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Abstract 

Organoid technology provides a transformative approach to understand human physiology and pathology, offering 
valuable insights for scientific research and therapeutic development. Human gastric organoids, in particular, have 
gained significant interest for applications in disease modeling, drug discovery, and studies of tissue regeneration 
and homeostasis. However, the lack of standardized quality control has limited their extensive clinical applications. 
The “Human Gastric Organoids” is part of a series of guidelines for human gastric organoids in China, which establishes 
comprehensive standards on terminology, technical specifications, testing methods, inspection rules, usage instruc‑
tions, labeling, transportation, and storage, developed by experts from the Chinese Society for Cell Biology and its 
branch societies. Released on October 29, 2024, this guideline aims to establish standardized protocols, enhance insti‑
tutional practices, and promote international standardization for clinical and research applications of human gastric 
organoids.
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Scope
This document specifies the ethical requirements, techni-
cal requirements, and testing methods, inspection rules, 
usage instructions, labeling, transportation, and storage 
for human gastric organoids.

This standard applies to the production and test of 
human gastric organoids derived from human gastric 
epithelial tissue and human pluripotent stem cells.

Normative references
The following referenced documents are indispensable 
for the application of these documents. For dated refer-
ences, only the edition cited applies. For undated refer-
ences, the latest edition of the referenced document 
(including all amendments) applies.

Pharmacopoeia of the People’s Republic of China (2020 
Edition, Part III).

Terms and definitions
The following terms and definitions apply to this 
document.

Organoids
Three-dimensional (3D) structures that grow from stem 
cells or progenitor cells in  vitro, are capable of self-
organization and renewal, consist of organ-specific cell 
types and can mimic the in vivo architecture and specific 
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function of the original tissue (Clevers 2016; Fujii and 
Sato 2021; Kim et al. 2020; Wang et al. 2023).

Human gastric organoids
Organoids that develop from human gastric stem cells of 
normal tissue or pluripotent stem cells, possess a variety 
of mature gastric epithelial cell types (Bartfeld et al. 2015; 
McCracken et al. 2017; McCracken et al. 2014).

Organoid passage
Process of dissociating existing organoids into smaller 
fragments, or single cell via physical, chemical, or biolog-
ical methods, and keeping them growing in  vitro under 
the same culture conditions (Bartfeld et al. 2015).

Organoid cryopreservation
Freezing process by which organoids are maintained 
at low temperature in an inactive state for maintaining 
cellular composition, gene expression, and functional 
properties.

Organoid thawing
Process of bringing frozen organoids from an inactive to 
an actively growing state.

Gastric stem cells
Cells that can self-renew and possess the ability to dif-
ferentiate into all types of gastric epithelial cells (Barker 
et  al. 2010; Kim and Shivdasani 2016; McCracken et  al. 
2017; Mills and Shivdasani 2011; Tan et al. 2020).

Gastric stem cell differentiation
Process of gastric stem cells dividing into their daughter 
cells, including surface mucous cells, parietal cells, chief 
cells, mucous neck cells and enteroendocrine cells, et al. 
(McCracken et al. 2017; Wolffling et al. 2021).

Gastric proliferative cells
Cells that are initially derived from gastric stem cells, 
characterized by high proliferative capacity and the abil-
ity to differentiate into various mature gastric epithelial 
cell types (Kim and Shivdasani 2016; Mills and Shiv-
dasani 2011).

Gastric surface mucous cells
Gastric epithelial cells located at the top of the gastric 
glands that secrete mucus, serving as the primary protec-
tive barrier of the gastric mucosa against stomach acid 
damage (Willet and Mills 2016).

Gastric parietal cells
Cells in the neck region of the acid-secreting glands in 
the gastric body and antrum, specialized gastric epithelial 

cells abundant in tubulovesicles and mitochondria, that 
produce gastric acid and intrinsic factor, playing a cru-
cial role in food digestion and the absorption of essen-
tial minerals such as phosphate, calcium, and iron (Miao 
et al. 2020; Yao and Smolka 2019; Yuan et al. 2017).

Gastric chief cells
Cells located at the base of the acid-secreting glands 
in the gastric body and antrum are specialized gastric 
epithelial cells, rich in rough endoplasmic reticulum, 
zymogen granules, and mitochondria, and are primar-
ily responsible for synthesizing and releasing pepsinogen 
(Bredemeyer et al. 2009; Goldenring et al. 2011; Ramsey 
et al. 2007).

