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Name ID Accession number ID Forward primer (5° Reverse primer (5

PRM1 NM_174,156.2 CAGCCCACAAATTCCACCT TGAGGCGCATCGGTATCT
PRM2 NM_174,1574 CGCTACCACTACAGACACAG AAGCTTAGAGCTGCCTTCC
SPERT NM_152,719.3 CTGAAATGTAGGGTGGAGGAATC GTACAAGTTGTGGAGCCTCAG
SPACA9 NM_001101193.2 GAACGCCCACGACAAGAT GCAGATGTCCAGGAACATGA
GAPDH NM_001034034.2 TCATCATCTCTGCACCTTCTG ATGCCAAAGTGGTCATGGA
ACTB NM_173,979.3 TCTTCCAGCCTTCCTTCCT TAGAGGTCCTTGCGGATGT
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Spermatids (n) (%) Diploid cells (2n) (%) No signal (%)

‘ Bull 1 740 110 15.0
‘ Bull 2 720 210 7.0

‘ Bull 3 67.0 210 120
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Monkey

species

Age

Research center

References

Rhesus Macaque N/A | Differentiation of primate primordial germ cell-like | Oregon National Primate Research Center (ONPRC),  Sosa et al. (2018)
cells following transplantation into the adult gonadal United States
niche
Rhesus Macaque | 8-14 years | Acetylcholine and necroptosis are players in follicular | Oregon National Primate Research Center (ONPRC), | Du et al. (2018)
development in primates United States
Rhesus Macaque | 2 years | In vitro differentiation of rhesus macaque bone State Key Laboratory of Primate Biomedical Research, | Wang et al. (2020a)
(male) marrow- and adipose tissue-derived MSCs into Institute of Primate Translational Medicine, Kunming
hepatocyte-like cells University of Science and Technology, China
Cynomolgus 4-10 years | Granulosa cell proliferation is inhibited by PGE2 in the | Department of Physiological Sciences, Eastern Virginia  Lundberg et al.
Macaques primate ovulatory follicle Medical School, United States (2020)
Cynomolgus 5-8 years | Chimeric contribution of human extended pluripotent | State Key Laboratory of Primate Biomedical Research | Tan et al. (2021)
Macaque stem cells to monkey embryos ex vivo (LPBR), United States
Cynomolgus 6-8 years | Primate gastrulation and early organogenesis at single- UT Southwestern Medical Center, United States Zhai et al. (2022)
Macaque cell resolution
Cynomolgus 5-12 years | Cynomolgus monkey embryo model captures CAS Center for Excellence in Brain Science and Liet al. (2023a)
Macaque gastrulation and early pregnancy Intelligence Technology, Chinese Academy of Sciences,
China
Cynomolgus 7-10 years | Neurulation of the cynomolgus monkey embryo Xieerxin Biology Resource with the accreditation of the  Zhai et al. (2023)
Macaque achieved from 3D blastocyst culture laboratory animal care facility in Bejing, China
Cynomolgus 5-12 years | Ex utero monkey embryogenesis from blastocyst to | State Key Laboratory of Primate Biomedical Research |~ Gong et al. (2023)
Macaque early organogenesis (LPBR), United States
Rhesus Macaque | 6-14 years | Dynamic changes in gene expression of growing Department of Animal Science, Michigan State University, | VandeVoort et al.

N/,

g muatlabdy

nonhuman primate antral follicles

United States

(2024)
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Monkey

species

Research center

References

Rhesus Macaque

Rhesus Macaque
Cynomolgus
Macaque

Geoffroy's spider
monkey (male)

Rhesus Macaque
Cynomolgus
Macaque (female)

N/A

Cynomolgus
Macaque

Cynomolgus
Macaque

Rhesus Macaque

10-25 years

4-27 years

4.5-12 years

13-27 years

419 years

5-20 years

4-20 years

419 years

3-23 years

22-28 years

Neuroendocrine changes in the aging reproductive axis
of female rhesus macaques (Macaca mulatta)

Heterogeneity of reproductive aging in free-ranging
female rhesus macaques

Experimental induction of reduced ovarian reserve in a
nonhuman primate model (Macaca fascicularis)

Aging-related reproductive decline in the male spider
monkey (Ateles geoffroyi)

Age-specific gene expression profiles of rhesus monkey
ovaries detected by microarray analysis

Single-cell transcriptomic atlas of primate ovarian aging

Single-cell profiling of mouse and primate ovaries
identifies high levels of EGER for stromal cells in ovarian

aging

Aging hallmarks of the primate ovary revealed by
spatiotemporal transcriptomics

Stem cell transplantation extends the reproductive life
span of naturally aging cynomolgus monkeys

