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Abstract: Olfactory ensheathing cells (OECs) are a novel type of glial cell that can perform 

and promote many neurorestorative processes in vivo after transplant. To date, dozens of pre-

clinical and clinical studies have confirmed that OECs have unique restoring effects in animal 

models and human subjects with neurological degeneration or damage, such as spinal cord 

injury, stroke, cerebral palsy, traumatic brain injury, and motor neuron disease (amyotrophic 

lateral sclerosis). To ensure the safety and effectiveness of clinical applications utilizing this 

type of cell, it is important to standardize cell-culture and quality-control processes. Based on 

a comprehensive review of published clinical studies, as well as existing methods of OEC cul-

ture and quality control currently utilized by hospitals and biomedical enterprises, the Chinese 

Association of Neurorestoratology has developed a set of standards for the culture and quality 

control of olfactory ensheathing cells for use in clinical applications. These guidelines include 

standardized training and management procedures for laboratory operators; standardized use 

and management of materials and equipment; standardized collection, culture, and proliferation 

of OECs obtained from fetal olfactory bulbs; standardized management for cell preservation, 

transport, and related safeguard measures; and the standardization of a clean environment, routine 

maintenance, and related tests and examinations. Our goal in publishing this set of standards 

is to promote the worldwide safety, effectiveness, and replicability of utilizing OECs obtained 

from fetal olfactory bulbs for neurorestorative clinical application.

Keywords: standardization, cell culture, quality control, olfactory ensheathing glial cells, 

neurorestorative clinical application, neurorestoratology, translational medicine

Introduction
Olfactory ensheathing cells (OECs) are a special type of glial cell with multiple 

characteristics. Similar to astrocytes and oligodendrocytes in the central nervous 

system and Schwann cells in the peripheral nervous system, OECs are able to 

induce olfactory axonal growth and guide the elongation of axons through the bar-

rier between the peripheral and central nervous systems. OECs help in regenerating 

axonal nerve fibers go through glial scar tissue and promote remyelination. A large 

number of basic research and preclinical studies have confirmed that OECs have 

these unique central nervous system-neurorestorative effects in both animal models 

and human subjects.1–21

In order to ensure the safety, effectiveness, and replicability of OEC utilization 

for neurorestorative clinical applications, it is important to standardize cell-culture 

and quality-control processes. The Chinese Association of Neurorestoratology has 

developed the set of guidelines herein based on the guidelines for OEC preparation 
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specified in current clinical studies,22–36 as well as the stan-

dards of OEC culture and quality control utilized by hospitals 

and biomedical enterprises.37–39 These guidelines include 

standardized training and management procedures for labora-

tory operators; standardized use and management of mate-

rials and equipment; standardized collection, culture, and 

proliferation of OECs obtained from fetal olfactory bulbs; 

standardized management for cell preservation, transport, 

and related safeguard measures; and the standardization of 

a clean environment, routine maintenance, and related tests 

and examinations.

Standardized training and 
management for operators
There should be at least one senior-level or higher professional-

level laboratory operator who is responsible for overseeing 

the cell-culture laboratory. Laboratory personnel should have 

a background in cell biology and receive systematic and 

professional training in cell-culture techniques and quality 

control for OECs. Basic standardized training items include 

knowledge learning, skill development, and familiarity with 

applicable rules and regulations. Training methods include 

system learning, practical training led by teachers, small 

seminars, symposia, and conferences. Training goals include 

mastering professional knowledge, cell-culture techniques, 

and quality-control processes for OECs obtained from fetal 

olfactory bulbs. A standardized management system should 

be established, including filling and keeping original work 

records and data, complying with the laboratory-maintenance 

standard operating procedures and current Good Manufacture 

Practice, and completing operating records.

Standardized use and management 
of materials and equipment
Cell-culture laboratories must be managed by a designated 

person who is responsible for equipment maintenance, 

regular calibration, and personnel training. The designee 

should maintain normal operational status within the labora-

tory and also establish and manage the equipment quality-

certification file records. The temperature should be kept at a 

consistent 37°C and the concentration of CO
2
 at 5%. Objects 

should be kept for centrifugation in balance. Distilled water 

for the water-bath box should be changed and disinfected 

at least once a month. Inverted microscope lenses should 

be cleaned after using an oil mirror. The power should be 

turned off and the microscope s covered after each use. For 

superclean benches or biological safety cabinets, operation 

guidance for procedures should be strictly followed. After 

finishing each program or procedure, the designated person 

should determine whether all instruments are working appro-

priately. The power should be turned off for equipment not 

in use. Interventions should be written down systemically 

in the records.

OEC-culture process
Donor selection
Female donors should have no history of infectious disease, 

such as HIV, hepatitis B, hepatitis C, or syphilis. Fetuses 

should be at least 12 gestational weeks old without brain 

malformations. The cell-procurement team should carry out 

informed-consent processes with potential donors and their 

families. After understanding and consenting to the dona-

tion, both the female donor and her family should sign the 

informed-consent form. The process must be approved by 

the relevant hospital ethics committees.37,40 Samples should 

be kept in a sterile bag and then placed in the freezer, with 

delivery to the laboratory as soon as possible.

Cell-culture medium
The cell-culture medium should consist of basal medium and 

serum substitute. Basal medium components include DF12 

(DMEM:F12 1:1). Serum substitutes include transferrin, 

sodium selenate, biotin, insulin, glutamine, and bFGF. All 

materials must meet the quality standards of sterile, apatho-

genic microorganisms and endotoxins.