Gastric mucous neck cells
Cells typically located in the neck or base of the gastric 
glands, are specialized gastric epithelial cells responsible 
for secreting mucus, with cytoplasm filled with mucin 
granules, contributing to the gastric mucosal barrier 
(Bredemeyer et al. 2009; Ramsey et al. 2007).

Gastric enteroendocrine cells
Gastric epithelial cells, with an irregular conical shape, 
typically dispersed singly among others, secrete gastric 
hormones in response to stimuli such as luminal food or 
pH changes, with cytoplasm containing numerous secre-
tory granules, and can be further subdivided into distinct 
subtypes of gastric enteroendocrine cells, each with spe-
cific secretory functions (Busslinger et al. 2021; Li et al. 
2014; Mitrovic et al. 2012).

General requirements
Raw materials
The acquisition of raw materials must comply with 
domestically recognized ethical standards and local laws.

Depending on the intended use, donor evaluation crite-
ria should be established for the research and production 
of human gastric organoids.

Process and information management
Critical factors influencing product quality during the 
procurement, preparation, testing, transportation, and 
storage of human gastric organoid raw materials should 
be documented, and a unique identification system 
should be implemented to ensure traceability throughout 
the process.

The minimum retention period for records must be 
clearly defined to ensure the integrity and security of 
documentation.
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Technical requirements
Morphology
Human gastric organoids shall be cystic or bud-like, 
with a cavity in the middle and tightly contacting 
columnar epithelial cells on the outside under optical 
microscopy. The cavities and the edges of the junctions 
shall be clear, and the cells shall be transparent (Bar-
tfeld et al. 2015).

Gastric organoids derived from human pluripotent 
stem cells should appear as vesicular or cystic under 
an optical microscope and possess glandular structures 
(McCracken et al. 2017).

Chromosomal karyotype
The chromosomal karyotype of human gastric orga-
noids shall be 46, XY or 46, XX (Bartfeld et al. 2015).

Marker genes
Gastric organoids derived from human gastric corpus 
tissue and human pluripotent stem cells should express 
the marker genes MKI67 for gastric proliferative cells, 
MUC5AC for gastric surface mucous cells, ATP4B for 
gastric parietal cells, PGC for gastric chief cells, MUC6 
for gastric mucous neck cells, and CHGA for gastric 
enteroendocrine cells. Additionally, gastric organoids 
derived from human gastric antrum tissue should also 
express the marker gene LGR5 for gastric stem cells.

Cell composition
Gastric organoids derived from human gastric corpus 
tissue and human pluripotent stem cells should contain 
MKI67-positive gastric proliferative cells, MUC5AC-
positive gastric surface mucous cells, ATP4B-positive 
gastric parietal cells, PGC-positive gastric chief cells, 
MUC6-positive gastric mucous neck cells, and CHGA-
positive gastric enteroendocrine cells. Additionally, 
gastric organoids derived from human gastric antrum 
tissue should also contain LGR5-positive gastric stem 
cells.

The proportion of gastric proliferative cells should 
be no less than 10%, gastric surface mucous cells no 
less than 5%, gastric chief cells no less than 5%, gastric 
mucous neck cells no less than 10%, and gastric enter-
oendocrine cells no less than 1%.

Functional parameters
Human gastric organoids should possess the acid-
secreting function of parietal cells and the pepsino-
gen-secreting function of chief cells (McCracken et al. 
2017).

Culture and growth
Human gastric organoids derived from healthy donors 
shall be able to be passaged for at least 2 generations 
in vitro after the initial culture.

Compared to the last generation, the passaged orga-
noids shall have the same morphology, viability, marker 
gene expression, cell composition and other character-
istics (Bartfeld et al. 2015).

Organoids viability
After thawing, the number of viable gastric organoids 
should be no less than 50% of the number before cryo-
preservation, and the viable organoids shall be capable 
of being subcultured in vitro.

Microorganisms
Organoids shall be negative for fungi, bacteria, myco-
plasma, and virus.

Identity
The identity of organoids shall match that of the donor 
tissue by STR analysis (Yang et al. 2024).

Test methods
Morphology
Observe organoid morphology by the inverted phase 
contrast microscope.

Chromosomal karyotype
The method in “Preparation and quality control of ani-
mal cells for the production of biological products” 
from the Pharmacopoeia of the People’s Republic of 
China (2020 Edition, Part III) shall be followed.

Marker genes
The method can be found in Appendix A.

Cell composition
The method can be found in Appendix B.

Functional parameters
The acid-secreting function of parietal cells should 
be tested according to the method described in 
Appendix C.

