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Abstract 

Olfactory ensheathing cells (OECs) are widely used in transplantation studies. 

Therefore, the high purification of this unique cell type will be valuable for medical 

applications. Although recent improvements in OEC isolation procedures opened a 

new era in this field, the high purification efficacy and viability rate are still needed 

to be considered. The most widely used OECs isolation techniques can be broadly 

classified as based on adherence properties in particular in the case of olfactory bulb-

derived OECs isolation. Considering the invasive nature of harvesting OECs from 

human olfactory bulbs, hence the high efficient purification of these cells from 

olfactory mucosa can be beneficial in clinical trials. In this study, we isolated OECs 

from both the olfactory bulb and mucosa of rats due to their differential adherence 

properties and compared them. Cell preparations were characterized by NGFR p75 

and S100β antibodies, the specific markers for OECs using immunocytochemistry 

and western blot analysis respectively. OECs morphology and viability were 

monitored over time by microscopy and MTT assay. We found that utilizing our 

suggested method, OECs could be purified from the olfactory mucosa as efficiently 

as the olfactory bulb. Both sources-derived OECs showed high levels of NGFR p75 

and S100β expression, although the S100β expression was higher in olfactory 

mucosa-derived OECs preparations (P<0.05). Moreover, there was no significant 

difference between the two sources in cell viability in our suggested protocol. Hence 

due to the non-invasive harvesting method, olfactory mucosa-derived OECs are 

preferred from a clinical point of view for transplantation studies. 

 

Keywords: Olfactory ensheathing cells, Cell purification, Cell transplantation, 

Olfactory bulb, Olfactory mucosa  
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Introduction 

Currently, there are high-growing studies that utilize isolated olfactory 

ensheathing cells (OECs) for transplantation in different pathologies such as spinal 

cord injury (Feron et al., 2005; Mackay-Sim et al., 2008; Tabakow et al., 2013) and 

amyotrophic lateral sclerosis (Chen et al., 2012) with some promising in the clinic. 

The high migration potency, neurotrophic factors secretion, inherent pathotropism 

toward inflammatory cues, and non-invasive accessible source of OECs, as glial 

cells, make them appropriate for cell therapies (Hashemi et al., 2016; Lankford, 

Sasaki, & Kocsis, 2008; Pellitteri, Cova, & Bossolasco, 2016; Su et al., 2013). 

According to previous studies, there are two main sources for isolating OECs; 

Olfactory bulb (OB) in the brain and olfactory mucosa (OM) in the nasal cavity. 

Isolation and purification of specific cell types from a heterogeneous population 

of different cells are essential for in vitro and in vivo studies as well as clinical cell-

based therapies. According to the researcher's demand, various techniques are 

applied for primary OEC isolation (Reshamwala, Shah, & St John, 2020). The high 

purity of the isolated cells and their viability are the critical points that should be 

considered. Besides both OB and OM containing several other cell types, cell 

contamination during isolation procedure may lead to developing tumor mass 

indicating the importance of purification of OECs before transplantation to avoid 

unwanted side-effects (Dlouhy, Awe, & Hitchon, 2014; Woodworth, Jenkins, & 
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Hache, 2019). Based on adherence properties, different cells exert different 

attachment behavior. For example, fibroblasts have a high affinity to attach to the 

surface, whereas this affinity is lower in OECs (Reshamwala et al., 2020). Cell 

adhesion molecules (CAMs) play an important role in the interaction between the 

cells and the culture surface (Abdal Dayem, Lee, & Cho, 2018). 

Accordingly, achieving a novel non-invasive OECs isolation strategy with high 

efficiency that is less expensive compared to the previous studies will be helpful. In 

this manner, we successfully introduced a new rapid and cost-effective approach for 

the isolation and purification of OECs from rat OM as efficiently as OB along with 

the difference between the two sources. 

 

Materials and Methods 

Animals 

OECs were isolated from OM and OB of neonatal Wistar rats. A total number of 

twelve neonates were used. All efforts were made to reduce animal suffering and 

minimize the number of rats used for these tests. The rats were housed four in a cage 

and the access to food and water was controlled every day. The animal’s cages were 

kept at (23 ± 1°C) under a 12/12-h light-dark cycle which began at 7:00 a.m. The 
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experimental procedures for the treatment of animals were conducted in accordance 

with the Ethics Committee of Tehran University of Medical Sciences. 

