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Abstract
Mesenchymal stem cells (MSCs) have attracted great interest for cell therapy and 
tissue regeneration due to their self-renewal capacity, multipotency and potent im-
munomodulatory effects on immune cells. However, heterogeneity of MSCs has 
become a prominent obstacle to limit their translation into practice, as cells from dif-
ferent tissue sources or each individual have great differences in their transcriptomic 
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1  |  INTRODUC TION

Mesenchymal stem cells (MSCs) are multipotent stromal cells ex-
isting in many human tissues, and characterized by differentiat-
ing into mesodermal lineage cells. The term MSCs was coined by 
Caplan in 1991. Since Friedenstein and coworkers described the 
first isolation of MSCs from bone morrow, MSCs have been de-
rived from lots of tissues. In 2006, the International Society for 
Cell Therapy (ISCT) proposed three criteria for the identification 
of MSCs: (1) demonstration of plastic-adherent growth; (2) ex-
pression of CD105, CD73 and CD90; and a lack of expression of 
CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA-DR and 
(3) demonstration of the ability to differentiate into osteoblasts, 
adipocytes, chondroblasts in vitro.

Mesenchymal stem cells have attracted great interest for cell 
therapy and tissue regeneration due to their self-renewal capacity, 
multipotency and potent immunomodulatory effects on immune 
cells. However, heterogeneity of MSCs has become a prominent 
obstacle to limit their translation into practice, as cells from differ-
ent tissue sources or each individual have great differences in their 
transcriptomic signatures, differentiation potential and biological 
functions. In addition, expansion protocols and passage number also 
associated with their functional properties. Therefore, it is import-
ant to consider establishing quality control and technical specifica-
tions for MSCs, not just their identification.

‘Human Mesenchymal Stem Cells’ is the guidelines on hMSC in 
China, jointly drafted and agreed upon by experts from the Chinese 
Society for Stem Cell Research. This consensus standard for MSCs 
was established based on their basic biological characteristics, mi-
crobiological safety, biological safety and biofunctional properties 
This standard specifies the technical requirements, test methods, 
test regulations, instructions for use, labelling requirements, pack-
aging requirements, storage requirements, transportation require-
ments and waste disposal requirements for human mesenchymal 
stem cells (hMSC), which is applicable to the quality control for 

hMSC. The guideline of MSCs has been originally released by the 
China Society for Cell Biology on 9 January 2021. Now it is trans-
lated into an English version. We hope that publication of these 
guidelines will facilitate institutional establishment, acceptance 
and execution of proper protocols, and accelerate the international 
standardization of hMSC for clinical development and therapeutic 
applications.

2  |  HUMAN MESENCHYMAL STEM CELL S 
STANDARD

2.1  |  Scope

This document specifies the technical requirements for hMSC, and 
requirements for test methods, test regulations, instructions for use, 
labelling, packaging, storage, transportation and waste disposal.

This standard is applicable for the production and testing of 
hMSC.

2.2  |  Normative references

The following content constitute indispensable articles of this stand-
ard through normative reference. For dated references, only the edi-
tion cited applies. For undated references, only the latest edition 
(including all amendments) applies.

GB/T 6682 Water for analytical laboratory use – Specification and 
test methods.

WS213 Diagnosis for hepatitis C.
WS273 Diagnosis for syphilis.
WS293 Diagnosis for HIV/AIDS.
T/CSCB 0001-2020 General requirements for stem cells.
Pharmacopoeia of the People's Republic of China.
National Guide to Clinical Laboratory Procedures.

Grant/Award Number: XDA16040501, 
XDA16040502 and XDA16040504; 
the Key Scientific and Technological 
Projects of Guangdong Province, Grant/
Award Number: 2019B020234001, 
2019B020235002 and 2019B020236004; 
National Natural Science Foundation of 
China, Grant/Award Number: 31771616, 
81730005 and 81970109; the National 
Key Research and Development Program 
of China, Stem Cell and Translational 
Research, Grant/Award Number: 
2017YFA0105501, 2018YFA0107203, 
2018YFA0108400 and 2018YFE0204400; 
the Key Scientific and Technological 
Program of Guangzhou City, Grant/Award 
Number: 201803040011

signatures, differentiation potential and biological functions. Therefore, there is an ur-
gent need for consensus standard for the quality control and technical specifications 
of MSCs. ‘Human Mesenchymal Stem Cells’ is the latest set of guidelines on hMSC 
in China, jointly drafted and agreed upon by experts from the Chinese Society for 
Stem Cell Research. This standard specifies the technical requirements, test methods, 
test regulations, instructions for use, labelling requirements, packaging requirements, 
storage requirements, transportation requirements and waste disposal requirements 
for hMSC, which is applicable to the quality control for hMSC. It was originally re-
leased by the China Society for Cell Biology on 9 January 2021. We hope that pub-
lication of these guidelines will facilitate institutional establishment, acceptance and 
execution of proper protocols, and accelerate the international standardization of 
hMSC for clinical development and therapeutic applications.



    |  3 of 11CHEN et al.

