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ABSTRACT
PURPOSE: To describe a new technique for isolation of a mesenchymal stem cells (MSCs) population from the olfactory mucosa in 
rabbits. 
METHODS: Olfactory stem cells (OSCs) were retrieved from under the cribriform plate of the Ethmoid bone. Several assays were 
accomplished to characterize the cell population and attest its viability in vitro. The cells were submitted to flow cytometry with the 
antibodies CD34, CD45, CD73, CD79, CD90 and CD105 and also they were induced to differentiate in three lineages. Functional 
evaluation involved analysis of in vitro growth behavior, colony forming unit like fibroblasts (CFU-f) and cryopreservation response. 
Further transduction with Green Fluorescent Protein (GFP) was also performed. 
RESULTS: The OSCs showed mesenchymal features, as positive response to CD34, CD73 and CD90 antibodies and plasticity. 
Additionally, these cells have high proliferated rate, and they could be cultured through many passages and kept the ability to proliferate 
and differentiate after cryopreservation. The positive response to the transduction signalizes the possibility of cellular tracking in vivo. 
This is a desirable feature in case those cells are used for pre-clinical trials. 
CONCLUSION: The cells harvested were mesenchymal stem cells and the technique described is therefore efficient for rabbit olfactory 
stem cells isolation.
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Introduction

Stem cell therapy is a valuable tool for a wide variety 
of pathologies. Dominici et al.1 on their studies concluded that 
mesenchymal stem cells (MSCs) are an interesting source for 
cellular therapy due to their plasticity, immunomodulatory and 
self-renewing ability. An increasing clinical interest in these 
cells is related to the possibility of cellular transplant in situ or 
intravenously and immunosuppressive effects that reduce graft 
failure2,3The commitment to a specific lineage is directly related to 
the culture conditions and environment in damaged tissue area4,5. 
Guerout et al.3 stated that resident cells lead MSCs to differentiate 
and secrete cell factors for angiogenesis or immune cell regulation.

Olfactory stem cells (OSCs) can be classified as MSCs 
due to the ability of adhesion into plastic culture dish, fibroblastic 
morphology and differentiation into various others cell lineages. 
Furthermore, these cells can form colonies during the first cultures5. 
They are able to divide in numerous times on culture and preserve 
growth rate, however the multipotency is dependent to the initial 
harvest density5. These cells can promote axonal regeneration6 
and have been used in studies with intervertebral disc4 and bone 
marrow injuries7.

A reliable method of tracking the transplanted MSCs 
in vivo is using Green Fluorescent Protein (GFP)8. Cells 
expressing this exogenous gene emit fluorescence (bright green 
light) when exposed to ultraviolet light and have been used 
to identify transplanted cells within the tissue and investigate 
their proliferation, migration and differentiation capacity9. This 
tracking property is incredible interesting and desirable for pre-
clinical studies. 

The technique described for rabbit OSCs isolation has 
already been reported on others animal models as: humans10, 
rat10,11, and canine12. Casals et al.13 reported that rabbit is the 
third most common animal model, according to three different 
databases, and it was the animal model used on this protocol study 
for a better established OSCs isolation.

The present study aims to demonstrate the fore mentioned 
protocol represents an efficient method to rabbit olfactory stem 
cell characterization and isolation, as it was successfully used to 
characterize rodents10,11 and canine12 OSCs. 

This research describes a protocol for the isolation and 
characterization of rabbit OSCs, as well as their expansion in vitro 
in order to attest that they have mesenchymal characteristics and 
can represent a possible source for cell therapy. The study was 
accomplished with rabbits since they are one of the best an animal 

model for human diseases, especially diseases correlated with 
central nervous system, as stroke6,13. 

Methods

All procedures performed on animals were approved 
by the Bioethics and Animal Experimentation Committee, 
Universidade de Sao Paulo, Faculty of Animal Science and Food 
Engineering (FZEA-USP).

Three-day old rabbits were used in this study after natural 
death had been attested (Figure 1A).

Isolation and in vitro expansion

The first step to obtain olfactory cells was the decapitation 
and removal of skin, as described by Girard et al.10. Then, the 
exposed tissue was rinsed with distilled water to eliminate blood 
and potential contaminants (Figure 1B). All the subsequent 
procedures were performed under rigorous aseptic conditions, 
inside a laminar hood. The olfactory epithelium was accessed 
after a sagittal incision of the cranium (Figure 1C). The olfactory 
epithelium lays in the septum, in a space delimited by the arc of 
the perpendicular plate, the cribriform plate and the ceiling of the 
nasal cavity10.