Primary OEC isolation  

OECs were isolated from OM and OB of rats utilizing previous original protocol 

with modifications (Ramón-Cueto & Nieto-Sampedro, 1992).  Briefly, animals were 

anesthetized using ketamine hydrochloride (100 mg/kg, alfasan Co., Woerden, 

Netherlands) and xylazine (10 mg/kg, alfasan Co., Woerden, Netherlands). To 

obtain OECs from OBs, we removed the skull bones from the top and harvested the 

OBs. Collected OBs were rinsed by sterile cold phosphate-buffered saline (PBS) and 

then transferred to a dish containing 5% antibiotic/antimycotic (Gibco, Carlsbad, 

CA, USA). The whole isolation procedure should take less than 10 minutes. At first, 

the samples were thoroughly washed with PBS again, so that the external blood was 

gently washed from the sample, and with the help of a razor, the internal blood 

vessels were gently separated. 

OECs in OB are located in the two external layers of the bulb which are typically 

termed olfactory nerve glomerular layers (ONGLs). Employing a stereo microscope 

instrument the ONGLs were separated by dissection Forceps. Next, ONGL were 

undergo mechanical and chemical homogenization. For this purpose, we used a 

scalpel blade for chopping and then 0.25% trypsin EDTA (Gibco, Carlsbad, CA, 
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USA) for chemical dissociation. Trypsination lasted about 15 minutes at 37 0C. 

Subsequently, we added Dulbecco's Modified Eagle Medium/Nutrient Mixture F12 

(DMEM/F12; Gibco, Carlsbad, CA, USA) with 10% Fetal Bovine Serum (FBS; 

Gibco, Carlsbad, CA, USA) to end the trypsinization. The isolated heterogeneous 

samples were centrifuged for 10 minutes at 1200 rpm, the cell pellet was transferred 

to an uncoated petri dish and incubated with DMEM/F12 medium supplemented 

with 10% FBS and 1% antibiotic/antimycotic (Gibco, Carlsbad, CA, USA). Based 

on differential adhesion properties among astrocytes, fibroblasts and OECs, the later 

cells have a low affinity to attached to the uncoated surface. Therefore OECs were 

easily separated from other cells by transferring the supernatant to another uncoated 

petri dish at 36 h post isolation. We repeated this procedure for another 24 h to 

eliminate the cell contamination and achieve high purification. Finally, after 60 h, 

the supernatant containing isolated OECs was transferred to a coated flask and 

incubated at 37°C under 90% humidity containing 5% CO2, replacing medium every 

two days. For isolating OECs from OM we performed the same protocol except we 

isolated the cells from the posterior part of the nasal cavity near the septum and 

epithelium was dissociated from the lamina propria. All images from both 

preparations were taken by light inverted microscope (LABOMED TCM400, CA, 

USA) at different time points. 
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Immunocytofluorescent 

Following 21 days, the cells were characterized with immunofluorescent using 

selective marker, nerve growth factor receptor p75 (1:200, mouse monoclonal anti-

NGFR p75 primary antibody, Santa Cruz, Biotechnology Inc., USA). To achieve 

this goal, 3 × 105 OECs were seeded in a 6-well plate. On the next day, cells were 

fixed by 4% paraformaldehyde and then 10% bovine serum albumin (BSA, Sigma-

Aldrich St. Louis, MO, USA) and 0.3% Triton X-100 (ATOCEL, Austria) were 

added for 45 minutes. Afterward, cells were incubated with anti-NGFR p75 primary 

antibody overnight at 4°C. Incubation with fluorescein isothiocyanate (FITC)-

conjugated goat anti-mouse IgG secondary antibody (1:200 Biorbyt Ltd, Cambridge, 

UK) was performed for 1h at RT. We used 4,6-diamidino-2-phenylindole (DAPI; 

1.5µg/ml, Santa Cruz, Biotechnology Inc., USA) as a nuclear stainer. Eventually, 

NGFR p75 expression was detected by an inverted fluorescence microscope 

(OPTIKA S.r.l., Ponteranica BG, Italy) and quantified by ImageJ software 1.52v 

(National Institute of Health, USA). 