2.3  |  Terms and definitions

For the purpose of this document, the terms and definitions in T/
CSCB 0001, T/CSCB 0002 and following terms and definitions apply 
to this document.

2.3.1  |  Human mesenchymal stem cells

A type of stem cells exhibit a fibroblast-like morphology (spindle 
and fusiform) after adherent culture, and possess the ability to self-
renew and differentiate into the osteogenic, adipogenic and chon-
drogenic lineages in vitro.

Note 1 to entry: hMSC can not only be isolated from multiple 
tissues (such as bone marrow, umbilical cord, placenta, adipose 
tissue, umbilical cord blood et al) but also be obtained by differ-
entiation or transdifferentiation. hMSC from different sources 
have differences in gene expression profile and differentiation 
potential.

2.4  |  Abbreviations

The following abbreviations are applicable for this document.
CD: cluster of differentiation.
DNA: deoxyribonucleic acid.
EBV: Epstein – Barr virus.
HBV: hepatitis B virus.
HCMV: human cytomegalovirus.
HCV: hepatitis C virus.
HIV: human immunodeficiency virus.
HLA-DR: human leukocyte antigen-DR.
HTLV: human T-lymphotropic virus.
IDO: indoleamine 2, 3-dioxygenase.
IFN-γ: interferon gamma.
TNF-α: tumour necrosis factor alpha.
PCR: polymerase chain reaction.
STR: short tandem repeat.
TP: treponema pallidum.

2.5  |  Technical requirements

2.5.1  |  Source materials and ancillary materials

1.	 The source materials, reagents, consumables and other ancillary 
materials and/or supplies (eg gases) shall meet the requirements 
of T/CSCB 0001.

2.	 To ensure the safety of the donor and the donated cells, the pro-
cess for donor evaluation and screening, cell collection, transpor-
tation and receipt shall be standardized.

3.	 Donors shall be screened for HIV, HBV, HCV, HTLV, EBV, HCMV, 
TP and the results shall be documented.

2.5.2  |  Primary quality attributes

1. Cell morphology

Cells under adherent culture shall exhibit a fibroblast-like mor-
phology (spindle and fusiform), and uniform morphology.

2. Chromosome karyotype
The normal karyotype shall be 46, XX or 46, XY.
3. Cell viability
The cell viability shall be ≥90% prior to cryopreservation, and 

≥70% after thawing.
4. Cell surface markers
The expressions of CD105, CD73 and CD90 shall be ≥95% of the 

cell population, and the expression of CD11b, CD19, CD31, CD34, 
CD45 and HLA-DR shall be ≤2% of the cell population.

5. Immunomodulatory capacity
Cells shall be induced to express indoleamine 2,3-dioxygenase 

(IDO) with the treatment of inflammatory factors (IFN-γ or IFN-γ + 
TNF-α). Additionally, after co-cultured with T cells, these cells shall 
broadly suppress T cell proliferation and the secretion of IFN-γ and 
TNF-α.

6. Tri-lineage differentiation capacity
Cells shall be able to differentiate to osteoblasts, adipocytes and 

chondroblasts under standardized differentiating conditions in vitro.
7. Tumorigenesis
Cells shall be negative for in vivo tumorigenicity testing using 

immunodeficient animal model (such as immunodeficient mice).
8. Microorganisms
Cells shall be negative for fungi, bacteria, mycoplasma, HIV, HBV, 

HCV, HTLV, EBV, HCMV and TP.

2.5.3  |  Process control

1.	 The process of cell expansion, cryopreservation, cell thawing 
and other cell manufacturing shall follow the requirements of 
T/CSCB 0001-2020.

2.	 The STR test results of cell products shall be consistent with STR 
of the donor cell.

2.6  |  Test methods

2.6.1  |  Cell morphology

Observe the morphology of cells grown in 2D condition using a 
microscope.

2.6.2  |  Chromosome karyotype

The method in the Pharmacopoeia of the People's Republic of China 
shall be followed.
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2.6.3  |  Cell viability

The method in Appendix A shall be followed.

2.6.4  |  Cell surface markers

The method in Appendix B shall be followed.

2.6.5  |  Immunomodulatory capacity

1. The induced expression of IDO

The method in Appendix C shall be followed. 
2. The suppression of T cell proliferation
The method in Appendix D shall be followed. 
3. The suppression of secretion of IFN-γ and TNF-α by T cells
The method in Appendix E shall be followed.

2.6.6  |  Tri-lineage differentiation capacity

1. Osteogenic differentiation

The method in Appendix F shall be followed. 
2. Adipogenic differentiation
The method in Appendix G shall be followed. 
3. Chondrogenic differentiation
The method in Appendix H shall be followed.

2.6.7  |  Tumorigenesis

The method in Appendix I shall be followed.

