered.
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Subject profiles

A total of 14 subjects (7 females) had biopsies of the septal olfactory epithelium (Table 2).
The average age was 53.4 (range 22-68). Seven subjects (4 female) had smell loss related to
upper respiratory infection (URI), three subjects (1 female) had smell loss related to head
trauma, two subjects had no subjective loss and tested normal, and two subjects had no
subjective loss and tested hyposmic. Of the seven URI related smell loss subjects, six were
anosmic and one was hyposmic on testing. All traumatic smell loss subjects were anosmic.
Four of the subjects were biopsied in the OR (3 subjective normal and 1 URI-related
anosmia). No complications relating to bleeding, infection, CSF leak, or changes in smell
function were experienced with any subject as noted previously.1%:20 Any reports of
discomfort were related to pressure during access to the olfactory cleft region, and all
subjects entering the protocol tolerated the procedure without requests to abort.

Immunohistochemistry of the epithelium

In most cases (13/14 subjects) an epithelium was observed in the biopsy specimen. To
confirm biopsies as true OE, an immunohistochemical staining analysis using four different
antibodies provided information on the presence of olfactory neurons, the relative overall
maturity of the neurons, and the presence of respiratory epithelium. We used antibodies
against olfactory marker protein (OMP) to identify mature olfactory sensory neurons
(OSN's); and to identify all OSN's of both mature and immature age, we used antibodies
against the protein gene product 9.5 (PGP) or antibodies against beta-tubulin I11 (Tujl).
Respiratory cells were labeled at the ciliated surface with antibodies against beta-tubulin 1V
(beta4).* As shown in Figure 3A stained adjacent sections of a biopsy from a control subject
(HB4) reveal the typical multi-cell layered epithelium comprised of many PGP(+)/Tuj1(+)
neurons and absent betad(+) respiratory cells. Many of the OSN's are mature with OMP(+)
staining in the more apically positioned neurons as expected.

In contrast, biopsies from subjects with olfactory loss often revealed deviation from the
normal pattern of staining. Stained sections from a subject with URI-related anosmia
(HB10) demonstrates a more disorganized presence of PGP(+)/Tuj1(+) neurons within the
epithelium and less distinct apically positioned mature OMP(+) cells (Figure 3B). In
addition, there is evidence of respiratory cell metaplasia with patches of beta4(+) apical
staining and intraepithelial neuromas which in this case appears to be comprised of mature
and immature axons by double-labeling.

The epithelium from a subject with trauma-related anosmia (HB12) has a more ordered
appearance to the OE similar to the control subject, but the OSN's are largely immature with
infrequent OMP(+) mature cells (Figure 3C). In this case, respiratory epithelium is absent;
but another intraepithelial neuroma is present, although comprised mostly of Tuj1(+)/
OMP(-) immature axons.
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Immunohistochemistry of the submucosa

Loss of the epithelial layer may occur while obtaining the biopsy or during tissue
processing. In addition, respiratory cell replacement is common during normal aging and
increases in various pathologic states.1®21-23 Bjopsies may also be mistakenly obtained
outside the region of OE. For this reason, an analysis of the epithelium alone may not be
sufficient to determine the biopsy as olfactory in origin. In cases where OE was not
identified in the biopsy, immunohistochemical characterization of the axon bundles within
the submucosa was performed. Similar antibodies used in the epithelial analysis (Tuj1,
OMP) identified axon bundles in a control biopsy (HB4) with presence of mature Tuj1(+)/
OMP(+) OSN axons (Figure 4A). In cases where the epithelium is missing or has been
identified as respiratory, nerve fascicle-type structures can be found on routine hematoxylin
and eosin (H&E) staining with elongated nuclei of the olfactory ensheathing cells (OEC's)
and connective tissue elements. These fascicles can be further identified as olfactory
fascicles, empty olfactory fascicles, or non-olfactory fascicles when stained with specific
antibodies (Figure 4B). Antibodies against S100 (S100) label OEC's surrounding olfactory
axons within the fila olfactoria.24-26 When OSN axons are present, double labeling of
fascicles with Tuj1 and S100 is seen (figure 4B1). However, fascicles empty of OSN axons
remain S100(+) but are absent of Tuj1(+) staining (Figure 4B4, 4B>). The S100 staining in
these fascicles appear more dispersed with distinct rounded ensheathing cell bodies with
their associated DAPI(+) nucleus as apposed to the more evenly stained axon-full fascicles
(comparison in Figure 4B1). Antibodies against p75 neurotrophin receptor (p75) label
perineural fibroblasts.2® Staining with p75 surrounds both intact and empty olfactory
fascicles (Figure 4By, 4B5), which help to confirm S100(+)/Tuj1(-) structures as empty
nerve fascicles as apposed to other submucosal structures (i.e. glands).