Western Blotting 

Western blot analysis was performed to detection of S100β as a selective marker 

for OECs in three independent samples. Concisely, total protein extract was obtained 

and protein concentration was measured using the well-established Bradford assay. 
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Total protein (50 µg) was loaded on an SDS-PAGE and transferred onto a PVDF 

membrane (Amersham, GE Healthcare, Piscataway, USA). Blocking was carried out 

using 5% BSA for 60 min. Blots were incubated with S100β primary antibody 

(1:1000, rabbit monoclonal anti-S100β primary antibody (Abcam, Cambridge, MA, 

USA) overnight at 4°C. Next, blots were washed with Tris-buffered saline-Tween 

20 (TBS-T) thrice and incubated with secondary antibody (1:5000, Goat polyclonal 

anti-rabbit IgG H&L horseradish peroxidase (HRP) secondary antibody (Abcam, 

Cambridge, MA, USA) for 90 min at RT. Finally, S100β detection was performed 

by utilizing a chemiluminescence detection kit (Pars Tous Biotechnology, Mashhad, 

Iran). Anti-β-actin primary antibody (1:2500, rabbit polyclonal anti-β-actin primary 

antibody, Padza Co., Tehran, Iran) was used as a loading control. The amounts 

S100β were quantified to their corresponding β-actin levels by using ImageJ 

software. 

Cell Viability 

To assess whether the isolation protocol affects cell survival, OECs viability was 

evaluated by 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT, 

Sigma-Aldrich, Sigma-Aldrich, Saint Louis, MO, USA) assays. The total number of 

5 × 103   OECs were seeded in a 96-well plate at different time points (7, 14 and 21 

d) post isolation. 96-well plate at different time points (7, 14 and 21 d) post isolation. 
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The next day, MTT (0.5 mg/ml) was added and OECs were incubated for 4 h at 37 

°C. Following the removal of MTT, DMSO (100 μl) was added. At last, absorbance 

was obtained at 570 nm utilizing an ELISA reader (Bio-Tek Instruments Inc., VT, 

USA). 

Statistical Analysis 

 Graphpad Prism software 6.01v (GraphPad Software, Inc., CA, USA) was used 

for statistical analysis. Data were analyzed using a t-test for the comparison of two 

groups and one-way ANOVA for the comparison of more than two groups followed 

by the Tukey post hoc test. All data were presented as mean ± SD (n = 3) and p<0.05 

was considered significant. 

 

Results 

Morphology of isolated OB- and OM-derived OECs 

According to our suggested protocol, OECs were successfully isolated from rat 

OB and OM (Fig. 1). As illustrated in Figure 2, isolated OECs at different time points 

had normal growth and proliferation rate. The morphology of OECs on day 7 post 

isolation procedure was spindle- to satellite-like shape. At this time point, both OB-

derived and OM-derived OECs exhibited the same morphology (Fig. 2a). Although, 
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at day 28 post isolation, the difference became apparent. At this time point, the 

majority of OB-derived OECs showed stellate-like multipolar morphology with 

short processes, unlike the majority of OM-derived OECs which exhibited spindle-

like bipolar morphology (Fig. 2b).  

Characterization of isolated OB- and OM-derived OECs 

Expression of NGFR p75 as a selective marker for OECs was visualized by 

immunofluorescence analysis. OM-derived OECs highly expressed NGFR P75 as 

well as OB-derived OECs (Fig. 3). Using this protocol, high purity of OECs-derived 

from both sources was achieved and confirmed. It should be noted that the NGFR 

P75 expression was higher in OB-derived OECs. 

OECs characterization was further verified by western blot against S100β protein, 

another specific marker for OECs. S100β protein expression was high in both OB- 

and OM-derived OECs, although this expression was increased in OM-derived 

OECs (Fig. 4a). Quantification of band densities highlighted the significant 

difference between the two OECs populations from different origins (P<0.05, t=2.9, 

df=4, Fig. 4b).  

Taken together, based on the principle that the adhesion potential of OECs is lower 

than that of fibroblasts and astrocytes, OECs were successfully screened of adhesive 

fibroblasts and astrocytes from both OB and OM of rats. 
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Cell viability of isolated OB- and OM-derived OECs 

The MTT assay was performed to evaluate the OECs viability at different time 

points. Our results demonstrated that cell viability was near 100% in both OB- and 

OM-derived OEC cultures at day 7 and day 14 post isolation. On day 28, there was 

a decrease in cell viability in OB-derived OECs culture, although the decrease was 

not significant, indicating that OB-derived primary OECs may be slightly vulnerable 

to death compared to the OM-derived OECs in primary cultures (P>0.05). 