2.6.8  | Microorganisms

1. Fungi

The ‘1101 Sterility Inspection Method’ in Pharmacopoeia of the 
People's Republic of China (Volume IV) shall be followed.

2. Bacteria
The ‘1101 Sterility Inspection Method’ in Pharmacopoeia of the 

People's Republic of China (Volume IV) shall be followed.
3. Mycoplasma
The ‘3301 Mycoplasma Inspection Method’ in Pharmacopoeia of 

the People's Republic of China (Volume IV) shall be followed.
4. HBV
The method in National Guide to Clinical Laboratory Procedures 

shall be followed.
5. HCV

The method in WS 293 shall be followed.
6. HIV
The method in WS 293 shall be followed.
7. HTLV
The method in National Guide to Clinical Laboratory Procedures 

shall be followed.
8. EBV
The method in National Guide to Clinical Laboratory Procedures 

shall be followed.
9. HCMV
The method in National Guide to Clinical Laboratory Procedures 

shall be followed.
10. TP
The method in WS 293 shall be followed.

2.7  |  Inspection rules

2.7.1  |  Sampling method

1.	 Cells produced from the same production cycle, same produc-
tion line, same source, same passage and same method are 
considered to be the same batch.

2.	 Three smallest units of packaging shall be randomly sampled from 
the same batch.

2.7.2  |  Quality inspection and release

1.	 Each batch of products shall be subject to the qualify in-
spection before release, and inspection reports shall be 
attached.

2.	 The quality inspection items shall include all the attributes speci-
fied in 2.5.2.

2.7.3  |  Review inspection

Review inspection shall be performed by professional cytological 
testing institutions or laboratories as necessary.

2.7.4  |  Decision rules

1.	 Products that pass all requirements in 2.5.2 for the qual-
ity inspection for release are considered to be qualified. 
Products that fail to pass one or more requirements in 2.5.2 
for the quality inspection for release are considered to be 
unqualified.

2.	 Products that pass all requirements in 2.5.2 for the quality review 
inspection are considered to be qualified. Products that fail to 
pass one or more requirements in 2.5.2 for the review inspection 
are considered to be unqualified.
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2.8  |  Instructions for usage

The instructions for usage shall include, but not limited to:

a.	 Product name;
b.	 Passage number;
c.	 Cell numbers;
d.	 Production date;
e.	 Lot number;
f.	 Production organization;
g.	 Storage conditions;
h.	 Shipping conditions;
i.	 Operation manual;
j.	 Execution standard number;
k.	 Manufacturing address;
l.	 Contact information;
m.	 Postal code;
n.	 Matters that need attention.

Note 1 to entry: Endotoxin content can be listed according to 
user needs.

2.9  |  Labels

The label shall include but not limited to:

a.	 Product name;
b.	 Passage number;
c.	 Cell number;
d.	 Lot number;
e.	 Production organization;
f.	 Production date.

2.10  |  Package, storage and transportation

2.10.1  |  Package

The appropriate materials and containers shall be selected to ensure 
maintenance of the primary quality attributes of hMSC.

2.10.2  |  Storage

1.	 T/CSCB 0001-2020 shall be followed.
2.	 Cell products shall be stored at a temperature below −130℃.

2.10.3  |  Transportation

1.	 T/CSCB 0001-2020 shall be followed.

2.	 Cryopreserved cell products shall be transported in dry ice or at 
a temperature below −130℃. Non-frozen cells are recommended 
for refrigerated transportation (2℃ ~ 8℃).

2.11  |  Waste disposal

The waste generated during manufacturing and testing of hMSC 
shall be disposed following the requirements of T/CSCB 0001-2020.
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APPENDIX A

NORMATIVE APPENDIX:  CELL VIABILIT Y TE S T (CELL 
ENUMER ATION ME THOD)
A.1 Instruments
A.1.1 Microscope.
A.1.2 Haemocytometer.
A.2 Reagents
Unless otherwise stated, all reagents used shall be analytical 
grade. The water used for testing shall be deionized water.
A.2.1 Phosphate-buffered saline (PBS): pH 7.4.
A.2.2 Trypan blue solution: dilute to 0.4% (W/V) with phosphate-

buffered saline (A.2.1).
A.3 Testing protocol
A.3.1 Preparation of cell suspension
Harvest and suspend the cells with appropriate volume of 
Phosphate-buffered saline (A.2.1). The cells in the haemocytom-
eter shall be 20 ~ 50 cells/mm2. Serial dilution is necessary if the 
number of cells exceeds 200 per haemocytometer.
A.3.2 Trypan blue staining
Evenly mix the Trypan blue solution (A.2.2) with the cell suspen-
sion (A.3.1) at a volume ratio of 1:1.