Cellular and molecular mechanisms of highly active
‘mesenchymal stem cells in the treatment of senescence of
thesus monkey ovary

Oregon National Primate Research Center
(ONPRC), United States

Miami Dade College and University of Miami,
United States

Wake Forest University Primate Center,
United States

Instituto Nacional de Psiquiatria Ramén de la
Fuente Muiiiz in Mexico City (INPREM), Mexico

South China Agricultural University, China

Chinese Academy of Sciences, China

Department of Gynecology and Obstetrics,
Huazhong University of Science and Technology,
China

National Clinical Research Center for Geriatric
Disorders, Xuanwu Hospital Capital Medical
University, China

Chinese Academy of Sciences, China

Kunming Medical University, China

Downs and Urbanski
(2006)

Johnson and Kapsalis
(2008)

Appt et al. (2010)
Hernandez-Lopez
etal. (2012)
Wei et al. (2015)

Wang et al. (2020b)

Wei et al. (2023)

Lu et al. (2024)

Yan et al. (2024)

Wang et al. (2024)
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Monkey species

Fertility preservation References

Rhesus Macaque

Common Marmoset

Rhesus Macaque

Common Marmoset

Rhesus Macaque

Rhesus Macaque, Cynomolgus
macaque, Common Marmoset
(male)

Common Marmoset

Various

18, 21 months
of age

0-10 days

5 years

1.5-4 years

Puberty

N/A

1-15 years

N/A

Effect of cold storage and cryopreservation of immature
non-human primate testicular tissue on spermatogonial
stem cell potential in xenografts

Cryopreservation of ovaries from neonatal marmoset

monkeys

Subcutaneous ovarian tissue transplantation in nonhuman
primates: duration of endocrine function and normaley of
subsequent offspring as demonstrated by reproductive
competence, oocyte production, and telomere length

Expression of transcripts in marmoset oocytes retrieved
during follicle isolation without gonadotropin induction

Autologous grafting of cryopreserved prepubertal rhesus
testis produces sperm and offspring

Comparative computer-assisted sperm analysis in non-
human primates
Production of marmoset eggs and embryos from

xenotransplanted ovary tissues

Best practices for cryopreserving sperm in nonhuman
primates: a systematic review and meta-analysis

option
Standard freezing using Jahnukainen et al.
Ethylene glycol and DMSO (2007)

Motohashi and
Ishibashi (2016)

Vitrification

Ovarian cortical tissue
transplantation

Lee et al. (2017)

In vitro maturation of oocyte Kim et al. (2019)

Testis cryopreservation Fayomi et al. (2019)

Sperm kinematic parameter  Schmidt et al. (2021)

Ovary transplantation Hirayama etal. (2023)

Cryopreserving sperm Sadeghi et al. (2025)
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Generation of PSCs and chimeric embryos using NHPs

Monkey Types Title Manipulated Manipulation Research center References
species genes methods
Rhesus Macaque iPSCs Generation of naive induced N/A N/A Peking University, China | Fang etal. (2014)
pluripotent stem cells from
rhesus monkey fibroblasts
Cynomolgus ESCs Discrimination of stem cell N/A N/A RIKEN BioResource Center, | Honda et al.
Macaque status after subjecting Japan (2017)
cynomolgus monkey
pluripotent stem cells to naive
conversion
Rhesus Macaque Blastocyst | Single-cell RNA sequencing N/A N/A State Key Laboratory of | Liu et al. (2018)
reveals the existence of naive Primate Biomedical Research,
and primed pluripotency in Institute of Primate
pre-implantation rhesus Translational Medicine,
monkey embryos Kunming University of
Science and Technology,
China
Common Marmoset ESCs Primed to naive-like N/A N/A Central Institute for Shiozawa et al.
conversion of the common Experimental Animals, Japan (2020)
‘marmoset embryonic stem
cells
Cynomolgus Human- | Chimeric contribution of N/A Blastocyst State Key Laboratory of | Tan et al. (2021)
Macaque monkey | human extended pluripotent microinjection Primate Biomedical Research,
chimeric stem cells to monkey embryos Institute of Primate
embryos | ex vivo Translational Medicine,
Kunming University of
Science and Technology,
China
Common Marmoset ESCs Establishment of novel N/A N/A Central Institute for Kishimoto et al.
common marmoset Experimental Animals, Japan (2021)
embryonic stem cell lines
under various conditions
Rhesus Macaque Primate cross | Chimpanzee and pig-tailed BCLs Microinjection California National Primate | Roodgar et al.
species ‘macaque iPSCs: improved Research Center (CNPRC), (2022)
embryos | culture and generation of United States
primate cross-species embryos
Cynomolgus 5-10 years | Long-term in vivo chimeric GFP Intravenous injection | State Key Laboratory of | W et al. (2024)
Macaque, Rhesus cells tracking in non-human Primate Biomedical Research,
Macaque (male and primate Institute of Primate
female) Translational Medicine,
Kunming University of
Science and Technology,
China