Collectively, our new approach demonstrated that isolating OECs from both sources 

may not significantly alter the cell viably at least until 28 days post isolation. 

 

Discussion 

Recently, olfactory ensheathing cells are considered as alternative cell therapy in 

numerous different diseases. The regeneration potency of OECs (Doucette, 1990), 

secretion of neurotrophic and guidance factors (Barnett & Riddell, 2004; Barton, 

John, & Ekberg, 2017), phagocytosis ability (Su et al., 2013), migration capability 

(Hashemi et al., 2016) and restorative potential combined with an accessible non-

invasive source of OECs make them suitable for transplantation studies (Carvalho 

et al., 2019),. In this manner, autologous graft strategy may exert some promise due 
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to overcoming ethical issues (Granger, Blamires, & Jeffery, 2012; Muñoz-Quiles, 

Santos-Benito, & Ramón-Cueto, 2009; Tabakow et al., 2013). 

OECs, as glial-like cells, support and convoy the olfactory axons extend from 

nasal mucosa to olfactory bulb in their natural location (Carvalho et al., 2019). Either 

OM or OB can be considered as OECs source, hence OECs can be isolated from 

both of them, although there are other cell populations in each preparation (Yao et 

al., 2018). One of the major challenges of these methods is purification. There are 

different techniques to screen cells such as their size, but sometimes different cell 

types in a population have the nearly same size, as a result, we need an alternative 

method to separate them from each other. There is little evidence that addressed this 

point of view. 

Previous studies reported different isolation methods which harvested the OECs 

from OB or OM. In fact, OECs purification from a heterogeneous cell population is 

the most considerable issue prior to OEC transplantation studies. However, the 

isolation methods and their outcome show some controversy and variability based 

on the origin of the OECs. Among different methods for OECs purification, 

techniques based on cell-specific markers and isolation due to the differential 

adhesion properties are more frequently used. Usually, isolation OECs from OB 

employs immunofluorescent- combined with differential adherence-based 

purification while isolation OECs from OM utilize enrichment of the environment 
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(Reshamwala et al., 2020). The immuno-purification method relies on the expression 

of NGFR p75 as the most common and well-characterized selective hallmark of 

OECs or other relative markers such as S100β (Bianco, Perry, & Feron, 2004; 

Franceschini & Barnett, 1996; Gong et al., 1994; Novikova, Lobov, & Novikov, 

2011; Toft, Tomé, & Riddell, 2012; Torres-Espín, Hernández, & Navarro, 2013). It 

should be noted that there would be cells contamination in isolated OECs 

preparations whether from the OB or OM source due to trigeminal nerve Schwann 

cells. In our study, as shown in figure 4, S100β expression was higher in OM-derived 

OECs, probably due to the presence of numerous Schwann cells in the mucosa 

(Ziege, Baumgärtner, & Wewetzer, 2013). 

 The latter one, differential adhesion properties, is based on different time points 

that different cell types need to be attached to the surface according to their adhesion 

properties. This method was first published by Nash et al., 2001 (Nash, Borke, & 

Anders, 2001) to purify OB-derived OECs and later several studies utilized it with 

or without modifications (Huang et al., 2008). In 2011, Kueh (Kueh, Raisman, & Li, 

2011) utilized another method in which she and her colleagues seeded the primary 

cells into a poly-D-lysine (PDL) coated dish immediately. Every 3 days the medium 

was changed and for the first two mediums changing, the supernatant was collected 

and replated. On the other hand, in another study Rubio and colleagues (2008) 

demonstrated that OECs from primate’s bulb could be screened without sub 
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culturing in an uncoated plate (Rubio, Muñoz‐ quiles, & Ramón‐ cueto, 2008). 

Among all studies applying OECs as cell-based therapy, OB-derived OECs were the 

most commonly used, due to their higher purification efficacy compared to the purity 

of OM-OECs. Although it would be more valuable to use OM-derived OECs in 

clinics due to their non-invasive accessible source (Ekberg & St John, 2015; 

Franceschini & Barnett, 1996; Gorrie et al., 2010; Lima et al., 2006). There is only 

one study in which compared OECs with two different sources and reported that 

there was no significant difference in outcome among the two OECs populations 

(Mayeur et al., 2013). According to their result, it would be helpful to focus on 

isolated OECs from OM rather than OB due to their non-invasive accessible source.  