A.3.3 Cell counting

Load the haemocytometer (A.1.2) with 10 μL of the trypan blue-
labelled sample (A.3.2). Make sure the entire chamber is filled 
with the testing sample. Stand for 30 seconds, count the stained 
cells and the total number of cells respectively.
For the 16 × 25 counting chamber, use the four 1 mm2 medium 
squares at the top left, top right, bottom left and bottom right of 
the chamber (ie 100 small squares) for counting. For the 25 × 16 
counting chamber, use the five 1 mm2 medium squares at the top 
left, top right, bottom left, bottom right and centre of the cham-
ber (i.e. 80 small squares) for counting. When there are cells on 
the lines of the large square, only cells on the top line and left line 
of the large square can be counted (or alternatively only cells on 
the bottom line and right line).
Repeat steps A.3.2 ~ A.3.3 for another sample.

A.3.4 Cell survival rate calculation
A.4 Calculation and analysis
Cell viability is calculated according to equation (A1)

In this equation: M—total number of cells. S—number of stained 
cells.
The viability of cells is the mean of two duplicate samples.

A.5 Accuracy
The absolute difference value between the two independent tests 
by the independent inter-examiner, under the same conditions, 
shall not exceed 10% of their arithmetic mean.

APPENDIX B

NORMATIVE APPENDIX:  DE TEC TION OF CELL SUR-
FACE MARKERS (FLOW C Y TOME TRY )
B.1 Instruments
B.1.1 Flow cytometer.
B.1.2 Bench-top centrifuge.
B.1.3 Electronic balance.
B.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
B.2.1 Phosphate-buffered saline (PBS): pH7.4.
B.2.2 Bovine serum albumin (BSA): Purity ≥98%.
B.2.3 Sodium azide (NaN3).
B.2.4 Antibodies (including Anti-human CD105, CD73, CD90, 

CD11b, CD19, CD31, CD34, CD45, HLA-DR antibodies and isotype 
control antibodies).

Note 1 to entry: Make sure all the antibodies work well accord-
ing to the manufacturer’s instructions. Live or dead cell staining 
could be used where necessary.
B.2.5 Use electronic balance (B.1.3), prepare the following so-

lutions according to the relative requirements for flow cytometry: 
wash solution, antibody dilution solution.

(A1)Cell viability = (M − S) ∕M × 100%

	 6.	 Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria for de-
fining multipotent mesenchymal stromal cells. The international 
society for cellular therapy position statement. Cytotherapy. 
2006;8(4):315-317.

	 7.	 Krampera M, Galipeau J, Shi Y, Tarte K, Sensebe L, MSC 
Committee of the International Society for Cellular Therapy (ISCT). 
Immunological characterization of multipotent mesenchymal stro-
mal cells–the international society for cellular therapy (ISCT) work-
ing proposal. Cytotherapy. 2013;15(9):1054-1061.

	 8.	 Caplan AI. Mesenchymal stem cells. J Orthop Res. 1991;9(5):641-650.
	 9.	 Friedenstein AJ, Chailakhjan RK, Lalykina KS. The development of 

fibroblast colonies in monolayer cultures of guinea-pig bone mar-
row and spleen cells. Cell Tissue Kinet. 1970;3(4):393-403.

	10.	 Uccelli A, Moretta L, Pistoia V. Mesenchymal stem cells in health 
and disease. Nat Rev Immunol. 2008;8(9):726-736.

	11.	 McLeod CM, Mauck RL. On the origin and impact of mesenchymal 
stem cell heterogeneity: new insights and emerging tools for single 
cell analysis. Eur Cell Mater. 2017;27(34):217-231.

	12.	 Phinney DG. Functional heterogeneity of mesenchymal stem cells: 
implications for cell therapy. J Cell Biochem. 2012;113(9):2806-2812.

	13.	 Hoch AI, Leach JK. Concise review: optimizing expansion of bone 
marrow mesenchymal stem/stromal cells for clinical applications. 
Stem Cells Transl Med. 2014;3(5):643-652.
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B.3 Sample storage
The wash solution and fixed samples shall be stored at 2 ~ 8°C. 
Antibodies shall be stored according to the manufacturer’s 
instructions.

B.4 Testing protocol
B.4.1 Sample preparation
Collect samples by centrifuging single-cell suspensions with 
bench-top centrifuge (B.1.2) at 300 g for 4 min and discard the 
supernatant. Wash the cell samples with an appropriate volume 
of wash solution, then collect samples by centrifuging at 300 g 
for 4 min and discard the supernatant.
B.4.2 Antibody incubation
Incubate the samples with the diluted antibodies according to 
the manufacturer’s instructions. Wash the cell samples with an 
appropriate volume of wash solution for 2 times, then centrifuge 
at 300 g for 4 min and discard the supernatant.
B.4.3 Filter and detection
Resuspend the samples with wash solution and then transfer 
the cell suspension into flow cytometry tube passed through 
a 40µm mesh filter. Load the samples into the flow cytome-
ter and perform detection according to the manufacturer’s 
instruction.
B.4.4 Gating
Gate the population of target cells based on particle size and 
granularity, excluding cell debris and other irrelevant particles. 
The gating of positive staining cells shall be determined by the 
fluorescence intensity using isotype controls as a reference. 
Both positive and negative experimental controls shall be set up 
for gating and the following analysis.