In our analysis of the submucosa, small S100(+)/Tuj1(+) bundles were frequently identified.
With absence of OMP(+) labeling, these small fascicles could be small immature olfactory
fascicles or trigeminal nerve branches. We used antibodies to human neurofilament proteins
(hNF) known to label trigeminal nerve fibers.2” Adjacent sections stained with hNF
antibodies labeled these small Tuj1(+) fascicles and supports their identification as
trigeminal (Figure 4B).

Office-based biopsy efficiency

Immunohistochemical staining was performed on all the biopsies to identify them as
olfactory. Of our ten biopsies performed in the clinic, nine contained epithelium for
immunohistochemical analysis (Table 2). Of these nine samples, five contained either a mix
of OE and respiratory epithelium or OE alone. When only respiratory epithelium was
encountered (4 out of 10) or in the absence of epithelium, further staining of the submucosa
was performed. Evidence for empty olfactory fascicles was present in three samples (3 out
of 5). Interestingly, the one normal subject biopsied in the clinic (HB6) had no epithelium
present and only trigeminal nerve branches. When taken together, an evaluation of both the
epithelium and submucosa in our population of office-based biopsies revealed successful
sampling from olfactory regions in 80% of the subjects.
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Discussion

Olfactory mucosal biopsies have been reported in the literature with variable rate of success,
often less than 50%.5:28:29 |ntraoperative sampling of olfactory tissue would be expected to
result in higher success given the ability to access more confined regions and the creation of
working space during planned surgical procedures under general anesthesia. However,
requests for olfactory biopsies on subjects without planned nasal surgery are becoming more
frequent either for the study of olfactory loss, for diseases with related olfactory pathology,
or for harvesting OE stem cells in normal subjects. In these cases, a technique is needed with
high-yield and relatively low discomfort.

We present a technique of olfactory mucosal biopsies that can be performed under
endoscopic visualization using routine clinic instruments in an office-based setting with a
success rate of 80%. Our samples were obtained from anterior septal mucosa in a region
known to contain olfactory neurons based on prior autopsy analysis. In this manner, we
avoided problems with patient discomfort and restrictions in instrumentation typically
encountered with attempts at accessing more posterior regions, such as the superior
turbinate. Although procedure discomfort was not a major focus of this study and specific
measurements of pain were not included, we found the technique to be well tolerated by the
subjects. Our technique also minimizes introduction of anesthetic materials including
injections and cotton pledgets that may disrupt the histology and viability of the cells. We
did not receive reports of olfactory loss from subjects after biopsies were performed, and
further investigations on this potential complication would be beneficial. However,
previously published papers with human OE biopsies were also without complications of
smell loss.

Our analysis of the success rate in obtaining olfactory mucosal biopsies takes into account
both the epithelium as well as the submucosa. The presence of Tuj1(+)/PGP(+) neurons
within the epithelium either mature OMP(+) or immature OMP(=) confirms the mucosa as
olfactory. However, replacement of OE with respiratory epithelium is known to occur in
humans and appears to increase with age.21:23 In addition, conditions resulting in smell loss
such as URI-related anosmia may result in increased respiratory metaplasia.1330:31
Therefore, finding only respiratory epithelium in a biopsy specimen does not preclude it
from being olfactory in nature. Conversely, one cannot assume a biopsy containing only
respiratory epithelium obtained from an area thought to be olfactory reflects respiratory
metaplasia when in reality a sampling error has occurred. This is not trivial given previously
published reports of neurospheres cultured from olfactory epithelium when the source tissue
was never confirmed as olfactory prior to cell dissociation.1” This possibility becomes more
problematic as reports of nasal cell cultures from areas far outside those known to be
olfactory result in neurosphere formation, perhaps due to the presence of neural crest-
derived cells.32 Furthermore, the act of the biopsy or tissue processing can result in the loss
of epithelium for analysis. For these reasons, a deeper analysis of the submucosa is needed
for establishing olfactory origin of biopsies.

