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To address the limitations of animal testing, scientific research is increasingly focused on developing alternative testing 
methods. These alternative tests utilize cells or tissues derived from animals or humans for in vitro testing, as well 
as artificial tissues and organoids. In western countries, animal testing for cosmetics has been banned, leading to the 
adoption of artificial skin for toxicity evaluation, such as skin corrosion and irritation assessments. Standard guidelines 
for skin organoid technology becomes necessary to ensure consistent data and evaluation in replacing animal testing 
with in vitro methods. These guidelines encompass aspects such as cell sourcing, culture techniques, quality require-
ments and assessment, storage and preservation, and organoid-based assays.
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Introduction 

  Recently, the need to develop alternative animal testing 
methods that overcome the limitations of animal testing is 
increasing. Alternative test methods include organoids which 
is defined as three-dimensional (3D) cell aggregates that 
self-organize is uprising technology because they reflect 
human and disease biology more accurately than animal 
models and can predict efficacy and toxicity in the human 
body with high reliability (1-3). In Europe, animal testing 
for cosmetics has been banned since 2004, and a lot of in-
vestment has been made in the development of alternative 
animal testing methods (4). Based on this background, al-
ternative testing methods using artificial skins for safety eval-
uation are the first to be developed (5) and put into prac-
tice. Currently, a human skin model created by 3D culture 
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of human-derived skin cells has been commercialized and 
is being used in internationally certified tests to evaluate 
local toxicity such as skin corrosion/irritation (OECD TG 
431, TG 439, TG 498, ISO 10993-23) (6-9).
  The human skin model currently being used in certified 
testing is composed only of skin keratinocytes and has a 
skin barrier function, so its main function is a skin barrier 
to prevent the rapid penetration of toxic substances which 
can evaluate the local skin toxicity (10). Due to the ab-
sence of other cell types which compose human skin and 
accessory organs, there are some limitations in evaluating 
the efficacy or other safety of products.
  In order to overcome the limitations of existing estab-
lished technologies or to establish alternative animal test-
ing methods for undeveloped areas, it is necessary to con-
tinue developing testing methods using the latest skin or-
ganoid technology (11, 12), which is gradually increasing 
in similarity to human skin. Additionally, in order to put 
these new technologies into practical use, it is needed to 
establish standard guidelines for skin organoid technology 
to enable consistent data and evaluation even when skin 
organoids of various purposes and shapes are used (13).

Considerations and Scope of Application

General principles (general considerations)
  This guideline sets the scope and standards with refer-
ence to the latest scientific technology that is widely known 
to date, and the contents of this guideline can be modified 
depending on the level of future scientific and technolo-
gical development. The purpose of this guideline is to pre-
sent general standards for skin organoids and test methods 
using skin organoids that developers or efficacy evaluators 
of test methods using skin organoids can refer to. 

Scope of application
  This guideline applies when skin organoids produced 
from human-derived pluripotent stem cells, adult stem 
cells, and/or differentiated cells are intended to be used 
for efficacy or toxicity evaluation.

Terms and Definitions

Organoids
  Three-dimensional structures that grow from stem cells 
or progenitor cells in vitro, consist of organ-specific cell 
types, and can mimic the architecture and specific func-
tion of the target tissue (14-17). 

Skin organoids
  Skin organoids are generated from adult stem cells or plu-
ripotent stem cells and are expected to possess the complexity 
and function of natural skin. Depending on the purpose, two 
or more types of stem cells can be combined to produce skin 
organoids that are more closer to natural human skin (18).

Passage
  Process of dissociating existing organoids into smaller 
fragments, or single cell via physical, chemical, or biologi-
cal methods, and keeping them growing in vitro under the 
same culture conditions (17, 19).

General Considerations

Cell source
  General recommendations: When producing skin or-
ganoids by obtaining adult stem cells or pluripotent stem 
cells from human tissue, a donor compatibility test must 
be performed when necessary, and documents enabling tra-
ceability of the origin cells must be prepared and stored 
(20). To commercialize skin organoids using induced plu-
ripotent stem cells (iPSCs), the license corresponding to 
the necessary manufacturing technology through legal 
procedures must be secured, just as other cell types. 
  It is important to maintain consistent characteristics 
and quality of skin organoids used for efficacy or toxicity 
evaluation, and from this perspective, culture, storage, test 
items, and standards for origin cells must be established 
to manage origin cells (21). 
  Quality control recommendations: In order to main-
tain consistent characteristics and quality, genetic stability 
testing (e.g., copy number variation [CNV], single nucleo-
tide polymorphism [SNP] analysis) is required when cells 
are manufactured through repeated subculture. If there is 
a possibility that other cells may be mixed in during the 
cell isolation, culture, and differentiation process, genetic 
analysis (e.g., short tandem repeat [STR] analysis) that 
can prove the origin cells are required. Meanwhile, it is 
necessary to perform basic sterility test, adventitious virus 
test, and mycoplasma test to ensure stable quality. Addi-
tionally, in order to produce skin organoids of consistent 
quality, each investigator needs to conduct research by esta-
blishing standard operate procedures (SOPs) related to cul-
ture and storage (22-24). 
  Cell types and characteristics:
a. Organoids derived from adult stem cells
  1) Cell types and characteristics
    Skin organoids can be produced using a variety of adult 

stem cells, such as epidermal stem cells, mesenchymal 
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stem cells, melanocyte stem cells, and hematopoietic stem 
cells (18, 25). Additionally, depending on the purpose 
and methods, it can be produced by assembling vari-
ous stem cells and differentiated cells such as kerati-
nocytes, fibroblasts, immune cells or melanocytes (26), 
which are induced from a different lineage. When pro-
ducing a skin organoid by assembling various types 
of cells, cell-specific markers for each origin cells are 
needed to be identified before using them to produce 
skin organoids (27).