B.5 Analysis of results
Analyse the results using software according to manufacturer’s 

instructions.

APPENDIX C

NORMATIVE APPENDIX:  DE TEC TION OF INDUCED IDO 
E XPRE SSION (PCR A SSAY )
C.1 Instruments
C.1.1 Nucleic acid quantification machine.
C.1.2 PCR-Cycler.
C.1.3 Electrophoresis apparatus
C.1.4 Gel imager
C.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
C.2.1 Human recombinant IFN-γ and human recombinant TNF-α.
C.2.2 RNA extraction kit.
C.2.3 Reverse transcription kit.
C.2.4 PCR primers.
C.2.5 Taq DNA polymerase.
C.2.6 Ladders.
C.3 Testing protocol

C.3.1 Treat the human mesenchymal stem cells with IFN-γ or 
IFN-γ + TNF-α

Calculate the living cell concentration of human mesenchy-
mal stem cells (hMSC) suspension according to the method in 
Appendix A. Seed hMSC at a density of 1 × 105 ~ 4 × 105 cells/
cm2, then culture with IFN-γ (10 ~ 30 ng/mL) or IFN-γ (10 ~ 30 ng/
mL) + TNF-α (10 ~ 30 ng/mL), for 12 ~ 36 h. At the same time, 
hMSC culture without IFN-γ or IFN-γ + TNF-α are set up as the 
control group and cultured for the same time.
C.3.2 Extraction of cellular RNA
Perform RNA extraction according to the manufacturer’s in-
structions and use a nucleic acid quantification machine (C.1.1) 
for nucleic acid content determination.
C.3.3 Reverse transcription-polymerase chain reaction (RT-PCR)
Perform reverse transcription to acquire cDNA and amplify the 
gene of IDO via PCR-Cycler (C.1.2) according to the manufactur-
er’s instructions.
C.3.4 Electrophoresis of PCR products
Use electrophoresis apparatus (C.1.3) for electrophoresis test-
ing that shall be performed according to the manufacturer’s 
instructions.

C.3.5 Gel imaging.
Perform the Gel imaging via Gel imager (C.1.4) according to the 
manufacturer’s instructions.

C.4 Analysis of results
The expression of IDO is detected in hMSC cultured with IFN-γ 
or IFN-γ  +  TNF-α, while it is undetectable in hMSC without 
stimulation.

APPENDIX D

NORMATIVE APPENDIX:  T- CELL PROLIFER ATION IN -
HIBITION A SSAY (CFSE A SSAY )
D.1 Instruments
D.1.1 Haemocytometer.
D.1.2 Microscope.
D.1.3 Bench-top centrifuge.
D.1.4 Flow cytometer.
D.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
D.2.1 Phosphate-buffered saline (PBS): pH7.4.
D.2.2 Cell dissociation enzyme.
D.2.3 Trypan Blue Solution: dilute to 0.4% (W/V) with phosphate-

buffered saline (D.2.1).
D.2.4 Phytohaemagglutinin, PHA
D.2.5 Leukocyte separation solution (Ficoll)
D.2.6 Antibodies (such as anti-CD3 antibody)
D.2.7 Carboxyfluorescein diacetate succinimidyl ester (CFSE)
D.3 Testing protocol
D.3.1 T-cell separation and staining
D.3.1.1 T-cell separation
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Use Ficoll (D.2.5) to separate peripheral blood mononuclear 
cells (PBMC) and wash twice with an appropriate volume of 
sterile phosphate-buffered saline (D.2.1) by bench-top cen-
trifuge (D.1.3). Incubate the samples with the diluted anti-
bodies and then wash twice with an appropriate volume of 
sterile phosphate-buffered saline (D.2.1) by bench-top centri-
fuge (D.1.3). Resuspend the samples and dilute the cell suspen-
sion to 5 × 107 cells/mL with wash solution and then transfer 
the cell suspension into flow cytometry tube passed through 
a 40µm mesh filter. Load the samples into the flow cytometer 
(D.1.4) and perform cell sorting according to the manufacturer’s 
instructions.
D.3.1.2 T-cell staining
Use haemocytometer (D.1.1) and microscope (D.1.2) to calculate 
the living cell concentration of T cells according to the method in 
Appendix A. Label T cells with CFSE according to the manufac-
turer’s instructions.
D.3.2 Co-culture T cells with human mesenchymal stem cells
D.3.2.1 T-cell proliferation
Use haemocytometer (D.1.1) and microscope (D.1.2) to calculate 
the living cell concentration of CFSE-labelled T-cell suspension 
according to the method in Appendix A. Seed the T cells at a 
density of 1 × 106 cells/cm2 and stimulate with 2 ~ 5 µg/mL PHA 
(D.2.4). T cells culture without PHA are set up as the control 
group. After 96 h culture, the percentage of T-cell proliferation 
after stimulation is detected and record it as A.
D.3.2.2 Suppression of T-cell proliferation by human mesenchy-