The pepsinogen-secreting function of chief cells 
should be tested according to the method described in 
Appendix D.
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Culture and growth
Organoids cultured in vitro can be photographed using 
optical microscopy, with a scale bar for measuring their 
diameter and performing quantitative analysis.

Organoids viability
Organoids viability shall be counted according to the 
method can be found in Appendix E.

Microorganisms
Bacteria and Fungi
The “1101 Sterility Inspection Method” in Pharmaco-
poeia of the People’s Republic of China (2020 Edition, Part 
III) shall be followed.

Mycoplasma
The “3301 Mycoplasma Inspection Method” in Pharma-
copoeia of the People’s Republic of China (2020 Edition, 
Part III) shall be followed.

Exogenous viral factors
The “3302 Exogenous Viral Factors Inspection Method” 
in Pharmacopoeia of the People’s Republic of China (2020 
Edition, Part III) shall be followed.

STR
The method can be found in Appendix F.

Instructions for use
The instructions should include at least the following 
information:

a) Organoid code;
b) Passage number;
c) Organoid number;
d) Production date;
e) Batch number;
f ) Manufacturing organization;
g) Storage conditions;
h) Transportation conditions;
i) Contact information;
j) Usage instructions;
k) Standard reference number;
l) Production address;
m) Postal code;
n) Precautions.
Note: Endotoxin results should be provided upon user 

request.

Labeling
The labels should include at least the following 
information:

a)	 Organoid code;
b)	 Passage number;

c)	 Organoid number;
d)	 Batch number;
e)	 Manufacturing organization;
f )	 Production date.

Transportation and Storage
Transportation
The transportation methods and conditions should be 
selected based on the requirements for the use of human 
gastric organoids to ensure their biological properties, 
safety, stability, and efficacy.

The transportation of human gastric organoids should 
consider, but not be limited to, factors such as the char-
acteristics of the organoids, the container carrying the 
organoids, transportation route, conditions, equipment, 
methods, potential risks, and necessary safeguards.

The control measures for transportation conditions 
should include, but not be limited to, temperature range, 
vibration control, contamination prevention, equipment 
performance, and appropriate packaging.

Relevant inspection and technical guidance documents 
should be provided upon the user’s request.

The package should be checked during transportation, 
and if necessary, additional freezing sources (e.g., dry 
ice and liquid nitrogen) should be added to maintain the 
appropriate transportation temperature.

Storage
Optimized cryopreservation protocols and methods 
should be employed to minimize damage to human gas-
tric organoids during freezing and thawing processes, 
ensuring their normal functionality is minimally affected.

The cryopreservation information for human gastric 
organoids should be documented, including but not lim-
ited to:

a)	 Organoid code;
b)	 Batch number;
c)	 Organoid number;
d)	 Passage number;
e)	 Freezing date;
f )	 Cryoprotectant composition;
g)	  Name of the operator.

The storage conditions for human gastric organoids 
should be documented, including but not limited to:

a)	 Storage conditions;
b)	 Storage date;
c)	 Storage duration;
d)	 Storage personnel.
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Appendix A
Cell Type Marker Gene Test (Real‑time Fluorescence 
Quantitative PCR Method)
A.1 Instruments
A.1.1 PCR-Cycler

A.1.2 Real-time fluorescence quantitative PCR-Cycler

A.2 Reagents
Unless otherwise specified, the reagents used shall be 
analytically pure, and the water used for testing shall be 
deionized water.

A.2.1 Phosphate Buffer Saline (PBS): pH 7.4
A.2.2 Commercial RNA extraction kit
A.2.3 Commercial RNA reverse transcription kit
A.2.4 Commercial fluorescence quantitative PCR kit
A.2.5 qPCR primers of GAPDH and target genes

A.3 Testing protocol
A.3.1 Organoid sample preparation  Aspirate the 
medium from the cultured organoids in  vitro. Add an 
equal volume of PBS (A.2.1) and then aspirate. Repeat 
this step.

A.3.2 Organoid RNA extraction  Perform organoid RNA 
extraction using the commercial RNA extraction kit 
(A.2.2) according to the kit instructions.

A.3.3 Organoid cDNA preparation  One μg organoid 
RNA is used for organoid RNA reverse transcription 
using the PCR-Cycler (A.1.1) and the commercial RNA 
reverse transcription kit (A.2.3). Perform according to 
the kit and instrument instructions.

A.3.4 Gene expression determination  The organoid 
RNA reverse transcription product from step A.3.3 is 
used for gene expression determination. Perform real-
time fluorescence quantitative test using the real-time 
fluorescence quantitative PCR-Cycler (A.1.2), the com-
mercial fluorescence quantitative PCR kit (A.2.4) and 
related qPCR primers (A.2.5) according to the kit and 
instrument instructions. Determine the Ct value by refer-
ring to the detection curve, then obtain the expression 
value of GAPDH (CtG) and target genes (CtM).