  2) Quality requirements for cells
    When directly collecting human-derived cells, if it is 

deemed necessary to produce skin organoids with sta-
ble quality, a donor compatibility test should be esta-
blished and conducted (22-24). 

    Set up a confirmation test using positive markers ex-
pressed in the cells used, and set purity test items if 
there are cells or tissues that may be mixed during the 
cell separation and culture process and may interfere 
with the production of consistent skin organoids. If 
there is a possibility that cells other than the origin 
cells may be mixed during the culture process, it may 
affect the quality of skin organoids, so test method to 
confirm the origin cells (e.g., STR) needs to be set 
and performed. Additionally, genetic stability testing 
(e.g., CNV or SNP) is performed to evaluate whether 
there are any genetic mutations that may affect the 
quality of skin organoids before use in production. It 
is important to maintain consistent characteristics 
and quality of skin organoids used for efficacy or tox-
icity evaluation, and from this perspective, sterility 
testing, adventitious virus rejection testing, and test-
ing for basic contaminants such as mycoplasma should 
be conducted.

    If human-derived cells are not directly collected, cells 
that are confirmed by certificate of analysis (COA) 
based on quality test results must be used to manu-
facture skin organoids.

  3) Cell suppliers
    If a researcher or developer directly secures the origin 

cells, obtain human cells or tissues according to the le-
gal procedures for research using human derivatives, 
isolate/cultivate the cells directly through primary cul-
ture, and confirm the cell characteristics and quality. 

    Alternatively, cells can be supplied through an organ-
ization that can issue a COA that can confirm cell 
characteristics and quality.

b. Organoids derived from pluripotent stem cells (ESCs 
and iPSCs)

  1) Cell types and characteristics
    Skin organoids using pluripotent stem cells can be pro-

duced using embryonic stem cells (ESCs) and iPSCs. 
The characteristics of pluripotent stem cells can be con-
firmed by the positive markers of pluripotent stem 
cell (e.g., octamer-binding transcription factor 4 [OCT4], 
SRY [sex determining region Y]-box 2 [SOX2], NANOG, 
etc.), negative markers representing starting materials 
(e.g., PBMC-CD34, etc.), proliferation ability, embry-
oid body (EB) formation ability, three germ layer dif-
ferentiation ability, and teratoma formation ability. 
To confirm pluripotency, it can be confirmed by in 
vitro tests through EB formation ability and tripartite 
differentiation ability, and by in vivo tests through 
teratoma assay. In the case of the three germ layer 
differentiation ability test, it can be confirmed through 
immunofluorescence staining and gene expression af-
ter differentiation into ectoderm (OTX2), mesoderm 
(Brachyury), and endoderm (SOX17). In the case of ter-
atoma assay, a certain amount of pluripotent stem cells 
is implanted into the back, genitals, and muscles of an 
immunocompromised mouse and observed for a cer-
tain period of time. As for the size of the teratoma, 
a lump can be felt at the injection site starting from 
the 30th day, and the subject is sacrificed within 3 
months to perform histopathology. The structures of 
the ectoderm, mesoderm, and endoderm must be con-
firmed through histopathology.

  2) Quality requirements for cells
    When directly collecting human-derived cells, if it is 

deemed necessary to produce skin organoids with sta-
ble quality, a donor compatibility test should be es-
tablished and conducted. 

    When producing iPSCs using human cells, items and 
standards must be set to confirm that there are no 
characteristics and contaminants for the starting cells 
used for the iPSCs. 

    After establishing pluripotent stem cells, set a con-
firmation test using positive markers expressed in the 
cells used, and set purity test items if there are cells 
or tissues that may be mixed during the cell separa-
tion and culture process and may interfere with the 
production of consistent skin organoids. Skin organo-
ids derived from pluripotent stem cells also require 
the test method (e.g., STR) to confirm the origin cells. 
Additionally, genetic stability testing (e.g., CNV or 
SNP) should be performed to assess for genetic mu-
tations. Furthermore, sterility testing, adventitious vi-
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rus rejection testing, and testing for basic contami-
nants such as mycoplasma should be conducted. These 
tests can help maintain the characteristics and quality 
of skin organoids consistently and enhance the reli-
ability of toxicity and efficacy evaluations.

    If human-derived cells are not directly collected, cells 
that are confirmed by COA based on quality test re-
sults must be used to manufacture skin organoids.

  3) Cell suppliers
    If a researcher or developer directly secures the origin 

cells, obtain human cells or tissues according to the le-
gal procedures for research using human derivatives, 
isolate/cultivate the cells directly through primary cul-
ture, and confirm the cell characteristics and quality. 

    Alternatively, cells can be supplied through an organ-
ization that can issue a COA that can confirm cell 
characteristics and quality.

Culture
  Organoids derived from pluripotent stem cells:
a. Essential elements
  When producing skin organoids using pluripotent stem 

cells, various protocols can be applied depending on the 
components required, but the following conditions can 
be referred to as examples (28).