mal stem cells
Use cell dissociation enzyme to dissociate human mesenchymal 
stem cells (hMSC) and prepare as single-cell suspension. Use 
haemocytometer (D.1.1) and microscope (D.1.2) to calculate the 
living cell concentration of hMSC suspension according to the 
method in Appendix A. Seed the hMSC at a density of 2 × 105 
cells/cm2. Then, co-culture with CFSE-labelled T cells at a ratio 
of 5:1 (T cells: hMSC) in the present of 2 ~ 5 µg/mL PHA (D.2.4). 
After 96 h culture, the percentage of T-cell proliferation that cul-
tured with hMSC is detected and record it as C.
D.3.3 Collection and detection of T cells
Collect the T cells (D.3.2) and wash T-cell samples twice with 
sterile phosphate-buffered saline (D.2.1) by bench-top centri-
fuge (D.1.3), then transfer the cell suspension into flow cytom-
etry tube passed through a 40 µm mesh filter. Load the samples 
into the flow cytometer (D.1.4) and perform detection according 
to the manufacturer’s instructions.

D.3.4 Gating
Gate the population 1 of target cells based on particle size and 
granularity, excluding cell debris and other irrelevant particles. 
Then, gate the parent population (zeroth generation) in popu-
lation1 according to the fluorescence intensity of T cells with-
out PHA stimulation and gate the proliferating cells assigned as 
population 2 (the percentage of T-cell proliferation) based on the 
position of parent population.

D.4 Analysis of results

Analyse the results using software according to manufacturer’s 
instructions and calculate the inhibition rate of hMSC on T-cell 
proliferation.
Inhibition rate is calculated according to equation (D1):

In this equation: A—the percentage of the proliferating T cells with-
out hMSC. C—the percentage of the proliferating T cells that cul-
tured with hMSC.

APPENDIX E

NORMATIVE APPENDIX:  INHIBITION A SSAY OF IFN -Γ 
AND TNF-Α  SECRE TION BY T CELL S ( INTR ACELLUL AR 
C Y TOKINE S TAINING , IC S)
E.1 Instruments
E.1.1 Haemocytometer.
E.1.2 Microscope.
E.1.3 Bench-top centrifuge.
E.1.4 Flow cytometer.
E.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
E.2.1 Phosphate-buffered saline (PBS): pH7.4.
E.2.2 Cell dissociation enzyme.
E.2.3 Trypan Blue Solution: dilute to 0.4% (W/V) with phosphate-

buffered saline (E.2.1).
E.2.4 Phorbol ester (PMA).
E.2.5 Leukocyte separation solution (Ficoll).
E.2.6 Antibodies (such as anti-CD3, anti-IFN-γ and anti-TNF-α 

antibodies).
E.2.7 Brefeldin A (BFA).
E.2.8 Ionomycin.
E.2.9 Saponin.
E.2.10 4% PFA.
E.3 Testing protocol
E.3.1 T-cell separation
Use Ficoll (E.2.5) to separate peripheral blood mononuclear cells 
(PBMC) and wash twice with an appropriate volume of ster-
ile phosphate-buffered saline (E.2.1) by bench-top centrifuge 
(E.1.3). Incubate the PBMC with the diluted antibodies (E.2.6) 
and then wash twice with an appropriate volume of sterile 
phosphate-buffered saline (H.2.1). Resuspend the PBMC and di-
lute the cell suspension to 5 × 107 cells/mL with wash solution 
and then transfer the cell suspension into flow cytometry tube 
passed through a 40 µm mesh filter. Load the samples into the 
flow cytometer (E.1.4) and perform T-cell sorting according to 
the manufacturer’s instructions.

(D1)Inhibition rate = (A − C) ∕A × 100%
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E.3.2 Co-culturing of T cells with human mesenchymal stem cells
E.3.2.1 T-cell inflammatory factor secretion
Use haemocytometer (E.1.1) and microscope (E.1.2) to calculate 
the living cell concentration of T-cell suspension according to the 
method in Appendix A. Seed T cells at a density of 1 × 106 cells/
cm2 and culture for 48 h. Add 50 ng/mL PMA (E.2.4), 1 μg/mL 
ionomycin (E.2.8) and 10 μg/mL BFA (E.2.7) to the culture system 
4 ~ 6 h before the end of the culture. Detect the proportion of 
IFN-γ+ T cells and record as A1, and the proportion of TNF-α+T 
cells and record as A2.
E.3.2.2 Suppression T-cell cytokine secretion by human mesen-