FIGURE 1 – Tissue collection procedure for olfactory stem cells 
sampling in rabbit. A. Three-day old rabbit used after its natural death. 
B. The excised head after antisepsis with distilled water to eliminate 
potential contaminants. C. Sagittal incision of the cranium to access the 
olfactory epithelium, indicated by the red arrow under the cribriform plate 
of Ethmoid bone. The black arrow indicates the region of the olfactory 
bulb. 
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The epithelial fragments collected were rinsed with 
phosphate-buffered saline (PBS), dissociated mechanically with 
steril blades and submitted to enzymatic digestion with Trypsin 
(Triple Express – Invitrogen, Cat. N. 12604) for 15 minutes under 
standard conditions (37oC, humidified atmosphere with 5% CO2). 

Cells and tissue explants were plated in 60mm plastic 
culture dishes with Dulbecco’s modified Eagle’s medium F12 
(DMEM F12, LGC, Cat. N. BR-30004-05) supplemented with 
15% bovine fetal serum (Hyclone, Cat. N. SH30070-03), 1% 
L-glutamine (Sigma, Cat. N.G7513), 1% Penicillin-Streptomycin 
(Hyclone, Cat. N. SH40003-12) and 1% MEN Non-Essential 
Amino Acid solution (Invitrogen, Gibco, Cat. N. 11140).

After 72h of incubation, non-adherent cells were removed 
and the medium was replaced every three days. Adherent cells 
were cultured until reaching 70% confluence and then harvested 
and transferred to new 60mm plastic culture dish. 

Rabbit olfactory stem cells were daily observed with 
an inverted phase contrast microscope NIKON Eclipse-TS 100. 
Photomicrographs were captured using the ENLTV 8.0.7 software.

Functional tests

Growth curve
Functional tests were performed to attest the cellular 

viability in vitro. Cells at passage 2 were monitored for 31 days 
to growth curve and proliferative behavior evaluation. The cells 
plating density was set at 1 x 104 and the cells were harvested 
during 3-4 days in DMEM F12 until 70% confluence. Each 
passage was performed using trypsin and the obtained cells were 
replated. Cells number at each passage was quantified by counts 
using a hemocytometer. 

Cryopreservation
Rabbit olfactory stem cells were submitted to 

cryopreservation in different passages. The freezing medium was 
constituted by DMEM F12, supplemented with 20% fetal bovine 
serum, 10% DMSO (Vetec, Cat. N. 590) and 1% Penicillin-
Streptomycin.

Colony forming unit like fibroblasts (CFU-f)

The colony forming unit like fibroblasts (CFU-f) 
assay was adapted from a previously described protocol14. Cells 
obtained from rabbit olfactory epithelium were ressupended 
in DMEM F12 supplemented medium at a concentration of 103 

viable cells and plated on 90mm plastic culture dishes prior to 
incubation. Microscopic analysis was performed at seven and 
14 days and the medium replacement occurred every three days. 
When minimum 50 cells per colony were observed, cells were 
fixed with 4% paraformaldehyde for 30 minutes and stained with 
crystal violet solution (15 minutes).  After rinsing the fixed cells 
with distilled water, it was possible to determine the number of 
colonies. Colonies with less than 50 cells or which morphology 
clearly differed from the olfactory stem cell morphology were 
excluded from the results.

Differentiation protocols

Cells were induced to differentiation to evaluate their 
plasticity.  Non-induced control samples were maintained in 
proliferation medium during all this study.

Osteogenic differentiation and Alizarin Red staining

For Osteogenic differentiation 3.4x104 cells were 
resuspended in 2 mL StemXVivotm Human/Mouse Osteogenic/
Adipogenic Base Media (R&D Systems, Cat. N. CCM007) 
supplemented with Penicillin-Streptomycin (1:100) in a 35mm 
plastic culture dish and incubated under standard conditions. 
The base medium was changed every three days until the 50-
70% confluence. Medium was then replaced by 2 mL of the 
differentiation medium StemXVivo Osteogenic Supplement x20 
(R&D Systems, Cat. N. CCM008). Medium replacement was 
accomplished every three days and differentiation occurred after 
three weeks on average. Osteogenic differentiation was attested 
by Alizarin Red stain15. Before stain, the cells were fixed with 
paraformaldehyde 4% for 1 hour.