A.3.5 Analysis of target gene expression  Taking GAPDH 
expression as a reference, obtain the expression level of 
target genes: X = CtM/CtG.

A.4 Calculation and analysis
Repeat the steps A.3.1 to A.3.5 for two more times. Calcu-
late the expression levels of organoid target genes for three 
times, which are recorded as the average expression levels 
of organoid target genes.

A.5 Accuracy
The absolute difference of three independent measure-
ments obtained under repeatability conditions shall not 
exceed 10% of the arithmetic mean.

Appendix B
Cell Composition Proportion Test (Immunofluorescence 
Staining Method)
B.1 Instruments
 Laser confocal microscope.

B.2 Reagents
Unless otherwise specified, the reagents used shall be ana-
lytically pure, and the water used for testing shall be deion-
ized water.

B.2.1 PBS: pH 7.4
B.2.2 Commercial immunofluorescence staining kit
B.2.3 Antibodies of target proteins

B.3 Testing protocol
B.3.1 Organoid sample preparation  Aspirate the 
medium from the cultured organoids in  vitro. Add an 
equal volume of PBS (B.2.1) and then aspirate. Repeat 
this step.

B.3.2 Organoid immunofluorescence staining  Perform 
organoid immunofluorescence staining using the com-
mercial immunofluorescence staining kit (B.2.2) and 
antibodies of target proteins (B.2.3) according to the kit 
instructions.

B.3.3 Observation of immunofluorescence staining positive 
cells  The laser confocal microscope is used for observa-
tion and photography.

B.3.4 Analysis of target protein  Calculate the number of 
DAPI as the total number of cells in organoids (M). Cal-
culate the number of cells with positive signal of target 
protein (N). The cell proportion with positive signal of 
target protein is obtained as X = N/M.

B.4 Calculation and Analysis
Calculate the cell proportion with positive signal of target 
protein in at least 30 organoids, and the average cell pro-
portion is recorded as the proportion of target cell type in 
organoids.

Appendix C
Detection of Acid Secretion Function (Stimulating 
the Organoids with Histamine and Staining with Acridine 
Orange)
C.1 Instruments
Laser scanning confocal microscopy
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C.2 Reagents
Unless otherwise specified, the reagents used shall be 
analytically pure, and the water used for testing shall be 
deionized water.

C.2.1 PBS: pH 7.4
C.2.2 Commercial histamine
C.2.3 Commercial acridine orange

C.3 Testing protocol
C.3.1 Histamine Pretreatment of Organoids  For orga-
noids cultured in  vitro, replace the medium with his-
tamine-containing medium (100 μM, from C.2.2) 30 
minutes before staining. Incubate under normal culture 
conditions for 30 minutes.

C.3.2 Acridine Orange Staining of Organoids  Remove 
the culture medium from the in vitro cultured organoids. 
Add an equal volume of PBS (C.2.1) to wash the orga-
noids. Repeat once. Stain the organoids with commercial 
10 μM acridine orange (C.2.3).

C.3.3 Observation of Positive Cells  Use laser scanning 
confocal microscopy to observe and capture images at 
emission wavelengths of 500~550 nm and 600~650 nm.

C.4 Image Analysis
Analyze the images to calculate the ratio of positive cells 
at 600~650 nm emission wavelength to those at 500~550 
nm emission wavelength in at least 30 organoids.

Appendix D
Detection of Pepsinogen Secretion Function 
(Enzyme‑Linked Immunosorbent Assay (ELISA))
D.1 Instruments
Enzyme-linked immunosorbent assay (ELISA) plate 
reader

D.2 Reagents
Unless otherwise specified, the reagents used shall be 
analytically pure, and the water used for testing shall be 
deionized water.

D.2.1 PBS: pH 7.4
D.2.2 Commercial human gastric pepsinogen I enzyme-

linked immunosorbent assay (ELISA) kit

D.3 Testing protocol
D.3.1 Organoid Retrieval  For organoids cultured 
in vitro, remove the culture medium. Add an equal vol-
ume of PBS (D.2.1) to wash the organoids. Remove the 
buffer.

D.3.2 Detection of Human Gastric Pepsinogen I  Per-
form the detection according to the instructions of 

the commercial human gastric pepsinogen I ELISA kit 
(D.2.2).