Immunohistochemistry using antibodies important for epithelial analysis can help identify
the presence of olfactory nerve fascicles below the surface. Positive OMP staining of
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fascicles confirms the presence of fila olfactoria and the epithelial surface as olfactory in
origin. In humans, the olfactory axon bundles travel directly to the cribriform plate and do
not span across regions known to be originally respiratory in nature. This is supported by our
observations and others of whole complete sheets of OE in fetal tissue without intervening
respiratory zones.2133 Therefore, positive identification of OMP(+) axons within nerve
fascicles would occur only deep to epithelium that was originally olfactory.

Further characterization of the underlying fascicles is helpful when OMP staining is absent
(Table 3) and has proven useful for other investigators interested in harvesting OEC's.34
Neuronal staining with antibodies Tuj1 and PGP in the absence of OMP denotes the
presence of axons that may reflect dominance of immature OSN's. Additional positive
staining of these fascicles with hNF identifies them as trigeminal in nature. In our
experience, the hNF(+) bundles are much smaller than the fila olfactoria. Empty olfactory
nerve fascicles, absent of axons and with collagen infiltration, have been previously reported
and associated with olfactory disorders.3 In these cases, staining with neuronal markers
including OMP, Tuj1, and PGP is lacking. Immunostaining with antibodies to S100 can
identify the OEC's remaining within the axon-deficient fascicles. S100 is not specific to just
OEC's and the additional staining with antibodies against p75 neurotrophic receptor will
identify perineuronal fibroblasts surrounding the S100 labeled empty fascicles. Identification
of these fascicles not only helps to confirm the olfactory nature of the biopsy but also lends
additional description to the overall status of the OE.13

Confirming mucosal biopsy samples as olfactory is important in making statements
regarding origin of cells grown in culture. Although we believe adjacent biopsies reduce
sampling error in obtaining true olfactory mucosa, it is possible that they may be taken from
two different regions—olfactory or respiratory. However, if one sample demonstrates
olfactory mucosa regardless of the overlying epithelium displaying respiratory or olfactory
cells, the second adjacent sample will have a high likelihood of originating from the same.
To increase confirmation of samples as either olfactory or respiratory, biopsy samples should
be divided in two pieces with one portion dedicated to immunohistochemical confirmation.

We recognize the low numbers of office-based biopsies used in this report, however our
technique has been successfully used previously for obtaining OE samples.3® The overall
purpose of this manuscript is twofold. First, it provides rhinologists with a reproducible
technique for obtaining olfactory mucosa biopsies in an office setting under local anesthesia
with minimal patient discomfort and with simple office instruments. Our limitations relate to
the space restrictions of the olfactory cleft, and we recognize better results could be obtained
with specially designed thinner cutting instruments. We recognize the value of preserving as
much of the mucosa as possible--especially the epithelial surface. Therefore, our technique
evolved to avoid any insertion of anesthetic soaked cotton wisps or pledgets for concern of
possible epithelial exfoliation. This certainly reduced our ability to reach more posterior
anatomy which has been successfully biopsied by others.3* Secondly, this manuscript
stresses the importance of analyzing the tissue below the epithelium with focus on the nerve
fascicles contained within this compartment, and we provide an immunohistochemical
staining protocol helpful for characterizing these structures.
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Olfactory biopsies can be reproducibly obtained with high yields in an office-based setting
using common clinic instruments with low patient discomfort under local anesthetic. It is the
responsibility of both the surgeon and the research team to ensure the biopsy material being
studied is in fact olfactory in nature before conclusions are made. This can be done with a
high level of certainty using routine immunohistochemistry and a small battery of specific
antibodies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cartoon representation of a sagittal section through the human nasal cavity showing the