  1) Media components
    As an example, when producing skin organoids after 

differentiating fibroblasts and keratinocytes from plu-
ripotent stem cells, the following media conditions 
can be used.

    Fibroblast differentiation media (FDM)
    FDM1
    ㆍDulbecco’s modified Eagle’s medium (DMEM)/F12 

(3：1) (cat. no. 11965118; Gibco)
    ㆍFetal bovine serum (cat. no. 10099141; Gibco)
    ㆍAdenine (cat. no. A2786; Sigma-Aldrich)
    ㆍInsulin, human recombinant, zinc solution (cat. no. 

12585014; Gibco)
    FDM2
    ㆍDMEM/F12 (1：1) (cat. no. 11330032; Gibco)
    ㆍFetal bovine serum
    ㆍMEM Non-Essential Amino Acid Solution (cat. no. 

11140050; Gibco)
    Keratinocyte differentiation media (KDM)
    KDM1
    ㆍDMEM/F12 (3：1)
    ㆍFetal bovine serum
    ㆍL-Ascorbic acid (cat. no. A5960; Sigma-Aldrich)
    ㆍInsulin, human recombinant, zinc solution

    KDM2
    ㆍDefined Keratinocyte serum free medium (SFM) 

(cat. no. 10744019; Gibco)
    ㆍL-Ascorbic acid
    ㆍInsulin, human recombinant, zinc solution
    ㆍAdenine
    KDM3
    ㆍDefined Keratinocyte SFM＋Keratinocyte SFM 

(1：1) (cat. no. 17005042; Gibco)
    As an example, when producing skin organoids con-

taining hair follicles by simulating the skin develop-
ment process in pluripotent stem cells, the following 
media conditions can be used.

    EB formation 
    ㆍEssential 8 Medium (cat. no. A1517001; Gibco)
    ㆍY-27632 (cat. no. 1293823; BioGems)
    Surface ectoderm induction 
    ㆍEssential 6 Medium (cat. no. A1516401; Gibco)
    ㆍSB 431542 (cat. no. 1614; Tocris)
    Cranial neural crest induction
    ㆍEssential 6 Medium
    ㆍLDN-193189 (BMP inhibitor) (04-0074-10; Stemgent)
    Skin maturation 
    ㆍAdvanced DMEM/F12 50% (cat. no. 12634010; Gibco)
    ㆍNeurobasal Medium 50% (cat. no. 21103049; Gibco)
    ㆍGlutaMAX Supplement 1X (cat. no. 35050061; Gibco)
    ㆍB-27 Supplement, minus vitamin A (cat. no. 

12587010; Gibco)
    ㆍN-2 Supplement (cat. no. 17502048; Gibco)
    ㆍ2-Mercaptoethanol (cat. no. 21985; Gibco)
  2) Growth factors
    As an example, when producing skin organoids by 

differentiating pluripotent stem cells into fibroblasts 
and keratinocytes, the following essential growth factors 
are included during the differentiation process

    FDM 
    ㆍEpidermal growth factor (EGF) (cat. no. AF- 

100-15; PeproTech)
    ㆍBone morphogenetic protein 4 (BMP-4) (cat. no. 

120-05ET; PeproTech)
    KDM
    ㆍRetinoic acid (cat. no. R2625; Sigma-Aldrich)
    ㆍBMP-4
    ㆍEGF
    As an example, when producing skin organoids in-

cluding hair follicles by simulating the skin develop-
ment process in pluripotent stem cells, the following 
essential growth factors are included during the dif-
ferentiation process.
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Fig. 1. Fibroblast (F) differentiation 
using induced pluripotent stem cells 
(iPSCs). Morphology of cells are shown
on different time points. Scale bars= 
200 μm.

Fig. 2. Keratinocyte (K) differenti-
ation using induced pluripotent stem 
cells (iPSCs). Morphology of cells are 
shown on different time points. Scale 
bars=200 μm.

  Cranial neural crest induction
  ㆍBasic fibroblast growth factor (bFGF) (cat. no. 

100-18B; PeproTech)
  Surface ectoderm induction
  ㆍBMP4 
  ㆍbFGF
  3) Reagents
    As an example, when producing skin organoids by 

differentiating pluripotent stem cells into fibroblasts 
and keratinocytes, the following reagents are required.

    ㆍDulbecco’s Phosphate Buffered Saline (DPBS) (cat. 
no. 14190094; Gibco)

    ㆍTrypLE Express Enzyme (cat. no. 12604013; Gibco)
    ㆍY-27632 (Rho-associated protein kinase [ROCK] 

inhibitor)
    ㆍType I collagen 
    ㆍType IV collagen
    ㆍTransforming growth factor-β (TGF-β) inhibitor
    As an example, when producing a skin organoid con-

taining hair follicles by simulating the skin develop-
ment process in pluripotent stem cells, the following 
reagents are required.

    ㆍAccutase
    ㆍY-27632 (ROCK inhibitor)
    ㆍSB 431542 (TGF-β inhibitor)
    ㆍLDN-193189 (BMP inhibitor)
    ㆍ2-Mercaptoethanol
b. Culture process and requirements
  1) Culture protocols
    As an example, the following culture protocol can be 

used when producing skin organoids by differentia-
ting pluripotent stem cells into fibroblasts and kerati-
nocytes. 

