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Abstract 

Olfactory stem cells (OSCs) are multipotent stem cells that can be isolated from the 
olfactory mucosa and olfactory bulb and have the capacity to proliferate when 
cultured on suitable media. Isolation of these cells helps to study their identity before 
being used as a cell therapy.  
The aim of this study is to isolate rat OSCs from olfactory mucosa and olfactory bulb, 
culture these OSCs in suitable medium to allow for their proliferation. 
Results: OSCs were successfully isolated, cultured and expanded in Dulbecco's 
Modified Eagle's Medium with Ham's F12 (DMEM F-12) media supplemented with 
10 % fetal bovine serum (FBS). The cells were characterized morphologically by their 
spindle shape cytoplasmic processes, plastic adherence tendency and colony 
formation till the 3rd passage. They were characterized immunohistochemically by 
their positive expression for CD44 and Nestin and negative expression for CD34.  
Key words: Culture, characterization, isolation, morphology, olfactory stem cells, 
phenotype. 
 

 

Introduction 
The olfactory mucosa is located in 

the nasal cavity and contains a large 
population of stem cells that undergo 
division, neurogenesis and 
regeneration throughout life (1, 2). The 
olfactory epithelium is the most 
superficial layer of the mucosa and it is 
the part of the nervous system that 
produces new neurons every day 
through neurogenesis that continues 
throughout the postnatal life to replace 
those that are damaged by pollution, 
bacterial or viral infections (3, 4). The 
olfactory epithelial neural stem cells 
are present in the basal layer of the 
olfactory epithelium and they are the 
source of regeneration of this tissue 
after damage through the production of 
new sensory neurons that develop 
synapses to remake connections to the 

brain (5). The olfactory stem cells are 
also present within the layer of lamina 
propria that lies below the epithelium 
and these cells show both 
mesenchymal and neural 
characteristics of stem cells (6) but, the 
stem cells located in the lamina propria 
are closely related to bone marrow 
mesenchymal stem cells (BM-MSCs), 
so they are named olfactory ecto-
mesenchymal stem cells (OE-MSCs) 
(7). 

Multipotent stem cells derived from 
the olfactory mucosa can be cultured 
on various culture conditions to 
replicate and generate neurospheres 
that are multipotent that can give rise 
to neurons and glial cells, so, they are 
useful for transplantation therapies and 
for cellular studies of diseases (8) 
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particularly, because the olfactory 
mucosa is easily accessible and can be 
obtained by a simple biopsy performed 
through the external nares (9).  

Neural stem cells have been also 
isolated and characterized from the 
olfactory bulb (10). Due to their ability 
to self-renew and to differentiate 
towards the neuronal phenotype, the 
olfactory bulb neural stem cells 
(OBNSCs) provide an attractive tool 
for developing transplantation-based 
therapy of neurodegenerative diseases 
(11). The stem cells in the olfactory 
bulb are derived from the neural stem 
cells that lie in the walls of the lateral 
ventricles of the brain as they continue 
to differentiate after birth and give rise 
to neuroblasts through neurogenesis 
and the new cells migrate to the 
olfactory bulb throughout life (12) and 
the new neurons that reach the 
olfactory bulb become interconnected 
with the other neurons of the olfactory 
bulb by developing synapses  and 
become included in the olfactory 
pathway (13). Also, the original cells 
of the olfactory bulb undergo 
neurogenesis that is well characterized 
in rodents and adult monkeys (14). 

Olfactory mucosa derived stem cells 
are fusiform, fibroblast-like cells. 
During their initial colony forming unit 
like fibroblasts (CFU-F), they are 
negative for hematopoietic surface 
markers; CD 34,CD 45 and CD14 but 
positive for a variety of markers 
including Stro-1, CD 44, CD 29, CD 
105, CD 73, CD 166 and CD 90 (15, 
16). The stem cells isolated from the 
olfactory bulb are also fibroblast-like 
cells and express CD29, CD44, CD90, 
CD105 and CD166 but not CD34 and 
CD45, consistent with the 
characteristics of MSCs and are 
capable of differentiation into 
mesenchymal lineages such as 
osteocytes, chondrocytes and 
adipocytes (17). Study of these cell 
identities and their mesenchymal like 