high-yield area of olfactory epithelium (OE). The peppered pattern demonstrates the area of
the nasal septum most often associated with OE based on averaging from multiple autopsy
specimens and shows the positional relationship among easily identifiable nasal structures.
Notice that the OE typically does not reach the anterior edge of the middle turbinate in
adults. F = frontal sinus, MT = middle turbinate, S = sphenoid sinus, asterisk =
cribriform plate.
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Figure 2.
Subject position used during topical anesthesia of the nose. //lustration by Olivia Schwob.
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Figure 3.
Immunohistochemistry demonstrates the presence of OE. Adjacent section from three

separate biopsies are double labeled with antibodies against PGP9.5 (PGP) and beta-tubulin
IV (Beta4) or beta-tubulin I11 (Tuj1) and olfactory marker protein (OMP) with DAPI nuclear
staining in blue. A. A biopsy from subject HB4 provides an example of normal OE with
multiple layers of PGP(+)/Tuj1(+) neurons. The epithelium is without any respiratory cells
as confirmed with absent Beta4 staining. A healthy mix of immature Tuj1(+)/OMP(-) and
mature Tuj1(+)/OMP(+) OSN's are appreciated. B. In comparison, a biopsy from subject
HB10 with URI-related anosmia reveals a disordered epithelium with less defined OSN cell
bodies. OSN staining with PGP, Tuj1, and OMP is present confirming the epithelium as OE,
but patches of Betad(+) respiratory cilia can also be seen. An asterisk shows a large
intraepithelial neuroma. Notice how the neuroma and disorganized OSN's remain
compartmentalized between the row of supporting cell nuclei apically and the basal cell
nuclei below. C. A biopsy from subject HB12 with trauma-related anosmia has an overall
immature OE. The OSN's are confirmed with PGP(+)/Tuj1(+) labeling but mature OMP(+)
cells are limited. Once again, an intraepithelial neuroma is seen (asterisks), but in this
example there is disruption of the supporting cell layer. Arrowheads = basal lamina, scale
bar = 25 pm.
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Figure 4.
Immunohistochemistry helps to confirm olfactory nerve fascicles. A. Adjacent sections

through a biopsy from subject HB4 reveals fila olfactoria that contains abundant mature
Tuj1(+)/OMP(+) axons and is reflective of the health of the overlying OE. Arrowhead =
basal lamina, scale bar = 100 um. B. Sections through biopsies stained with H&E reveal
structures resembling nerve fascicles. Immunohistochemical double labeling with antibodies
against S100 and Tuj1, p75 neurotrophic receptor (p75), or human neurofilament protein
(hNF) further define the fascicles. B1. H&E and immunofluorescent staining of sections
through a biopsy from subject HB1 shows a typical large olfactory fascicle (asterisk)

stained with S100 and Tuj1. The absence of hNF staining confirms the axons as olfactory
and not trigeminal. Two smaller fascicles (double arrows) are S100(+) but lack Tuj1(+)
axon staining. The p75(+) staining of perineural tissue surrounding the S100(+) olfactory
ensheathing cells (OEC's) confirms these structures as empty olfactory fascicles. A smaller
trigeminal nerve fascicle (single arrow) stained with S100, Tuj1, and hNF is also present.
Scale bar = 50 um. B,. H&E and immunofluorescent staining of adjacent sections through a
biopsy from a subject with URI-related hyposmia (HB14) at higher power magnification
demonstrates a group of three empty fascicles stained with S100 and absent of Tuj1(+)
axons. Perineural staining with p75 confirms the structures as nerve fascicles. Note the wider
spaced S100(+) OEC's in the empty fascicles as opposed to the larger Tuj1(+) olfactory
nerve fascicle in B;. Again, a small trigeminal nerve branch is seen (arrow). Scale bar = 25
pm.
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