  [Fibroblast differentiation]
  EB generation 
  Dispense the required amount of iPSCs into a 50 mL 

conical tube to make 1.0×104 cells/25 μL concentration. 
Dispense 25 μL into the lid of a 90 mm Petri dish to 
make 100 EBs. Treat the bottom of the 90 mm Petri 
dish with DPBS and carefully turn over the lid of the 
90 mm Petri dish into which EB was dispensed. Culti-
vate for 1 day in a 37℃, 5% CO2 incubator.

  Fibroblast differentiation 
  Create a coating dish by treating Matrigel with 20 mL 

of DMEM/F12 (1：1). One-day-old EBs were placed on 
a matrigel-coated dish, treated with 100 EBs with FDM1
(＋EGF) medium, and cultured in a 37℃, 5% CO2 
incubator. On the 2nd day, replace the medium with 
FDM1(＋EGF) without ROCK inhibitor. On the 4th day, 
replace the medium with FDM1(＋EGF) containing BMP- 
4. On the 7th day, change the medium to FDM2 and re-
place the medium every 2 days. On the 14th day, inocu-
late the cultured 2×106 cells in a non-coated dish with 
FDM1(＋EGF) medium and replace the medium with FDM1 
(＋EGF) every 2 days. On the 21st day, prepare a coating 
dish by treating it with type I collagen. Inoculate 2×106 
cells with FDM1(＋EGF) medium in a type I collagen 
coated dish and replace the medium with FDM1(＋EGF) 
every 2 days. On day 28, inoculate 2×106 cells in a non- 
coated dish with FDM1(＋EGF) medium and culture in 
a 5% CO2 incubator at 37℃.

  [Keratinocyte differentiation]
  EB generation 
  Proceed in the same way as EB generation of fibroblast 

differentiation.
  Keratinocyte differentiation 
  After one day, the EBs are treated with iPSC culture me-
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dium containing BMP-4 and seeded in 90 mm Petri 
dishes. The next day, prepare a coating dish by treating 
it with type IV collagen. EBs are treated with KDM1(＋
retinoic acid, BMP-4, EGF) medium containing 10 μM 
ROCK inhibitor. Treat 100 EBs on a type IV collagen 
coated dish and incubate in a 37℃, 5% CO2 incubator. 
On the 2nd day, replace the medium with KDM1(＋ret-
inoic acid, BMP-4, EGF) and replace the medium every 
2 days. On day 9, change to KDM2(＋retinoic acid, 
BMP-4, EGF) medium and change medium every 2 
days. On day 13, change to KDM3(＋BMP-4, EGF) me-
dium and change medium every 2 days.

  3D skin organoid
  Prepare 5 mL of type 1 collagen mixture (PBS, NaOH, 

dH2O) and store on ice. Add 2×105 iPSC-derived Fibro-
blasts to 1.5 mL FDM1, mix, and neutralize with type 
1 collagen solution (1：1). Place the membrane insert of 
the transwell plate on a 6-well microplate, transfer the 
mixture to the insert, and incubate at room temperature 
for 30 minutes. After gelation is confirmed, add 2 mL of 
medium to the top of the insert and 3 mL to the bottom 
of the well. Incubate fibroblasts and collagen matrices at 
37℃ in 5% CO2 for 5∼7 days until gelation is complete. 
After complete gelation, prepare iPSC-derived keratino-
cyte 1×106 cells. Mix 1×106 cells with 50∼100 μL of low 
calcium epithelial medium (EP1). All medium from the 
matrix is aspirated and 1×106 iPSC-derived keratino-
cytes are seeded on each fibroblast layer. Incubate for 
30 minutes at 37℃ and 5% CO2. Add 2 mL of EP1 to 
the top of the insert and 3 mL of EP1 to the bottom 
of the well. After 2 days, remove all medium from the 
membrane insert plate and replace the medium with 
normal calcium epithelial medium (EP2) for 2 days. 
After 2 days, remove all medium and add 3 mL of com-
plete cornification medium only to the bottom to create 
an air-liquid interface. Maintain the 3D skin tissue mod-
el at 37℃ in 5% CO2 for up to 14 days, replacing the 
medium every 2 days. The edges of the insert are cut 
off to obtain a 3D skin tissue model.

  As an example, when producing skin organoids contain-
ing hair follicles by simulating the skin development 
process in pluripotent stem cells, the following culture 
conditions can be used.

  EB formation
  Separate hPSC colonies into single cells using accutase, 

and seed hPSCs at 1 to 3×103/well in a U-bottom low- 
attachment 96-well plate containing EB formation media.

  Surface ectoderm induction
  Two days after starting EB formation, one EB per well 

is transferred to a U-bottom low-attachment 96-well 

plate containing surface ectoderm induction media con-
taining bFGF and BMP-4, and differentiation begins.

  Cranial neural crest induction
  Four days after surface ectoderm induction, the media 

is replaced with cranial neural crest induction media 
containing bFGF, and culture is performed for approx-
imately 8 days.

  Skin organoid maturation
  Cranial neural crest induction is performed for approx-

imately 8 days, then replaced with skin maturation media 
to induce skin organoid formation through self-organi-
zation. A clear hair follicle shape is observed between about 
75 and 85 days from the start of differentiation, and skin 
organoids with the structure of the epidermis, dermis, sub-
cutaneous fat, and hair follicles are obtained at about 110 
days from the start of differentiation. At the point when hair 
follicle morphology is observed, skin organoids in a flat form 
can be obtained through air-liquid interface culture.