Adipogenic differentiation and Oil Red staining

For adipogenic differentiation, 1.7 x 105 cells were 
ressuspended in 2 mL StemXVivotm Human/Mouse Osteogenic/
Adipogenic Base Media supplemented with Penicillin-
Streptomycin (1:100) in a 35mm plastic culture dish. The base 
medium was replaced every three days. When 100% confluence 
was observed, the base medium was replaced by 2 mL of the 
differentiation medium StemXVivo Adipogenic Supplement 
(R&D Systems, Cat. N. CCM011). Medium was changed every 
three days during a period of approximately 21 days. Then, cells 
were fixed with 4% paraformaldehyde in PBS for 1h and stained 
with Oil Red solution.
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Neuronal differentiation and Immunofluorescence 
protocol

For neuronal differentiation, 3 x 105 cells were 
plated into four-well plastic culture dish on top of a coverslip. 
When the cellular growth reached 70% confluence, 0.5 μL of 
monoetilglicerol (3-mercapto-1,2 propanediol, M6145, Sigma) 
was added to each well. Twenty four hours after, the cells were 
fixed with 4% paraformaldehyde and an immunofluorescence 
protocol was performed for GFAP (Glial Fibrilar Acid Protein), an 
intracellular neuronal marker for glial cell. After medium removal, 
the cells were rinsed with PBS, fixed for 12 minutes with 4% 
paraformaldehyde and rinsed three times with DPBS (Dubbecco 
Phosphate Buffer Saline) to eliminate the paraformaldehyde. 
These procedures were followed by incubation with 1% Triton 
X-100 for 20 minutes and washing with 0.1% Tween diluted in 
DPBS. Unspecific proteins were blocked with 10% goat serum 
for 1 hour, followed by incubation with 1:1000 Mouse anti-GFAP 
primary-antibody (Pleasanton, CA, Cat. No. MOB199 – 5264) 
overnight at 40C. The negative control was incubated with PBS. 
After three washes with 0.1 % goat serum in DPBS, it was added 
1:600 Polyclonal Goat Anti-Mouse Immunoglobulins/ FITC Goat 
F (ab’) 2 (Cat. No. F 0479) secondary antibody and remained 
for one hour in a dark container, at room temperature. All slides 
were washed three times with DPBS before mounting in Prolong 
containing Hoechst 33342.This protocol with adaptations was 
described by Walton and Wolfe16.

Flow cytometry characterization

For flow cytometry (FACSCalibur, BD) characterization, 
there were used 105 cells in the first passage per tube. The cells 
were distributed equally in the tubes and ressuspended in 200μL 
of PBS. We used the following markers: CD34, CD45, CD73, 
CD79, CD90, CD105 and IgG as the secondary antibody.  After 1 
hour of incubation in a dark container to support primary antibody 
reaction, each tube was centrifuged at 300g for three minutes and 
then added the secondary antibody for 30 minutes, and then each 
tube was centrifuged at 300g for three minutes, and washed with 
1 mL  PBS. For the following analysis in the flow cytometer, the 
resulting pellet from each tube was ressuspended in 200μL PBS 
with 1% formaldehyde.

Transduction with eGFP and cell sorting

In order to evaluate the possibility of tracking the cells 
in in vivo studies it was performed a lentiviral transduction of the 
cells in culture with the exogenous gene eGFP.

Lentiviral production17 was performed by lipofection 

of 293FT cells (Invitrogen) according to protocol established 
previously. Rabbit OSCs were cultured in 60mm plastic culture 
dishes until 30% confluence. Then, cells were transduced with 3 
mL of viral supernatant with 6 µg.mL-1 of hexadimethrine bromide 
(Polybrene, Sigma). After 24 hours, the viral solution was replaced 
by normal culture medium without antibiotics and incubated for 
24h. Selection of transgenic cells was performed through antibiotic 
resistence by adding 8 µg.mL-1 of blasticidin to the cultures for 10 
days, and medium was changed every three days. The blasticidin 
concentration was previously optimized17 with a killing assay that 
included 0, 2, 4, 6, 8 and 10 µg.mL-1 concentrations of blasticidin 
in cultures of bovine mammary epithelial cells.   Cells at the 
fifth passage were submitted to flow cytometry analysis (FACS 
– fluorescent assisted cell sorting) for evaluation of transduction 
efficacy and sorting of GFP-positive cells. This procedure was 
accomplished on a FACSAria cytometer (Becton, Dickinson 
and Company) equipped with 488 nm blue laser and 530/30nm 
filter, using FACSDiva Version 6.1.1. software. The results were 
compared to non-transducted cells (control group). To purify the 
material, all cells in culture were recovered and data from 10.000 
cells was recorded for statistical analyses.