D.3.3 ELISA Plate Reader Detection  Measure absorb-
ance using an ELISA plate reader.

D.4 Quantitative Analysis
Calculate the content of human gastric pepsinogen I 
based on the instructions provided in the commercial kit.

Appendix E
Organoids Viability (Calcein‑AM Staining Method)
E.1 Instruments
E.1.1 Inverted microscope.

E.1.2 Fluorescence microscope

E.2 Reagents
Unless otherwise specified, the reagents used shall be 
analytically pure, and the water used for testing shall be 
deionized water.

E.2.1 Dimethyl sulfoxide (DMSO) for cell culture.
E.2.2 PBS: pH 7.4.
E.2.3 Storage solution of Calcein-AM solution: 2 

mmol/L in DMSO.

E.3 Testing protocol
E.3.1 Organoid observation in bright field  Place the 
organoids under the microscope to observe their mor-
phology and status. Determine whether the organoid 
morphology meets the requirements of 6.1 by visual 
observation.

E.3.2 Organoid quantification  Add the Calcein-AM 
storage solution to the medium until the final concentra-
tion is 0.2 μmol/L, and incubate the mixture for 60 min-
utes at 37 ℃. Then clean the medium with Calcein-AM 
slowly with PBS (E.2.2) and add fresh medium. The orga-
noids are observed and photographed by fluorescence 
microscope at 490 nm excitation wavelength and 515 nm 
emission wavelength. Living organoids are in green with 
clear edges. Count the number of organoids with a diam-
eter ≥20 μm.

E.4 Accuracy
The absolute difference between the results of three inde-
pendent determinations obtained under reproducible 
conditions shall not exceed 10% of the arithmetic mean.

Appendix F
Organoid Authentication by STR Profile
F.1 Instruments
F.1.1 Centrifuge.

F.1.2 PCR-Cycler.
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F.1.3 Electrophoresis apparatus.
F.1.4 Microvolume UV Spectrophotometer.

F.2 Reagents
F.2.1 Cell DNA extraction kit.

F.2.2 STR DNA profiling kit.

F.3 Sample storage
The samples are prepared and stored below -80 ℃.

F.4 Testing protocol
F.4.1 Sample preparation  The organoids are cultured in 
the Matrigel to a stable growth state, and then mechani-
cally pipetted out of the Matrigel. The mixture is col-
lected in a centrifugal tube, the organoids are collected 
by centrifugation, and the supernatant is discarded.
F.4.2 Extraction of DNA 

A)	Perform genomic DNA extraction from organoids 
and primary tumor tissues according to the instruc-
tions of the Cell DNA extraction kit.

B)	Measure the absorbance of extracted DNA by UV 
spectrophotometer to ensure that the ratio of A260/
A280 is between 1.8 and 2.0.

C)	DNA volume ≥ 20 μL, DNA concentration ≥ 50 ng/
μL.

F.4.3 PCR amplification 

A)	Perform STR DNA amplification according to stand-
ard PCR amplification methods or the commercially 
approved kit instructions.

B)	Use sterile water as the template for PCR amplifi-
cation in the negative control group; use the DNA 
extracted from organoid and primary tumor tissue 
samples as templates in the sample detection group; 
use a DNA template with a confirmed STR profiling 
as the positive control group.

C)	Detect the PCR products of three groups by agarose 
gel electrophoresis. Clear target band shall be observed 
in positive control but not in the negative control.

F.4.4 STR genotyping  Detect PCR products by capillary 
electrophoresis gene analyzer and STR genetic map data 
are obtained. The PCR banding pattern of organoids and 
primary tumor tissue shall be consistent.

F.5 Result analysis
F.5.1 When STR alleles contain the same number of 
repeats, only one allele peak shall appear in the profile, 
when they contain different numbers of repeats, two 
allele peaks appear in the profile.

The test is considered valid when no allele peaks 
appeared in the negative control group and the positive 
control group is consistent with its standard genotyping 
data.

F.5.2 If more than two allelic peaks are present at the 
STR locus of the tested sample, the sample shall be deter-
mined to be cross-contaminated after repeated experi-
ments to exclude interfering factors such as mutations in 
the primer binding region, provided that the test is valid.

Abbreviations
3D	� Three Dimension
Ct	� Cycle-threshold
DAPI	� 4,6-Diamino-2-phenyl indole
DMSO	� Dimethyl Sulfoxide
DNA	� Deoxyribonucleic Acid
PBS	� Phosphate Buffer Saline
PCR	� Polymerase Chain Reaction
RNA	� Ribonucleic Acid
STR	� Short Tandem Repeat
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