  As an example, dendritic cells for loading into skin orga-
noids can differentiate under the following conditions.

  Differentiation of dendritic cells from PBMC
  Using anti-CD14 antibody, monocytes of the myeloid 

lineage are separated through MACS sorting. After-
wards, monocytes are stimulated with recombinant hu-
man interleukin (IL)-4 (250 U/mL) and granulocyte- 
macrophage colony-stimulating factor (GM-CSF) (1,000 
U/mL). After 48 hours, the cells were stimulated again 
with IL-4 (250 U/mL) and GM-CSF (1,000 U/mL) to ob-
tain immature dendritic cells on day 5 (29, 30).

  Differentiation of dendritic cells from iPSCs
  When differentiating dendritic cells from iPSCs (ipDCs), 

differentiation proceeds according to the following steps: 
(i) progressive differentiation of iPSCs through cells of the 
hematopoietic lineage and early mesoderm, (ii) regu-
lation of the resulting ipDCs to enhance intrinsic toler-
ance, and (iii) enrichment of the CD141＋ subset.

  iPSCs are cultured using mTesR1 medium ssupple-
mented with GM-CSF, BMP-4, stem cell factor (SCF), 
and vascular endothelial growth factor (VEGF). After-
wards, the medium is regularly changed every 2 to 3 
days using a differentiation medium. BMP-4 is removed 
on day 5, VEGF is removed on day 14, and SCF is re-
moved on day 19 of culture, leaving only GM-CSF to 
maintain dendritic cell precursors and immature den-
dritic cells. IL-4 is added to finally form dendritic cells.

  2) Culture environments
    The basic culture conditions are 37℃ and 5% CO2 

incubator, but in some cases, 3D culture, dynamic 
culture, air-liquid interface culture and dry condition 
can be selectively applied. 
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Quality requirements and assessment
  Quality requirements for organoids:
a. Morphological quality
  3D Skin organoid
  Skin organoids can have a sheet or sphere shape.
b. Cell composition
  The epidermal layer is mainly composed of keratino-

cytes, and the dermal layer is mainly composed of fib-
roblasts. Depending on the purpose and use of the skin 
organoid, it may include adipocytes, melanocytes, hair 
follicle tissue cells, nerve cells, vascular cells, immune 
cells, etc. in the subcutaneous fat layer. 

c. Organ-specific function
  1) Skin barrier function
    The most important function of the skin is to protect 

the human body from external physical, chemical, and 
biological stimuli by forming a barrier between the 
external environment and the human body. The skin 
barrier is made up of tight junctions between kerati-
nocytes located on the outermost side of the epider-
mis, keratinocyte interstitial lipids, and the granular 
layer, and has the function of preventing excessive 
moisture loss and harmful substances from the ex-
ternal environment from entering the body (31). Among 
Organization for Economic Cooperation and Develop-
ment test guidelines (OECD TGs), most skin safety 
evaluation tests (skin irritation, skin corrosion, photo-
toxicity tests, etc.) are closely related to skin barrier 
function (32).

  2) Skin sensitization reaction
    When the skin is exposed to an antigen that causes 

an immune cell sensitization from the outside, the 
skin shows a skin sensitization reaction according to 
four key events (KEs) (33). KE1 is the binding re-
action between antigen and skin protein, KE2 is the 
activation of keratinocytes and secretion of inflam-
matory cytokines, KE3 is the activation of dermal 
dendritic cells in the dermal layer and migration to 
the lymph nodes, and KE4 is the activation of T cells 
by antigen presented from dendritic cells. This is a 
reaction in which cells become activated and differ-
entiate into memory T cells. Skin organoids loaded 
with immune cells, designed to display a skin sensiti-
zation response, must be able to display appropriate 
KE functions depending on the purpose.

  3) Skin elasticity
    Among the various functions of the skin, it can be 

considered a representative aesthetic function, and is 
an item that developers of various products such as 
cosmetics, health functional foods, and medical de-

vices typically want to evaluate in terms of effecti-
veness. Skin elasticity is an item that is mainly influ-
enced by both the epidermis and dermis layers, and 
is mainly related to the matrix protein synthesis abil-
ity of the dermis layer (34).

  4) Accessory cells and appendage functions
    In addition to epidermal cells and dermal cells, mela-

nocytes and immune cells exist within the skin, and 
sebaceous glands, sweat glands, hair follicles, sensory 
receptors, and blood vessels exist to perform various 
roles, and skin organoids must include target cells and 
appendages for each purpose of use. The cells and ap-
pendages of skin organoid must perform the follow-
ing functions (18).

    ㆍHair follicle: function to form hair
    ㆍSebaceous glands: function to synthesize fat compo-

nents to form the skin fat layer
    ㆍMelanocytes: function to be activated in response to 

melanocyte formation stimuli such as ultraviolet rays
d. Chromosomal karyotype and identity (STR analysis)
  For skin organoids, CNV or SNP analysis is recommen-

ded to evaluate for basic chromosomal abnormalities. 
Additionally, if there is a possibility of mixing of other 
cells during the process of isolation, culture, and differ-
entiation of the originating cells, STR analysis should 
be performed on the produced skin organoids (35).