Results

Cells in culture attached to plastic culture dishes after 
approximately 4-5 days of incubation. Functional evaluation of 
the OSCs in culture was performed through analysis of cellular 
growth curve, the behavior of cryopreserved cells submitted to 
thawing and cellular forming units like fibroblasts (CFU-f) assay. 

The cellular growth curve showed an exponential growth 
until the seventh passage, the point of maximum population 
density. After that, a period of stability was followed by a 
decreasing growth rate at passage 15. The cells in culture could 
be expanded until the passage 16, presenting substantial rate of 
proliferation and expansion in vitro (Figure 2). 

FIGURE 2 – Growth curve of mesenchymal stem cells from rabbit 
olfactory epithelium. Exponential growth was until the seventh passage, 
the point of maximum population density. After that, a period of stability 
was followed by a decreasing growth rate (fifteenth passage). Amount of 
cells represented in vertical axis (105).
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The cryopreserved cells in different passages reached 
confluence within 3-4 day, after thawing and presented fibroblastic 
morphology (Figure 3 A1 and A2). When performing the colony 
forming unit like fibroblasts assay, 22 colonies were obtained per 
thousand of plated cells, on average (Figure 3 B1 and B2).

FIGURE 3 – Photomicrographs of rabbit olfactory stem cells during 
cellular proliferation assays. A1/A2. Evidence the spindle-like 
morphology. B1/B2. CFU-f stained with Crystal Violet. It can be seen a 
huge tendency to form colonies with fibroblasts appearance. Scale bars 
= 20 µm.

The cells studied expressed capability to commit to 
adipogenic (Figures 4 A1 and A2) and osteogenic (Figure 4 B1 
and B2) cells lineages. Osteocytes-like cells showed mineralized 
calcium phosphate deposition that was stained by Alizarin 
red solution. Adipocytes could be easily discerned from the 
undifferentiated cells by phase contrast microscopy, adipogenic 

differentiation was confirmed by Oil red staining of cells with 
intracellular lipidic vacuoles.	

FIGURE 4 – Photomicrographs of rabbit olfactory stem cell submitted 
to differentiation. A1/A2. Cells were stained with Oil Red showing 
intracellular lipidic vacuoles, a typical feature of adipocytes. B1/B2. 
Cells stained with Alizarin Red showed calcium phosphate deposition in 
osteogenic differentiation assay. Scale bars = 20μm.

Furthermore, cells in culture committed to the neuronal 
lineage after neuronal differentiation. It could be noticed by 
phenotypic characteristics as the spindle, bipolar or multipolar16 
morphology (Figure 5 B) and GFAP positive staining (Figure 5 
D, E and F). 

FIGURE 5 – Photomicrographs of rabbit OSCs submitted to neuronal differentiation and immunofluorescence. A. Culture of undifferentiated rabbit 
OSC with fibroblastic morphology. B. Rabbit OSC differentiated in neuronal cells. It is possible to analyze axonal-like cells branches (the small black 
arrows) and dendrite-like cells (large black arrows). C. Control with nucleus stained in blue (small white arrow) and negative staining to GFAP. D, E 
and F. GFAP positive staining. Small white arrows indicate nucleus and large white arrows show the cytoplasm stained in green. Scale bars = 20 μm.
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The investigation of surface markers by flow cytometry 
revealed that rabbit OSCs expressed the hematopoietic marker 
CD34 (10%), but not the CD45 (0, 3%). It was observed a very 
low expression of MSC-specific antigen CD105 (2.5%), although 
there was positive staining to the mesenchymal markers CD73 
(28%) and CD90 (16, 7%). However CD79 was not expressed 
(0.3%) on these cells (Figure 6). 

FIGURE 6 – Flow cytometry graphs for characterization of the rabbit 
OSCs in culture. It is possible to notice the positive expression of the cells 
for the antibodies CD34 (A), CD73 (B) and CD90 (C). By the contrary, 
there was absent expression of the antibodies CD45 (D), CD79 (E) and 
CD105 (F).  

Flow cytometry revealed a 50% success in lentiviral 
transduction showed by the percentage of eGFP-positive cells 
(Figure 7).

FIGURE 7 – Analysis of cellular behavior during transduction with GFP 
gene. The transducted cells (A) and control cells (B) submitted to flow 
cytometry. Rabbit olfactory stem cells in culture under bright light (C) 
and UV light (D). Scale bars = 20 µm.

	

Discussion

OSCs presented great viability in vitro, being expanded 
numerous times and cryopreserved at different passages, as 
suggested by Murrell et al.4.