Germ cell generation

Monkey Age Research center References
species
Common newborn, 8-week, adult | Comparative marker analysis after isolation and | German Primate Center, Géttingen, Germany Albert et al.
Marmoset marmoset monkeys | culture of testicular cells from the immature (2012)
marmoset
Cynomolgus N/A The germ cell fate of cynomolgus monkeys is Kyoto University, Shiga University of Medical Sasaki et al.
Macaque specified in the nascent amnion Science, Japan (2016)
Common N/A Efficient generation of marmoset primordial germ | Southwest National Primate Research Center | Seita et al. (2023)
Marmoset cell-like cells using induced pluripotent stem cells | (SNPRC), Texas Biomedical Research Institute,

United States

*ESCs: embryonic stem cells, iPSCs: induced pluripotent stem cells, N/A: not available.
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Monkey

species

Model
disease

Research center

References

Baboon

Rhesus Macaque

N/A

0ld world and new
world monkeys

Cynomolgus
Macaque

Rhesus Macaque

Common
Marmoset

Baboons (Papio
hamadryas)

8-13 years

8-9 years

N/A

N/A

8-13 years

10 years

N/A

N/A

Premature ovarian
insufficiency (POI)

N/A

N/A

Spontaneous
urogenital lesions

Premature ovarian
insufficiency (POI)

Pelvic organ
prolapse (POP)

Diminished
ovarian
reserve (DOR)

Uterine factor
infertility

A modified baboon model for endometriosis

Encapsulated three-dimensional culture
supports development of nonhuman
primate secondary follicles

In vitro modeling of the physiological and
discased female reproductive system

Urogenital lesions in nonhuman primates at
2 national primate research centers

Autologous transplantation of thecal stem
cells restores ovarian function in nonhuman
primates

Mesenchymal stem cell-based bioengineered
constructs enhance vaginal repair in
ovariectomized rhesus monkeys

Synergistic promoting effects of X-linked
inhibitor of apoptosis protein and matrix on
the in vitro follicular maturation of
marmoset follicles

Toward human uterus tissue engineering:
Uterine decellularization in a non-human
primate species

University of Illinois at Chicago,
United States Institute for Primate Research
in Nairobi, Kenya

Oregon National Primate Research Center
(ONPRC), United States

Department of Bioengineering, Imperial
College London, London, United Kingdom

Emory University, United States

Center for Stem Cell Biology and Tissue
Engineering, Key Laboratory for Stem Cells
and Tissue Engineering, Sun Yat-sen
University, China

Chinese Academy of Sciences, China

Dept of OBGY, Seoul National University
Hospital, South Korea

Laboratory for Transplantation and

Regenerative Medicine, Sahlgrenska

Academy University of Gothenburg
Gothenburg Sweden

Fazleabas et al.
(2002)

Xu et al. (2009)

Stejskalova et al.
(2021)

Kirejczyk et al.
(2021)

Chen et al. (2021)

Ma et al. (2021)

Kim et al. (2022)

De Miguel-Gomez
etal. (2024)
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Reproductive endocrinolo

Monkey
species

Age

Rhesus
Macaque

5-12 months

Olive Baboons | Reproductive

age

Rhesus
Macaque

7-8 years

Pregnancy

Monkey
species

Modeling

Endometriosis

gy and infertility

Model
disease

Title

Fetal, infant, adolescent
and adult phenotypes of
polycystic ovary
syndrome in prenatally
androgenized female
thesus monkeys

Polycystic
ovary
syndrome

Induction of
endometriosis alters the
peripheral and
endometrial regulatory
T cell population in the
non-human primate

N/A Metabolomics analysis
of follicular fluid coupled
with oocyte aspiration

reveals the importance of

Manipulated Manipulation

genes methods
N/A N/A
NIA NIA
NR3C1 Morpholino antisense
oligonucleotide
(MAO)

Research
center

‘Wisconsin National
Primate Research
Center, University of
Wisconsin,
United States

University of Illinois,
United States

Oregon National

Primate Research

Center (ONPRC),
United States

glucocorticoids in
primate periovulatory
follicle competency

Research center

References

Abbott et al.
(2009)