  Organoid quality endpoints:
a. Size and number of target cells per size
  The size and shape of skin organoids can be manufac-

tured in sheets or spheres of various sizes depending on 
the purpose. As an example, skin organoids produced 
by differentiating fibroblasts and keratinocytes can be 
produced with the following sizes and target cell numbers.

  3D skin organoid
  6well transwell membrane insert size
  Number of target cells required to create 3D skin organoid
  ㆍFibroblast: 2×105

  ㆍKeratinocyte: 1×106

b. Required target cells and accessory cell composition 
(cell composition)

  Fibroblast
  Similar to primary fibroblast, it is flat and elongated, 

spindle-shaped or star-shaped.
  Keratinocyte
  It has a polygonal shape similar to primary keratinocyte.
  Other accessory cells
  Depending on the production method, it may contain 

adipocytes, melanocytes, hair follicle tissue cells, nerve 
cells, vascular cells, immune cells, etc.
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c. Specific gene expression and functional assay
  1) Specific gene expression
    After producing skin organoids, the formation of skin 

cells and tissues can be confirmed through well-known 
marker proteins or gene expression, and representa-
tive cell/tissue-specific markers are as follows.

    Epidermal marker
    Keratinocyte: OCT4−, Np63＋, KRT5＋, KRT14＋
    Skin barrier: Filaggrin
    Granular layer: Loricrin
    Spinous layer: Cytokeratin 10
    Periderm and basal layer, epidermal stem cell: Cyto-

keratin 15
    Basal layer: Cytokeratin 5, Collagen 4
    Dermal marker
    Fibroblast: OCT4−, Pax6−, Sox1−, CD44＋, Col1＋, 

Col3＋, Vimentin＋
    Connective tissue: Collagen 1/3, Vimentin, Fibronec-

tin, Elastin
    Hypodermis
    Adipocyte, fat tissue: Lipid TOX
    Appendages
    Hair follicle: Cytokeratin 15
    Dermal Papilla/Merkel cells: SOX2
    Outer root sheath: Cytokeratin 17
    Melanocyte: MelanA
    Sebaceous Gl.: Lipid TOX
    Neuronal Cells: Tuj-1
  2) Functional test
    The following test methods can be used for the repre-

sentative functions of skin organoids, such as skin 
barrier function, skin sensitization response, skin elas-
ticity, and functions of accessory cells or appendages.

    (1) Skin barrier function
      The skin barrier function is mainly formed by 

physical and physiological functions through the 
stratum corneum and tight junctions between cells 
and must have sufficient defense ability against the 
rapid penetration of cytotoxic indicators.

      Evaluation of this protective ability is performed by 
treating skin organoids at specific concentrations 
and time conditions using toxic standard substan-
ces such as Triton X-100. Half maximal effective 
concentration (EC50, time taken to reduce to 50%) 
and half maximal inhibitory concentration (IC50, 
concentration at which cell survival rate decreases 
to 50% when treated for a specific time) are de-
termined through cell viability evaluation based on 
MTT assay, and through this, stable skin barrier 
function can be confirmed. Check whether it ap-

pears reproducibly and use it in evaluation tests re-
lated to skin barrier function (skin corrosion test, 
skin irritation test, etc.). 

      For tests related to skin barrier function, refer to 
the OECD TG and validation report below:

      ㆍOECD guideline for testing of chemicals 431 (in 
vitro skin corrosion: human skin model test) (9)

      ㆍOECD guideline for testing of chemicals 439 (in 
vitro skin irritation: human skin model test) (8)

      ㆍKeraSkinTM SIT validation report (36)
    (2) Skin sensitization reaction
      Depending on the purpose of evaluating the skin 

sensitization reaction, the functionality should be 
evaluated by referring to the OECD TG developed 
by identifying KEs. If it is difficult to apply the 
OECD TG test method as is due to the character-
istics of skin organoids, a valid test method based 
on scientific mechanisms can be performed instead 
of functional evaluation. Depending on the item to 
check, evaluate functionality by referring to the fol-
lowing OECD TG.

      KE1) Binding reaction between skin proteins - OECD 
TG 442C

      KE2) Activation of keratinocytes and secretion of 
inflammatory cytokines - OECD TG 442D

      KE3) Activation of dermal dendritic cells in the der-
mal layer and migration to lymph nodes - OECD 
TG 442E

      KE4) T cell activation and differentiation into mem-
ory T cells - OECD TG 429, 442A, 442B (37-39)

    (3) Skin elasticity
      A number of efficacy evaluation tests targeting skin 

tissue have been developed as a form of human study. 
When evaluating using a human skin model, the 
evaluation is performed through cell density or the 
degree of matrix protein formation. Test methods 
applied to matrix protein evaluation include Picro-
sirius Red (PSR)/Mason’s trichrome staining, which 
can evaluate collagen which is a representative con-
nective tissue. In addition, immunostaining is per-
formed for specific cell and matrix protein markers 
to determine skin elasticity and differences between 
study groups.

     (4) Accessory cells and appendage functions
      In addition to epidermal cells and dermal cells, me-

lanocytes and immune cells exist in the skin, and 
sebaceous glands, sweat glands, hair follicles, sen-
sory receptors, and blood vessels exist to perform 
various roles. Skin organoids including the neces-
sary cells and appendages can be manufactured ac-
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cording to the purpose, and functionality is needed 
to be evaluated. Functional testing is performed to 
ensure that the following elements are confirmed:

      ㆍHair follicles: Significant increase in hair growth 
when treated with active substances.