characteristics is an issue of interest for 
their future use as a cyto therapy. So, 
the aim of our study was to develop an 
efficient and reproducible procedure to 
isolate OSCs fron rat olfactory mucosa 
and olfactory bulb and to introduce a 
culture system that allows the 
proliferation of these stem cells. 
Materials and methods 
Isolation of stem cells from the 
olfactory mucosa and olfactory 
bulbs: 
- The olfactory stem cells were isolated 
from the rat olfactory mucosa and 
olfactory bulbs under very restricted 
sterile conditions. Ten adult male 
albino rats were used as a source of 
stem cells from the olfactory mucosa 
(18) and olfactory bulbs (19). Their 
age was 6 month and their weight 
ranged between 200 and 250 grams 
each.  
Culture of the olfactory stem cells:  
   The final pellet was resuspended in 
10 ml complete medium that consists 
of low-glucose Dulbecco’s Modified 
Eagle’s Medium with Ham's F12 
(DMEM-F12) supplemented with 10% 
fetal bovine serum and 1% 
penicillin/streptomycin (20 - 23).  
Characterization of the olfactory 
stem cells: 
Characterization of the olfactory 
mucosa derived cells will be performed 
using immunocytochemical markers 
specific for stem cells according to the 
criteria of the international society of 
cytotherapy (24). including Nestin 
(25), CD34 and CD44 markers (26): 
* Olfactory stem cells growing in 35 
mm dishes were fixed by chilled 
acetone: methanol (1:1) for 10 minutes 
and washed twice with PBS. Sections 
were treated with 0.3% hydrogen 
peroxide in methanol (30 min) to 
abolish endogenous peroxidase. The 
cells were incubated for 30 minutes at 
room temperature with CD34, CD44, 
and nestin monoclonal antibodies 
(1:200 dilutions in PBS) then washed 
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twice by PBS. The cells were 
incubated with peroxidases conjugated 
rabbit anti-mouse IgG secondary 
antibody for 30 minutes at 37oC. Final 
wash three times with PBS was 
performed. A negative control was 

performed using only the secondary 
antibody to exclude any cross-reaction. 
The cells were examined with phase 
contrast microscope and CD34, CD 44, 
and nestin reaction was observed by 
the bright field. 

 
 

Results 
Cultured olfactory stem cells: 

In primary culture after 3 days, OSCs adhered to the dish substratum, showing a 
small population of single cells. The cells gained small processes and became spindle 
shaped, with single nucleus (Fig. 1). The non-adherent cells were removed. 

Five days after plating, the cells increased in number and their processes began to 
elongate (Fig. 2). 

One week after plating, the population of cells was long, spindle shaped, with a 
fibroblast-like appearance, and began to form colonies (Fig. 3).  

Ten days after plating, the number of cultured cell was markedly increased (Fig. 4). 
At the end of the second week after plating, the cultured cells reached about 80 % 

confluent and they took different morphological characters such as: spindle or star 
shaped. Some of them were polygonal or had a fibroblast-like appearance (Fig. 5). 

 

         
 
Figure 1: A phase contrast photomicrograph of primary cultured olfactory stem cells 
derived from rat olfactory mucosa and olfactory bulb 3 days after culture before wash. 
Some floating cells (F) are seen but large number of cells begins to attach (A) to the 
substratum and to gain processes. Scale bar 100 μm. X100. 

          
Figure 2: A phase contrast photomicrograph of primary cultured olfactory stem cells 
derived from rat olfactory mucosa and olfactory bulb 5 days after culture showing the 
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presence of some cells with their nuclei having multiple nucleoli (Arrows).  Scale bar 
100 μm. X100. 
 

          
Figure 3: A phase contrast photomicrograph of primary cultured olfactory stem cells 
derived from rat olfactory mucosa and olfactory bulb one week after culture showing 
the presence of a cell colony (Arrow) and more than 50% conflouency. Scale bar 100 
μm. X100. 
 

         
Figure 4: A phase contrast photomicrograph of primary cultured olfactory stem cells 
derived from rat olfactory mucosa and olfactory bulb 10 days after culture. The cells 
show 90 % confluency with marked elongation of their processes (Arrows) with the 
presence of a cell colony (C). Scale bar 100 μm. X100. 
 

        
Figure 5: A phase contrast photomicrograph of primary cultured olfactory stem cells 
derived from rat olfactory mucosa and olfactory bulb 2 week after culture. The cells 
are confluent. Most of The cells are polygonal (P) and some are fibroblast-like (F). 
Scale bar 100 μm. X100. 
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Characterization of rat olfactory stem cells 
The identity of olfactory mucosa derived stem cells was proven by performing 

immunohistochemical staining using monoclonal antibodies against rat CD34, CD44, 
and Nestin. The performance of the immunohistochemical characterization was done 
on a monolayer of expanded rat olfactory stem cells of the third passage. These cells 
revealed that they were uniformly positive for CD44 (Fig. 6) and Nestin (Fig. 7) in 
the form of brown cytoplasmic staining. In contrast, they were negative for CD34 
(Fig. 12).  
 