chymal stem cells
Use cell dissociation enzyme to dissociate human mesenchymal 
stem cells (hMSC) and prepare as single-cell suspension. Use 
haemocytometer (E.1.1) and microscope (E.1.2) to calculate the 
living cell concentration of h hMSC and T-cell suspension accord-
ing to the method in Appendix A. Seed hMSC at a density of 
2 × 105 cells/cm2. Then, co-culture with T cells at a ratio of 5:1 
(T cells: hMSC). Culture for 48 h and add 50 ng/mL PMA (E.2.4), 
1 μg/mL ionomycin (E.2.8) and 10 μg/mL BFA (E.2.7) to the cul-
ture system 4 ~ 6 h before the end of the culture. Detect the 
proportion of IFN-γ+ T cells in the T/hMSC culture system and 
record as C1, and the proportion of TNF-α+T cells in the T/hMSC 
culture system and record as C2.
E.3.3 Collection and detection of T cells
Collect the T cells (E.3.2) and wash T-cell samples twice with sterile 
phosphate-buffered saline (E.2.1) and fix cells with 4% PFA (E.2.10), 
then wash T-cell samples twice with sterile phosphate-buffered sa-
line (E.2.1), and treat cells with 0.1% ~ 0.2% saponin (E.2.9). Incubate 
the samples with the diluted antibodies and wash T-cell samples 
with sterile phosphate-buffered saline (E.2.1), and transfer the cell 
suspension into flow cytometry tube passed through a 40 µm mesh 
filter. Load the samples into the flow cytometer (E.1.4) and perform 
detecting according to the manufacturer’s instructions.
E.3.4 Gating
Gate the population 1 of target cells based on particle size and 
granularity, excluding cell debris and other irrelevant particles. 
According to the fluorescence intensity of the isotype control, 
gate the cell population of IFN-γ+ T cells within population 1, as 
well as the cell population of TNF-α+ T cells, excluding negative 
cells that are not labelled by fluorescent antibodies.

E.4 Analysis of results

Analyse the results using software according to manufacturer’s 
instructions and calculate the inhibition rate of hMSC on the 
IFN-γ and TNF-α secretion of T cells.
Inhibition rate is calculated according to equation (E1) and (E2):

In this equation: A1—the percentage of IFN-γ+ T cells without 
hMSC. C1—the percentage of IFN-γ+ T cells that cultured with 
hMSC.

In this equation: A2—the percentage of TNF-α+ T cells without 
hMSC. C2—the percentage of TNF-α+ T cells that cultured with 
hMSC.

APPENDIX F

NORMATIVE APPENDIX:  OS TEOG ENIC DIFFERENTIA-
TION A SSAY ( ALIZ ARIN RED S S TAINING)
F.1 Instruments
F.1.1 Haemocytometer.
F.1.2 Microscope.
F.1.3 Bench-top centrifuge.
F.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
F.2.1 Phosphate-buffered saline (PBS): pH7.4.
F.2.2 Cell dissociation enzyme.
F.2.3 Trypan Blue Solution: dilute to 0.4% (W/V) with phosphate-

buffered saline (F.2.1).
F.2.4 Osteogenic differentiation medium.
F.2.5 Alizarin red S staining kit.
F.3 Testing protocol
F.3.1 Sample preparation
F.3.1.1 Cell dissociation
Use cell dissociation enzyme to dissociate human mesenchymal 
stem cells (hMSC), collect hMSC by bench-top centrifuge (F.1.3) 
and gently resuspend the cells in saline to avoid the formation of 
bubbles or residual cell clumps.

F.3.1.2 Cell counting
Use haemocytometer (F.1.1) and microscope (F.1.2) to calculate 
the live cell concentration of the cell suspension, according to 
the method in Appendix A.

F.3.2 Cell seeding and induction
Choose the appropriate cell seeding method, seeding density and 
induction procedure according to the manufacturer’s instruc-
tions, and osteogenic differentiation is induced for 14 ~ 21 days.

F.3.3 Calcium deposits staining
Stain the extracellular calcium deposits by Alizarin Red S staining 
according to the manufacturer’s instructions.

F.4 Analysis of results
A large number of bright orange-red calcium deposits can be seen 

under the microscope.

APPENDIX G
Normative appendix: Adipogenic differentiation assay (Oil red O 
staining)

G.1 Instruments
G.1.1 Haemocytometer.
G.1.2 Microscope.
G.1.3 Bench-top centrifuge.

(E1)IFN − � inhibition rate = (A1 − C1) ∕A1 × 100%

(E2)TNF − � inhibition rate = (A2 − C2) ∕A2 × 100%
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G.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
G.2.1 Phosphate-buffered saline (PBS): pH7.4.
G.2.2 Cell dissociation enzyme.
G.2.3 Trypan Blue Solution: dilute to 0.4% (W/V) with phosphate-

buffered saline (G.2.1).
G.2.4 Adipogenic differentiation medium.
G.2.5 Oil red O staining kit.
G.3 Testing protocol
G.3.1 Sample preparation
G.3.1.1 Cell dissociation
Use cell dissociation enzyme to dissociate human mesenchymal 
stem cells (hMSC), collect hMSC by bench-top centrifuge (G.1.3) 
and gently resuspend the cells in saline to avoid the formation of 
bubbles or residual cell clumps.