It should be noted that in all studies employing differential adhesion methods, OB-

derived OECs were used (Reshamwala et al., 2020). In fact, there is no study to 

mention the OM and OB derived-OECs difference based on cell differential 

adhesion method, therefore In this study, we reported for the first time that 

differential adhesion protocol with some specific modifications included time points 

for sub culturing and the speed of centrifugation could be used for isolating OECs 

from both OB and OM with high efficiency. According to the principle that the 

adhesion potential of OEC is lower than that of fibroblasts and astrocytes, we plated 

the harvested cells into an uncoated plate first for 36 h and the next step for 24 

additional hours. There has been a lot of trials and errors to get the best outcome. 
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Using our suggested method with the optimum time points, OECs were screened of 

adhesive fibroblasts and astrocytes and the purification efficacy was high in both 

OB- and OM-derived.  Interestingly, our follow-up analysis revealed that our 

isolation method did not affect the cell viability of primary OECs. It should be noted 

that OB-derived OECs were purer than OM-derived OECs as NGFR p75 expression 

was higher in OB-derived preparations while S100β expression was higher in OM-

derived preparations. In contrast, OM-derived OECs had a higher viability 

percentage over time, indicating that they are less vulnerable to cell death in primary 

cell preparations. Considering all aspects, OM-derived OECs are preferred for 

transplantation studies from a clinical point of view according to their non-invasive 

isolation method. 

In conclusion, our results from the current study suggest a novel procedure for 

isolating OECs from both natural sources, the olfactory bulb and the olfactory 

mucosa. The present purification process for harvested OECs is favored in 

comparison to other protocols, due to its effortlessness, effectiveness, cost- and time-

benefit. Additionally, olfactory mucosa-derived OECs isolated based on differential 

adhesion strategy had high purification and viability, so can be considered as a non-

invasive source for cell-based therapy in the future. 
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Fig. 1 Schematic of OECs isolation and purification from their two main sources. OECs can be 

harvested from preparations either from olfactory mucosa or olfactory bulb based on differential 

adhesion properties. Freshly biopsies obtained from both areas were transferred to an uncoated 

perti dish immediately. 36 h later the supernatant containing non-adherent OECs was transferred 

to another uncoated perti dish for an extra 24 h. In the end, the purified OECs were cultured in a 

coated petri dish. 
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Fig. 2 Morphological difference of purified OECs on day 7 and 28 post isolation. (a) Both olfactory 

bulb and olfactory mucosa-derived OECs showed extended spindle-like bipolar and stellate-like 

multipolar morphologies on day 7 post isolation. (b) On day 28 post isolation, the majority of 

olfactory bulb-derived OECs represented stellate-like multipolar morphology, whereas the 

majority of olfactory mucosa-derived OECs represented spindle-like bipolar morphology (Scale 

bar = 100 μm). 
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Fig. 3 Immunofluorescent characterization of purified OECs. Isolated OECs from both olfactory 

bulb and mucosa were immunostained by NGFR p75 as a selective marker for OECs. Both 

sources-derived OECs showed an adequate number of positive cells with slightly higher 

expression in olfactory bulb-derived OECs preparation, indicating high purification efficacy 

(Scale bar = 20 μm). 
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Fig. 4 Molecular characterization of purified OECs. (a) Western blot analysis (n=3) revealed that 

S100β expression as a selective marker for OECs was high in both olfactory bulb- and mucosa-

derived OECs. (b) Quantification analysis showed that the S100β expression is higher in olfactory 

mucosa-derived OECs preparations compared to the olfactory bulb-derived OECs preparations; 

probably due to the presence of numerous Schwann cells in mucosa (*P<0.05). Data are presented 

as mean ± SD. 
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Fig 5 Cell viability of purified OEC during different time points. MTT assay was performed to 

assess cell viability and data demonstrated that there was no significant difference in cell viability 

percentage at days 7, 14 and 28 post isolation between the olfactory bulb-derived and olfactory 

mucosa-derived cultures. Although there was a slightly visible decrease in cell viability at day 28 

in olfactory bulb-derived preparation, the decrease was not significant (P>0.05). Data are presented 

as mean ± SD. 

 

 