Braundmeier
etal. (2012)

Ravisankar et al.
(2021)

References

Rhesus Macaque Abdominal | Increased depth of trophoblast invasion after chronic University of California, United States Zhou et al. (1993)
aortas constriction of the lower aorta in rhesus monkeys

Common Postnatal Relations among birth condition, maternal condition, | Southwest National Primate Research Center Tardif and Bales
Marmoset growth and postnatal growth in captive common marmoset | (SNPRC), Texas Biomedical Research Institute, (2004)

monkeys United States
Cynomolgus Human Dissecting primate early post-implantation State Key Laboratory of Primate Biomedical Niu et al. (2019)
Macaque (female) development development using long-term in vitro embryo culture Research, Institute of Primate Translational

Medicine, Kunming University of Science and
Technology, China

Rhesus Macaque 3.5 years Preliminary evidence of increased striatal dopamine | Department of Psychiatry and Behavioral Sciences, = Bauman etal. (2019)
(pregnant) in a nonhuman primate model of maternal immune University of California, United States

activation
Common N/A Single cell transcriptome analysis of human, Xieerxin Biology Resource with accreditation of  Wang et al. (2020b)
Marmoset (female) marmoset and mouse embryos reveals common and | Laboratory Animal Care accredited facility in

divergent features of preimplantation development Beijing, China
Rhesus Macaque N/A Micro-anatomic alterations of the placenta in a non- | The University of Texas Health Science at Houston, | Sargent et al. (2020)

Rhesus Macaque Teratogenesis

human primate model of gestational protein- United States

restriction

Non-human primate models to investigate
mechanisms of infection-associated fetal and
pediatric injury, teratogenesis and stillbirth

Primate Research Center, Peking University, China

Li et al. (2021)
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Aspect

Reproductive System Similarity

Gestation Period
Offspring
Reproductive Cycle

Reproductive Senescence

Rhesus macaque, cynomolgus macaque

Closer to human

Longer, around 5-6 months (. macaques, baboons)
One offspring per birth
Ovarian cyle is similar to humans, with menstrual cycles

Female reproductive aging is well-documented, particularly in
macaques

Common marmoset

More distantly related to humans, but useful for certain reproductive
studies

Shorter gestation period, around 150 days
Frequently give birth to twins or triplets
Most species have estrous cycles

Reproductive aging i less understood but may be similar

Model for Human Reproduction

Use in ART (Assisted
Reproductive Technology)

Ethical Considerations

Excellent model for studying human-like reproductive processes
(e.g. fertility, menopause, IVF)

Frequently used in ART research, including IVE, embryo
transfer, and gamete cryopreservation

Higher ethical scrutiny due to their closer genetic relation to
humans and more complex social structures

Useful for studying reproductive behaviors, genetic studies, and some
aspects of carly development

Used in ART research, particularly in species with more cooperative
breeding behaviors (e.g, marmosets)

Ethical considerations also present, especially for smaller species like
tamarins, due to social dynamics and cooperative breeding
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Monkey

species

Research center

References

Rhesus Macaque N/A Birth of rhesus monkey infant after in vitro fertilization ‘Wisconsin Regional Primate Research Center, Bavister et al. (1984)
and nonsurgical embryo transfer University of Wisconsin-Madison, United States
Cynomolgus N/A Efficient reproduction of cynomolgus monkey using  State Key Laboratory of Primate Biomedical Research, | Sun et al. (2008)
Macaque pronuclear embryo transfer technique Institute of Primate Translational Medicine, Kunming
University of Science and Technology, China
Rhesus Macaque 615 years | Assisted reproductive technology in nonhuman N/A Arthur Chang and
primates Chan (2011)
Rhesus Macaque N/A Generation of chimeric rhesus monkeys Oregon National Primate Research Center (ONPRC), | Tachibana et al.
United States (2012)
Rhesus Macaque | 6-12 years | Gonadotropin ratio affects the i vitro growth of thesus  Dept of OBGY, Seoul National University Hospital, | Kim et al. (2016)
ovarian preantral follicles South Korea
Cynomolgus 45-9 years | Efficient production of cynomolgus monkeys with a College of Veterinary Medicine, South China Ma et al. (2016)
Macaque toolbox of enhanced assisted reproductive technologies Agricultural University, China
Common 3.1-75 years | Quality of common marmoset (Callithrix jacchus) Hiroshima University, Japan Kanda et al. (2018)
Marmoset ocytes collected after ovarian stimulation
Cynomolgus 7-10 years | In vitro culture of cynomolgus monkey embryos beyond Chinese Academy of Sciences, China Ma et al. (2019)
Macaque carly gastrulation
Cynomolgus 6-12 years | In vitro culture of embryos from the cynomolgus N/A Curnow and Hayes
Macaque ‘macaque (Macaca fascicularis) (2019)
Rhesus Macaque  6-12 years | In vitro culture of rhesus macaque (Macaca mulatta) N/A Ramsey and Hanna
embryos (2019)
Cynomolgus N/A Dissecting primate early post-implantation State Key Laboratory of Primate Biomedical Research, | Niu et al. (2019)
Macaque development using long-term in vitro embryo culture  Institute of Primate Translational Medicine, Kunming
University of Science and Technology, China
Rhesus Macaque  7-8 years | Metabolomics analysis of follicular fluid coupled with ~ Oregon National Primate Research Center (ONPRC), | Ravisankar et al.
oocyte aspiration reveals the importance of United States (2021)
glucocorticoids in primate periovulatory follicle
competency
Various N/A Ultrasonography of the neotropical primate female N/A Domingues et al.