      ㆍSebaceous glands: Significant changes in fat com-
position when treated with substances that affect 
fat formation, such as preventing acne.

      ㆍMelanocytes: Significant increase or decrease in 
melanocytes due to melanocyte formation stimu-
lants such as ultraviolet rays or treatment with 
whitening substances.

  Methods for each quality evaluation metric:
  Characteristics and cell viability: Depending on the 
purpose of use of skin organoids, standards for size and 
cell viability evaluation methods should be established 
and managed. For cell viability, standards should be set 
to ensure reproducible test results, but the standards 
should be set in a range of at least 80% or higher.
  Confirmation (specific gene expression): Skin organoids 
may contain various tissue layers and cells depending on 
the purpose of use and are described in “Specific gene ex-
pression and functional assay” section of this document. 
Referring to the markers for each cell and tissue described 
in “Specific Gene Expression and Functional Testing,” 
identify and manage confirmation markers according to 
the definition of the developed skin organoid. The evalua-
tion method for confirmation markers uses protein or ge-
netic analysis methods such as immunostaining or reverse 
transcription-polymerase chain reaction (RT-PCR).
  Functional test: For toxicity evaluation, skin barrier 
function must be evaluated, and for efficacy evaluation, 
appropriate functional tests should be set and performed 
depending on the purpose. Typically, skin barrier tests re-
lated to toxicity evaluation can be performed by referring 
to the information below:
  1) Skin barrier function: Refer to the functional test 

method mentioned in the “Specific Gene Expression 
and Functional Testing” section, perform EC50/IC50 
evaluation on standard materials, and confirm con-
sistent barrier function. For detailed methods, refer 
to the OECD TG and validation report below:

    ㆍOECD guideline for testing of chemicals 431 (in vi-
tro skin corrosion: human skin model test) (9)

    ㆍOECD guideline for testing of chemicals 439 (in vi-
tro skin irritation: human skin model test) (8)

    ㆍKeraSkinTM SIT validation report (36)
  2) Skin sensitization reaction
    Depending on the purpose of evaluating the function 

for skin sensitization, the functional test for each KE 

should be evaluated with reference to the following.
    KE1) As listed in OECD TG 442C, the haptenation 

process is evaluated by quantifying the response of 
the test substance to a synthetic peptide model con-
taining lysine or cysteine. Or, perform an evaluation 
using a scientifically based test method that can prove 
the haptenation process.

    KE2) As listed in OECD TG 442D, a luciferase assay 
is performed using the mechanism of activation of an-
tioxidant response element (ARE)-dependent genes by 
Nrf-2, or a test that can explain the mechanism based 
on scientific evidence. 

    KE3) As listed in OECD TG 442E, it can be eval-
uated that the expression of surface antigen markers 
such as CD86 or CD54 that can confirm the activity 
of dendritic cells, or cytokines that can represent the 
activity of dendritic cells, such as IL-8.

    KE4) As listed in OECD TG 429, 442A, 442B, T cell 
activity is closely related to increased T cell proliferation, 
so T cell proliferation can be assessed through BrdU as-
say-based fluorescence activated cell sorting (FACS) or 
enzyme-linked immunosorbent assay (ELISA) analysis.

  3) Skin elasticity: Use PSR/Mason’s trichrome staining 
or immunostaining for specific matrix proteins to 
evaluate collagen.

  4) Accessory cell/appendage functional test evaluation
    ㆍHair follicles: Significant changes in hair growth 

after treatment with active substances are presented 
through measurements of hair length and hair fol-
licle diameter.

    ㆍSebaceous glands: Evaluate changes in fat-forming 
ability of skin organoid tissue through special stai-
ning such as Oil Red O staining.

    ㆍMelanocytes: Changes in the number of skin orga-
noid tissues are evaluated through special staining 
or immunostaining for melanocytes.

    Monitoring of quality evaluation results (analysis by 
batch, cycle, etc.): The stability period of skin organo-
ids may vary depending on culture conditions. For the 
stability of skin organoids, basic histological evaluation 
and quality evaluation are conducted by setting two or 
three test points for the period to be used: the begin-
ning and end point must be included. Stability evalua-
tion is performed using one or more batches, and through 
this, storage conditions and expiration dates for skin 
organoids are established to enable stable and con-
sistent test results.
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Storage and preservation
  Storage protocol: The freezing and thawing process for 
skin organoids has not been clearly established to date, 
but for existing commercialized human skin models, stor-
age and transportation conditions at room temperature 
have been established. When a storage protocol for skin 
organoids is developed, the appropriateness of the protocol 
should be evaluated by considering the following matters 
and then an appropriate SOP should be established to store 
and preserve the skin organoids.
  Quality assessment factors after storage: Skin orga-
noids can be produced in a variety of ways depending on 
the purpose, and may be stored during the organoid pro-
duction process or upon completion of production. When 
storing skin organoids, quality evaluation should be perfor-
med considering the following matters, and storage condi-
tions and periods that can maintain a certain quality should 
be set and used for tests appropriate for the purpose.
a. Post-thaw viability or post-storage viability
  Since the stable survival rate of cells is the most im-

portant factor in maintaining the functional properties 
of skin organoids, a survival rate standard that can rep-
resent a certain level of function is set, and the cell sur-
vival rate after thawing or storage under specific con-
ditions is determined by that standard.

b. Microorganisms
  Considering that trace amounts of microorganisms that 

were not detected during the manufacturing process of 
skin organoids may be amplified during the storage pro-
cess or that external microorganisms may be introduced, 
sterility tests, adventitious virus and mycoplasma tests 
should be conducted after storage.

c. Identification of cells
  After storage, the identification marker items of the 

skin organoids are evaluated to confirm whether the ba-
sic characteristics of the skin organoids are maintained.