          
Figure 10: A phase contrast photomicrograph of immunostaining for surface antigen 
CD44 in a monolayer of rat olfactory stem cells during the third passage. Most of the 
cells are positively stained (P) with few cells are negatively stained (N). Scale bar 100 
μm. X100. 
 

          
Figure 11: A phase contrast photomicrograph of immunostaining for surface antigen 
nestin in a monolayer of rat olfactory stem cells during the third passage. The cells 
(Arrows) are positively stained. Scale bar 100 μm. X 100. 
 
Discussion 

This paper presents a detailed 
protocol to isolate, culture and 
characterize olfactory mesenchymal 
stem cells from the olfactory mucosa 
and olfactory bulb of the adult male 
albino rats and this was in correlation 
with the results of the studies done by 
Kuijten  et al., (2014) as they detected 
that, the rat nasal olfactory mucosa 

contains mesenchymal stem cells 
named olfactory mucosa derived 
mesenchymal stem cells(OM-MSCs) 
(27) and Gritti  et al., (2002) who 
isolated the olfactory stem cells from 
the olfactory bulbs of rodents (28). 
Also, Curtis et al., (2007) detected 
that, human neuroblasts migrate from 
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the wall of lateral ventricles to the 
olfactory bulb (29). 

Olfactory stem cells have been 
previously described as a highly 
proliferative cell type (7) and this 
characteristic was confirmed in current 
research. Indeed, even though we 
established our cultures from very 
small pieces of tissue, several millions 
of cells were derived in less than a 
month time and we confirm here that 
rat olfactory stem cells can be 
successfully amplified by successive 
cell passages. We identified the 
olfactory stem cells through their 
characters by being positive for Nestin 
and CD44 and this was in correlation 
with those results found by Jean-
Claude et al., (2014) and Sayuri et 
al., (2010) who proved that the 
olfactory stem cells are positive for 
Nestin (20, 25). Delorme et al., (2010) 
also detected that, the two recognized 
characteristics of the olfactory mucosa 
derived stem cells are the sphere 
formation and immuno-positivity for 
Nestin (7).  Hosseini et al., (2015) 
proved that the olfactory stem cells are 
positive for CD44 (26). 

In our study, we cultured the OSCs 
on DMEM-F12 enriched with fetal 
bovine serum with the addition of 1% 
Penicillin-Streptomycin  because 
DMEM-F12 medium is stable, 
improves cell viability and growth, 
potentially increases the proliferation 
of stem cells and minimize toxic 
ammonia build-up according to 
previous studies that used DMEN-F12 
to culture OSCs derived from olfactory 
mucosa (30, 31) and olfactory bulb 
(32) and other types of stem cells such 
as human embryonic stem cells (33), 
human-induced pluripotent stem cells 
(34), neural stem cells (35) and hair-
follicle bulge stem cells (36). The 
culture medium was supplemented 
with fetal bovine serum (FBS) because 
it has a very low level 
of antibodies and contains 

more growth factors, allowing for 
proliferation in many different cell 
culture applications. Also, FBS is rich 
in a variety of proteins that maintain 
cultured cells in a medium in which 
they can survive, grow and divide so, it 
is the most widely used serum-
supplement for the in vitro cell 
culture of eukaryotic cells (37, 38). 
The 1% Penicillin-Streptomycin was 
added to the culture medium to prevent 
bacterial growth (39). In addition, 
Ercolin et al., (2016) used DMEM 
F12 supplemented with 15% bovine 
fetal serum with 1% Penicillin-
Streptomycin to culture the olfactory 
stem cells obtained from the rabbit 
olfactory mucosa (40). 

In the current study, most of the 
OSCs got attached to the plastic Petri 
dishes with polygonal and fibroblast-
like morphology with small body and 
few long cytoplasmic processes with 
the formation of cell coloneis in the 
first culture and these were in 
correlation with the information given 
by the International Society for 
Cellular Therapy that has proposed 
that, the different types of 
mesenchymal stem cells including the 
OSCs show plastic adherent properties 
under normal culture conditions and 
has a fibroblast-like morphology (41). 
Also, Ercolin et al., (2016) detected 
that olfactory stem cells can be 
classified as MSCs due to their ability 
of adhesion to plastic culture dishes, 
fibroblastic morphology and formation 
of colonies with spindle morphology as 
fibroblasts during the first cultures 
(40). Moreover, these results are 
consistent in correlation with a 
previous results of s study done by 
Girard et al., (2011) who isolated 
olfactory stem cells from the rat and 
human olfactory mucosa and when 
cultured revealed polygonal and 
fibroblast-like morphology with few 
long processes and small cell body 
(42).  
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