reproductive system

(2023)
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Total length (bp)

Bos taurus Ul 341

Genome localization (bp)

Imposed color

1st pool
bl 0004H06 8378 22,452,603-22,536,386 Digoxigenin Red
bl 0696G12 12239 23,090,214-23,212,604 Digoxigenin Red
b 0042407 24234 23,287,629-23,529,972 Digoxigenin Red

2st pool
b1 0039B11 10079 44,410,860-44,511,655 Biotin Green
b1 0393A06 147.11 43,921,537-44,068,649 Biotin Green
bl 0651C08 10298 44,560,941-44,663,929 Biotin Green
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Transgenic NHP model production

Monkey species Model disease Manipulated Manipulation References
genes methods

Common Marmoset N/A Generation of transgenic non-human EGFP Microinjection Sasaki et al. (2009)
primates with germline transmission

Rhesus Macaque oM Generation of chimeric rhesus EGFP Microinjection Tachibana et al.
monkeys (2012)
Cynomolgus Macaque N/A Generation of gene-modified Ppar-g, Ragl CRISPR/Cas9 Niu et al. (2014)

cynomolgus monkey via Cas9/RNA-
‘mediated gene targeting in one-cell

embryos
Rhesus Macaque, X-linked, Rett "TALEN-mediated gene mutagenesis in MECP2 TALEN Liu et al. (2014)
Cynomolgus Macaque syndrome (RTT) | rhesus and cynomolgus monkey
Cynomolgus Macaque N/A Generation of cynomolgus monkey green fluorescent Microinjection Chen et al. (2015)
chimeric fetuses using embryonic stem protein (GFP)
cells
Common Marmoset N/A Generation of 2 nonhuman primate IL2RG ZENS/TALENs Sato et al. (2016)

model of severe combined
immunodeficiency using highly
efficient genome editing

Cynomolgus Macaque N/A Generation of transgenic cynomolgus green fluorescent Lentivirus injection Seita et al. (2016)
monkeys that express green fluorescent protein (GFP)
protein throughout the whole body

Common Marmoset N/A Generation and breeding of EGFP- EGFP Lentivirus injection Drummer et al.

transgenic marmoset monkeys: cell (2021)
chimerism and implications for disease
modeling
Common Marmoset Spinocerebellar Ataxia | Generation of common marmoset sCA3 N/A Tomioka et al.
Type 3 model lines of spinocerebellar ataxia (2020)
type 3
Rhesus Macaque Usher syndrome CRISPR/Cas9 editing of the myo7a MYO7A CRISPR/Cas9 Ryu et al. (2022)
type 1B gene in rhesus macaque embryos to

generate a primate model of usher
syndrome type 1b

Rhesus Macaque Huntington’s Generation of rhesus macaque embryos HTT CRISPR/Cas9 Ryu et al. (2024)
disease (HD) with expanded cag trinucleotide repeats
in the huntingtin gene

Methods of producing transgenic NHPs

Monkey Age Model Manipulated Manipulation Research Reference
species disease genes methods center
Common N/A | Target gene KI/ | Efficient marmoset ckit; shank3 CRISPR/Cas9 Central Institute for | Abe et al. (2021)
Marmoset KO model | genome engineering by Experimental Animals,
autologous embryo Japan

transfer and CRISPR/
Cas9 technology

Common 2-8years | FMRImutant  Efficient marmoset EMRI AET; CRISPR/Cas9 | University of Tokyo, | Kumita et al.