Olfactory-bulb OEC-preparation steps
1. Fetal remains should be disinfected using alcohol. To 

isolate the olfactory bulb, the fetal scalp must be cut, the 

skull removed, and the dura mater peeled.

2. Olfactory-bulb tissue should be placed on a sterile culture 

dish and transferred to the clean bench with DF12 rinse 

three times, removing the surface of any remaining blood.

3. Stripping tweezers should be used carefully to remove the 

soft membrane and blood vessels on the olfactory-bulb 

surface using a dissecting mirror. Operating procedures 

should be gentle to maintain the integrity of the tissue.

4. The olfactory bulb should be stripped onto a 35 mm 

glass plate, following DF12 culture-medium washing 

again, and adding 5–10 drops of DF12, with ophthalmic 

scissors repeatedly cutting. Attention should be focused 

on cutting the relatively large tissue block, but we should 

try to avoid further damage to the already-small-enough 

tissue block. Size of 0.5–1 mm3 is needed.
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5. Broken-down pieces of tissue should be taken into the 

centrifuge tube and then 5 mL of DF12 culture medium 

added, with gentle blowing back and forth by elbow suc-

tion tube to avoid physical damage to the cells.

6. Fetal tissue should undergo 1,000 revolution/minute 

centrifugation for 5 minutes. The supernatant should be 

removed, and then cleaning with DF12 repeated three 

times.

7. Serum (13%) should be added, with gentle blowing back 

and forth by an elbow suction tube. The suspension should 

be suctioned into a 25 cm2 culture bottle.

8. Liquid (4 mL) should be added per bottle in order to 

slow down rotation of the culture bottle and enable the 

tissue block to adhere evenly to the wall. Cells should be 

cultured in a 5% CO
2
 incubator at 37°C.

9. Based on cell growth, add half-volume change fluid using 

serum-free liquid for 3 days or so.

10. At 7–10 days later, if cells are growing well and cover 

the flask bottle, they can be used for clinical application 

or frozen and stored.

OEC-cryopreservation and -recovery 
steps
1. The culture broth should be aspirated and 2 mL DF12 

added to each flask. Add 4 mL DF12 to each flask and 

blow the cells from the side with a thick elbow pipette to 

avoid foaming.

2. After centrifugation at 1,000 revolutions/minute for 5 

minutes, cells are corrected and then added to the cell-

cryopreservation solution.

3. Use a coarse elbow gently to blow and mix the cells into 

the cryopreservation tube. Mark the cell number, orga-

nization number, and make a good record of storage.

4. Carry out a cryopreservation program of 4°C, for 45 

minutes, –20°C for 1 hour, and –80°C for 12 hours, and 

then place the sample into the liquid-nitrogen tank.

5. To resuscitate the sample for use in clinical applications, 

remove the frozen tube from the liquid-nitrogen tank and 

quickly immerse it into a hot 38.5°C water bath, continu-

ously shaking to induce thawing as soon as possible. Use 

sterile gauze to dry the surface of any excess water, and 

then use a straw to suction out the cell suspension to a ster-

ile 15 mL centrifuge tube. Then, add 10 mL DF12 culture 

liquid, blow on the cell suspension, and use the centrifuge 

for 5 minutes (1,000 revolutions/minute). Then, discard 

the supernatant and use DF12-culture medium rinse three 

times. Add the culture medium to a culture flask.

6. The number of cryopreserved cells should reach 107/mL, 

and the number of cells should be approximately 5×105/

mL after 1:20 dilution.

OEC quality-control standards
Detection of exogenous factors in cell 
products
Follow the current version of the Chinese Pharmacopoeia 

relating to biological products in order to detect any exog-

enous bacteria, fungi, mycoplasma, and endotoxins.

Cell activity
Using placental blue staining, cell activity should reach more 

than 95%.

Cell immunophenotype
Use p75NGFR (low-affinity neurotrophic factor receptor) and 

fibronectin-immunofluorescence staining to identify OECs. 

The sample should reach a positive rate of 90%.

Tumorigenicity
According to results of clinical research of allogeneic 

olfactory-bulb OECs, there should be no tumorigenesis in 

the tested sample.

Cell-quality control and management
Cell products must be double-reviewed before use in any 

clinical transplant treatments. Laboratory personnel are 

responsible for performing the double quality review and 

testing, and should sign a standardized form indicating that 

all checks have been carried out satisfactorily.37

Numbers of clinical cells
Follow guidelines for the use of cells in the application of 

neurorestorative cell therapy.41,42 The number of cells in the 

provided sample and generation times should be documented.

Temperature and time control during 
clinical cell transport
After the cell product is prepared, the temperature of the 

biosafety transport box should be kept at a constant 4°C and 

the cells transplanted within 2 hours.39,43

Management of cell bank
Files of OEC clinical therapeutic applications and a cell-

bank management system should be established according 

to cell sources, number of culture passages, location in 
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the  liquid-nitrogen tank, date of cryopreservation, human 

leukocyte-antigen matching, and other relevant details.

Summary
Formulating common standards for OEC culture and qual-

ity control is crucial for the standardization of clinical 

neurorestorative therapy. Our goal in publishing this set 

of standards is to promote the worldwide safety, effective-

ness, and replicability of utilizing OECs for clinical neu-

rorestorative application. These guidelines represent the 

minimum required standards of OEC culture and quality 

control for use in current clinical neurorestorative therapy. 

These standards will be further optimized and improved in 

the future according to progress made in preclinical and 

clinical studies.
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