Cellular development and growth kinetics were in 
accordance with the proposed by Lochhart18 for mesenchymal 
cells. This author established in vitro the phases of exponential, 
constant and decreasing growth related to the cellular physiologic 
activity.

Colony forming units like fibroblasts were claimed to be 
an important tool for determining mesenchymal cell populations. 
Our study, as well as the works from Dominici et al.1 and Fadel 
et al.19 in the study with ovine fat tissue stem cells; demonstrated 
OSCs originate colonies with spindle morphology as fibroblasts. 
The ability to adhere to plastic culture dish and be widely expanded 
(high proliferation potential) was observed by Zucconi et al.20 on 
canine MSCs from umbilical cord blood.

Cellular differentiation into three distinct lineages 
determines mesenchymal properties of stem cell, as declared by 
other group1. Our study revealed rabbit OSCs present plasticity, 
ability to commit with adipogenic, osteogenic and neurogenic 
lineages. The typical findings of each phenotype were confirmed 
by Zucconi et al.20and other authors20-22.
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The cells submitted to transdifferetiation into the neuronal 
lineage expressed GFAP positive labeling, an antibody for Schawnn 
cell-like glia and the astrocyte-like glia21. Walton and Wolfe16 also 
demonstrated that cells from canine olfactory bulb presented 
positive staining to GFAP. The neuronal-like cells founded here 
are in consonance with others authors16,22. Corroborating with our 
study, Girard et al.10 showed on their studies GFAP expression on 
human olfactory stem cells after neuronal differentiation.

The positive staining for CD90 in flow cytometry 
conflicts with what was published by Lindsay, Riddell and 
Barnett23 for neurospheres from the lamina propria; and by Wetzig, 
Mackay-Sim and Murrel24 for adult olfactory stem cells isolated 
from rats. Kuhn and Tuan25 classified the antibodies CD73 and 
CD90 as MSCs markers. Our results showed that the cells in 
culture were positive for CD73 indicating a mesenchymal feature 
and in corroboration with others studies25. Vieira et al.26 found 
negative results when tested CD73 in canine adipose-derived stem 
cells. CD45 is a marker of hematopoietic stem cells20 and was not 
expressed in our population in culture. This result corroborate with 
what was attested by Kuhn and Tuan25 and Sordi27.  The negative 
expression of CD79 was also in accordance with the results from 
Sordi27.

CD105 is a specific marker for MSCs25. However, we 
found a negative expression in our assay that is similar to the 
negative results related by Vieira et al.26 on canine adipose-derived 
stem cells.

CD34 expression in MSCs is negative, according to 
Sordi27. Despite this fact, the cells in our study presented a slight 
but positive CD34 expression, similar to the related by Vieira et 
al.26 for canine adipose-derived stem cells.

Previous researches showed that GFP-positive cells could 
be detected in vivo by blue LED flashlight with special filters28. 
Reports pointed the possibility of detecting GFP cells in internal 
organs of live mice using a trans-illuminated epifluorescence 
microscope8. This property is desirable for pre-clinical studies. 
Bioluminescent-based pre-clinical studies with bladder cancer 
showed the capability to track cancer cells in mice29.  Fluorescence 
imaging was used to evaluate Leukemia’s cells growth in mice30.

Endogenous fluorescence of OSCs transducted with 
GFP promotes cellular tracking in non-transducted receptors8. 
This enables marked rabbit olfactory stem cells to be a potential 
source for pre clinical studies with neurodegenerative diseases for 
example6,7.

The characterization assays described in this research 
proved the cells cultured were MSCs, confirming that the isolation 
protocol was efficient to isolate rabbit olfactory stem cells. This 

efficacy was reported for canine12 and rodents10,11 olfactory stem 
cells isolated using protocols very similar to the one used in the 
present study.

Conclusions

Rabbit olfactory stem cells showed great proliferation 
rate in vitro, confirming the isolation protocol and culture 
conditions were efficient and favorable for their development until 
high passages. The capacity of adhesion to plastic, commitment 
into different lineages and CFU-f ability, and also CD73 and 
CD90 expression, proved the stem cells in culture were MSCs. 
Additionally, the cellular growth curve and positive response 
to thawing reinforce their viability in vitro. The successful 
transduction and positive GFP expression offer the possibility of 
cellular tracking in case of in vivo studies. Rabbit olfactory stem 
cells represent an interesting source to neurodegenerative diseases 
research for their possibility of neuronal differentiation.  
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