Marmoset model genome engineering by Japan (2019)
autologous embryo
transfer and CRISPR/
Cas9 technology

Common 26 years N/A Robust and efficient FOXP2, PLPI CRISPR/Cas9 RIKEN Institute, Japan | Yoshimatsu et al.

Marmoset knock-in in embryonic (2019)
stem cells and early-stage
embryos of the common
‘marmoset using the
CRISPR-Cas9 system

Hok svallakie.
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Monkey Genes on Research center References

species focus

Rhesus Macaque 5-12years | Dynamics of the transcriptome in the primate HAS-2, Oregon National Primate Research Center  Xu et al. (2011)
(female) ovulatory follicle TNFAIPG (ONPRC), United States
Gorilla N/A ‘The non-human primate reference N/A University of Washington, United States  Pipes et al. (2013)

transcriptome resource (NHPRTR) for

comparative functional genomics
Cynomolgus 4-5 years; | Single cell transcriptome analysis of human, o1X2 Wellcome Trust - Medical Research Boroviak et al.
Macaque 18-20 years | marmoset and mouse embryos reveals common Council Stem Cell Institute, University of (2018)

and divergent features of preimplantation Cambridge, United Kingdom

development
Cynomolgus 5-20 years  Single-cell transcriptomic atlas of primate IDHI, Chinese Academy of Sciences, China Wang et al.
Macaque ovarian aging NDUFBI0 (2020b)
Cynomolgus embryonic days | Single-cell RNA sequencing reveals regulation ZGLP1 Chinese Academy of Sciences, China  Zhao et al. (2020)
Macaque (female) 84 and 116 of fetal ovary development in the monkey

(Macaca fascicularis)

Cynomolgus random A reference single-cell regulomic and $4A48, CD72 Nanjing University, China Quetal. (2022)
Macaque transcriptomic map of cynomolgus monkeys FEV
Common 8-11years  Spatial profiling of early primate gastrulation in | NODAL, | University of Cambridge, United Kingdom = Bergmann et al.
Marmoset (female) utero WNT (2022)
Cynomolgus 6 years Cell transcriptomic atlas of the non-human ACE2, BGI-Shenzhen, Shenzhen, China. 2 BGI- | Han et al. (2022)
Macaque primate Macaca fascicularis TMPRSS2 Beijing, Beijing, China
Cynomolgus 16-18 years | Deciphering the dynamics of the ovarian PTEN, Chinese Academy of Sciences, China Tu etal. (2022)
Macaque reserve in cynomolgus monkey through a SOHLH2

quantitative morphometric study
Common 15-9 years  Transcriptomic profiling of reproductive age N/A Dept of OBGY, Seoul National University ~ Kim et al. (2024)
Marmoset (female) marmoset monkey ovaries Hospital, South Korea
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Protein family Gene Descri

Native thyroid

Collagens COL5A3 Collagen alpha-3(V) chain Y
Collagens COLIAL [ Collagen alpha-1 (1) chain | Y Y
Collagens COLIIAI Collagen alpha-1 (XI) chain | Y N
Collagens COLAL Collagen IV alpha-1 chain ¥ ¥
Collagens COL6AL Collagen VI alpha-1 chain Y b
Collagens COL4A3 [ Collagen IV alpha-3 chain Y Y
Collagens COL8AI [ Collagen alpha-1(VIII) chain | Y N
Collagens COL7AL Collagen alpha-1(V1I) chain | Y ¥
Collagens COLI2AI Collagen alpha-1 (XII) chain ¥ N
Collagens COL4A2 [ Collagen IV alpha-2 chain Y ¥
Collagens COL6A3 Collagen alpha-3(V1) chain Y N
Collagens COL14AL [ Collagen alpha-1 (XIV) chain | Y N
Collagens COL5A2 Collagen alpha-2(V) chain Y Y
Collagens COLI5AI [ Collagen alpha-1 (XV) chain | Y N
Collagens COLIA2 Collagen alpha-2 (1) chain Y Y
Collagens COL3AL [ Collagen alpha-1(I11) chain Y Y
Collagens COLISAI Collagen XVIII alpha-1 chain Y N
Collagens COL6A2 Collagen V1 alpha-2 chain Y Y
Collagens COLI6AI Collagen XVI alpha-1 chain Y N
Collagens COL6AG [ Collagen V1 alpha-6 chain | Y N
Laminins LAMA2 [ Laminin subunit alpha-2 ¥ Y
Laminins LAMAS | Laminin subunit alpha-5 | Y Y
Laminins LAMB2 Laminin subunit beta-2 Y Y
Laminins LAMBI Laminin subunit beta-1 Y Y
Laminins LAMC3 Laminin subunit gamma-3 Y ¥
Laminins LAMCI Laminin subunit gamma-1 Y Y
Laminins [ LAMA4 Laminin subunit alpha-4 Y Y
Laminins LAMB3 [ Laminin subunit beta-3 | Y Y
Laminins LAMC2 Laminin subunit gamma-2 | Y Y
Laminins LAMAI Laminin subunit alpha-1 | Y Y
Laminins LAMB4 Laminin subunit beta-4 | ¥ Y
Fibronectins EN1 [ Fibronectin 1 | Y Y
Fibronectins ENDCI Fibronectin domain-containing protein 1 Y N
Elasting ELN Elastin Y Y
Proteoglycans HSPG2 heparan sulfate proteoglycan core protein Y Y
Proteoglycans AGRN | Agrin ¥ ¥
Proteoglycans BGN Biglycan Y Y
Proteoglycans DCN Decorin ¥ Y
Proteoglycans PRG4 Proteoglycan 4 | Y N
Nidogens NID1 [ Nidogen-1 | Y Y
Nidogens [ NID2 Nidogen-2 ¥ ¥
Cytoskeletal Proteins TUBAIB Tubulin alpha-1B chain | Y N
Cytoskeletal Proteins TUBB4B Tubulin beta-4B chain ' Y
Cytoskeletal Proteins VIM Vimentin Y N
Cytoskeletal Proteins DES Desmin Y N
Adhesion Molecules ICAM1 Intercellular adhesion molecule 1 i1 N
7 Adhesion Molecules VCAM1 Vascular cell adhesion molecule 1 | Y | N