Organoid-Based Assays

Objectives
  Toxicity test: Skin hazard items designated by OECD 
or International Organization for Standardization (ISO) 
include skin corrosion/irritation, skin sensitization, and 
phototoxicity, and local toxicity evaluations such as skin 
corrosion/irritation using existing commercialized human 
skin models are used as internationally certified tests. 
(OECD TG 431, TG 439, TG 498, ISO 10993-23). 
  When applying OECD skin hazard evaluation alter-
nation test methods using a new skin organoid, evaluate 
the characteristics and quality requirements according to 

this guideline, and then evaluate the existing positve or 
negative reference material. After evaluating the feasibility 
of performance, optimizing the test method through pre-
liminary verification studies, and performing main ver-
ification of the test method (transferability, proficiency, 
reproducibility, predictability), accredited certification 
bodies (OECD, ISO) follow appropriate international re-
view procedures.
  Drug efficacy screening and effectiveness evaluation 
of cosmetic functional ingredients: When using skin or-
ganoids for the purpose of efficacy evaluation, it is neces-
sary to use an appropriate skin organoid model that can 
support the efficacy results or mechanism of action, and 
sufficient data to support the validity and reliability of the 
test method depending on the test purpose, and scientific 
basis must be presented together.
  Currently, there are no official guidelines for evaluating 
the efficacy of pharmaceuticals, and screening is being con-
ducted using self-developed test methods according to the 
mechanism and indications of each drug. On the other 
hand, the guidelines for evaluating the effectiveness of cos-
metic functional ingredients are published by the regu-
latory agency on various effectiveness items, focusing on in 
vitro tests and human application tests, suggesting that skin 
organoids can be developed and used for these purposes.

Required equipment and instruments
  Various cell and biochemical instruments, such as CO2 
cell culture equipment, tissue slide production equipment, 
optical microscope, fluorescence microscope, ELISA, PCR, 
MicroArray, and flow cytometry, can be used in various 
ways depending on the purpose of use or the toxicity end-
point to be evaluated.
  However, it should be noted that calibration, manage-
ment standards, usage protocols, etc. must be presented 
in detail so that they can all be applied to good laboratory 
practice (GLP).

Test protocol (test procedure)
  To evaluate a specific toxicity endpoint with the skin orga-
noids produced using a novel method, it is critical to refer 
to existing test protocols and develop a protocol suitable for 
skin organoids. The protocol generally consists of stabiliza-
tion, material handling, cleaning, culture, and final toxicity 
endpoint evaluation and negative-positive evaluation criteria.
  The protocol must be optimized to accurately determine var-
ious categories of positive and negative controls, and can be 
added or deleted to maximize prediction and reproducibility. 
  The protocol must be clearly described so that it can 
be passed on to general GLP testing laboratories, and the 
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reasonable range of reference materials and evaluation re-
sults for evaluating the proficiency of the protocol must 
also be presented.

Test results standard form (compilation and 
certification of results)
  The results of GLP tests should be written and pre-
sented according to a standard format.
Test substances and control substances
ㆍSingle composition substance: Information necessary for 

chemical substance identification, such as IUPAC or 
CAS name, CAS number, SMILES or InChI code, struc-
tural formula, etc.

ㆍMulti-composition substances, UVCBs (Unknown or 
Variable composition, Complex reaction products or 
Biological materials) and mixtures: chemical identity, 
purity, quantitative occurrence of ingredients, and re-
lated physicochemical properties

ㆍPhysical state, pH, volatility, molecular weight, chemical 
classification and additional relevant physicochemical 
properties

ㆍPurity and chemical properties of impurities
ㆍPretreatment of test material (e.g., warming, etc., if ap-

plicable)
ㆍStorage conditions and stability
Test information
ㆍName and address of test sponsor, test facility, and per-

son in charge of research
ㆍDescription of test method
ㆍDetails of test procedure
ㆍDescription and step-by-step confirmation data on orga-

noid production, including cell line, cell line source, cell 
passage number, cell density, etc.

ㆍReagent supplier, catalog number and lot number
ㆍDuration of each step in organoid preparation
ㆍQC inspection data for organoid system
Test conditions and methods
ㆍTest substance preparation record
ㆍTest substance exposure conditions and test substance 

preparation details
ㆍLot number of organoid model
ㆍTime taken to remove the organoid model from the CO2 

incubator and expose it to the test substance
ㆍConcentration of test substance
ㆍExposure time of test substance
ㆍNumber of experimental repetitions for each test and 

number of organoid models used in each experiment
ㆍDescription of modifications or changes to test proce-

dures
ㆍProficiency test materials and results

Ethical Considerations

  Since skin organoids are produced using human de-
rivatives, approval of institutional review board (IRB) 
must be secured for the experimental plan which has a 
risk to obtain the informations of donors.
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