G.3.1.2 Cell counting
Use haemocytometer (G.1.1) and microscope (G.1.2) to calculate 
the live cell concentration of the cell suspension, according to 
the method in Appendix A.

G.3.2 Cell seeding and induction
Choose the appropriate cell seeding method, seeding den-
sity and induction procedure according to the manufactur-
er’s instructions, and adipogenic differentiation is induced for 
14 ~ 21 days.
G.3.3 Lipid droplet staining
Stain the lipid droplets by Oil red O according to the manufac-
turer’s instructions.

G.4 Analysis of results
Orange-red lipid droplets can be seen under the microscope, and fat 

cells contain lipid droplets of varying sizes.

APPENDIX H

NORMATIVE APPENDIX:  CHONDROG ENIC DIFFEREN -
TIATION A SSAY ( ALCIAN BLUE S TAINING)
H.1 Instruments
H.1.1 Haemocytometer.
H.1.2 Microscope.
H.1.3 Bench-top centrifuge.
H.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
H.2.1 Phosphate-buffered saline (PBS): pH7.4.
H.2.2 Cell dissociation enzyme.
H.2.3 Trypan Blue Solution: dilute to 0.4% (W/V) with phosphate-

buffered saline (H.2.1).
H.2.4 Chondrogenic differentiation medium.
H.2.5 Alcian blue staining kit.

H.3 Testing protocol
H.3.1 Sample preparation
H.3.1.1 Cell dissociation
Use cell dissociation enzyme to dissociate human mesenchymal 
stem cells (hMSC), collect hMSC by bench-top centrifuge (H.1.3) 
and gently resuspend the cells in saline to avoid the formation of 
bubbles or residual cell clumps.
H.3.1.2 Cell counting
Use haemocytometer (H.1.1) and microscope (H.1.2) to calculate 
the live cell concentration of the cell suspension, according to 
the method in Appendix A.
H.3.2 Cell seeding and induction
Choose the appropriate cell seeding method, seeding density 
and induction procedure according to the manufacturer’s in-
structions, and chondrogenic differentiation is induced for 
14 ~ 21 days.
H.3.3 Cartilage extracellular matrix staining
Stain the cartilage extracellular matrix by Alcian blue according 
to the manufacturer’s instructions.

H.4 Analysis of results
The dark blue extracellular matrix of chondrocytes can be seen 

under the microscope.

APPENDIX I

NORMATIVE APPENDIX:  IN VIVO TUMORIG ENICIT Y 
TE S TING ( IMMUNODEFICIENT MICE ME THOD)
I.1 Instruments
I.1.1 Haemocytometer.
I.1.2 Microscope.
I.1.3 Bench-top centrifuge.
I.2 Reagents
Unless otherwise stated, all the reagents used shall be analytical 
grade. The water used in the experiment shall be Grade 1 water 
as stipulated in GB/T 6682.
I.2.1 Phosphate-buffered saline (PBS): pH7.4.
I.2.2 Cell dissociation enzyme.
I.2.3 Trypan Blue Solution: dilute to 0.4% (W/V) with phosphate-

buffered saline (I.2.1).
I.3 Testing protocol
I.3.1 Sample preparation
I.3.1.1 Cell dissociation
Use cell dissociation enzyme to dissociate human mesenchymal 
stem cells (hMSC), collect hMSC by bench-top centrifuge (I.1.3) 
and gently resuspend the cells in saline to avoid the formation of 
bubbles or residual cell clumps.

I.3.1.2 Cell counting
Use haemocytometer (I.1.1) and microscope (I.1.2) to calculate 
the live cell concentration of the cell suspension, according to 
the method in Appendix A.

I.3.2 Cell transplantation
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1 × 107 human mesenchymal stem cells are injected subcutane-
ously into immunodeficient mice aged 6–8 weeks. Set up a blank 
control group (injected with the solvent corresponding to the 
product), a negative control group (human diploid cells) and a 
positive control group (human tumour cell lines, injected accord-
ing to the number of tumour cell line inoculation requirements).
I.3.3 Tumour observation
Observe 16 weeks after injection and measure body weight and 
tumour size every week. If the tumour in the tumour-bearing 
mice exceeded 2000 mm3, the tumour was ulcerated or severe 

weight loss, the humane endpoint could be considered. Remove 
the tumour from the mice, and perform gross observation. Then, 
weigh the tumour and calculate the tumour formation rate.

I.4 Analysis of results
Tumour formation rate is calculated according to equation (I1)

In this equation: M—the total number of injected mice. N—the num-
ber of tumour-bearing mice.

(I1)Tumour formation rate = N∕M × 100%