The table lists proteins by family, gene, and description, indicating their presence () or absence (N) in native thyroid tissue and TEM., protein families include collagens, laminins, fibronectins,
i peokscialvain. ilonios. criakaletal pobute. s ol miokicili.
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Donor source

Porcine carotid artery

Porcine carotid artery

Carotid artery of rabbit

Carotid artery of rat

Vena cava of pig

Carotid artery of sheep

Coronary artery of ovine

Bovine internal mammary artery

Human placental artery (<1 mm)

Arterial branches of rabbits

Abdominal aortas of rabbits

Porcine carotid arteries
Coronary arteries of pigs

Carotid arteries of pigs

Human umbilical cord artery
Common carotid arteries of rats
Common carotid arterics of rats
Human umbilical cord artery

Porcine aortic wall tissue

Decellularization treatme

Physics-Enzyme-Detergent (agitation + hypertonic-hypotonic treatment
+ 0.05%Trypsin + 1% TritonX-100 + 1%NH,OH) for 270+hours

Physics-Enzyme-Detergent (agitation + 0.05%Trypsin +2% TritonX-100
+ 0.8%NH40H) for 73 h

Physics-Enzyme-Detergent (freezing-Thawing + 0.125%Pepsin +
DNase-RNase +1% TritonX-100) for 105-107 h

Physics-Enzyme-Detergent (agitation + freezing-thawing + 0.125%
Trypsin + 70%ethanol) for 55.5 h

Physics-Enzyme-Detergent (agitation + 1%TritonX-100 + 1%Tri-n-
butylphosphate/ TNBP + DNase) for 240 h

Physics-Enzyme-Detergent (agitation + TritonX-100 + Tri
phosphate/TNBP + DNase) for 9 days

-butyl
Physics-Enzyme-Detergent (agitation + hyperosmotic + 1%TritonX-100
+ 0.025%Trypsin) for 220 h

Physics-Enzyme-Detergent (perfusion + sonication + 0.5%SDS + 0.5%
TritonX-100 + 40U/ml DNase + 0.3 mg/ml RNase) for 108.5 h

Physics-Enzyme-Detergent (perfusion + hyperosmotic treatment + 1%
TritonX-100 +DNase) for 30 h

Enzyme-Detergent (0.1%Trypsin +1% TritonX-100) treatment for 78 h

Enzyme-Detergent (0.1%Trypsin + 1%TritonX-100 + 20 yg/mL RNase
+ 02 mg/ml DNase) for 75-77 h

Physics-Enzyme (agitation + 0.5%Trypsin) treatment for 48 h
Physics-Detergent (agitation + 1%SDS + 1%TritonX-100) for 120168 h

Physics-Detergent (freezing-thawing + agitation+ 1%Triton-X 100 +
0.3%SDS) for 84+ hours

Physics-Detergent (sonication + 2%SDS for 4 h) for 49 h
Enzyme (0.15%Trypsin + DNase + RNase + lipase) treatment
Enzyme (0.15%Trypsin + DNase + RNase + lipase) treatment
Detergent (29TritonX-100 + 0.1%SDS) treatment for 72 h

Detergent (1%SDS) for 48+ hours

References

Dahan et al. (2017)

Lopez-Ruiz et al. (2017)

Xu et al. (2017)

Wang et al. (2021)

Hkansson et al. (2021)

Jenndahl et al. (2022)

Omid et al. (2023)

Liu et al. (2022)

Falkner et al. (2023)

Liu et al. (2017)

Kong et al. (2019)

Gu et al. (2018)
Du et al. (2022b)

Cheng et al. (2023)

Lin et al. (2021)

Huo et al. (2017)

Chen et al. (2018)
Muniswai et al. (2020)

Lehmann et al. (2017)
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Porcine carotid arteries

Post-decellularization treatment

Autologous venous endothelial cells (VECs) and arterial smooth

muscle cells (ASMCs) cells were seeded into lumen and tunica
externa respectively for 21days

atency period

Up to 6 weeks (Allotransplantation)

References

Dahan et al. (2017)

Porcine carotid arteries

Human umbilical cord
artery

Coronary arteries of ovine

After treatment with ethylmethacrylate-co-diethylaminoethyl
acrylate coating, human umbilical vein endothelial cells (HUVECs)

were seeded and and incubated for 5 days

Human umbilical cord endothelial progenitor cells (HUCEPCs)
and smooth muscle cells (HUCVSMCs) were seeded into lumen
and dorsal surface respectively for 24days

After rat thoracic aortic smooth musdle cells (A10 cell line) were
implanted, they were cultured in a bioreactor to simulate the
physical environment of blood vessels in vivo

N/A

At least 7 days before execution
(Xenotransplantation)

N/A

Lopez-Ruiz et al.
(2017)

Muniswami et al.
(2020)

Omid et al. (2023)






OPS/images/fbioe-12-1413518/fbioe-12-1413518-t003.jpg
onor source

Common carotid arteries

Post-decellularization treatment

Modification of collagen-coated reduced graphene oxide based dual-enzyme

Patency period

90% (7-days patency rate)

References

Huo et al. (2017)

of rats system (Allotransplantation)

Arterial branches of Combining with 0.25%human-like collagen I by freeze-drying after N/A Liu et al. (2017)
rabbits photooxidant cross-linking

Carotid arteries of rabbits | UV irradiation N/A Xu et al. (2017)
Common carotid arteries = Combination collagen-coated vessel with EDC and CGS21680 80% (6-month patency rate) Chen et al. (2018)
of rats (Allotransplantation)

Porcine carotid arteries | Cross-linking with genipin (0.2% for immersing 6 h) N/A Gu et al. (2018)
Abdominal aortas of Heparin immobilization with EDC and NHS and incubating with VEGFand | 90% (18-month patency rate) Kong et al. (2019)
rabbits bBEGE. (Xenotransplantation)

Carotid arteries of rats Photooxidant cross-linking with methylene blue and hydrogen peroxide N/A Wang et al. (2021)
Carotid arteries of pigs  Binding to HGF after surface heparinization with EDC and NHS crosslinked |~ N/A Cheng et al. (2023)
Porcine aortic wall tissue | Binding to FGF or VEGF after surface heparinization with EDC and NHS =~ N/A Lehmann et al.

Bovine internal
mammary artery

Coronary arteries of pigs

Vena cava of pigs

Carotid arteries of sheeps

crosslinked

Photooxidation and pentagalloyl glucose (PGG) cross-Linking

Hydrogel was used to coat the dorsal surface and cross

Perfusion of recipient autologous blood, organ preservation solution and
cytokine mixture for 7 days

100% after 4weeks (Xenotransplantation)

N/A

Up to 5 weeks (Allotransplantation)

Up to 4 months (Allotransplantation)

(2017)

Liu et al. (2022)

Du et al. (2022b)

Hakansson et al.
(2021)

Jenndahl et al. (2022)
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Gene Description Catalog no.
ACTB Actin beta $503376563_uH
COL3A1 Collagen Type I1I Alpha 1 Chain $504323794_m1
CDH1 Cadherin 1 $506942341_m1
KRT18 Keratin 18 $503377383_ul
GAPDH Glyceraldehyde-3-phosphate dehydrogenase $503375629_ul
EPCAM Epithelial Cell Adhesion Molecule $503384752_ul
GCM1 Glial cells missing transcription factor 1 $503373780_m1
HSD17B1 Hydroxysteroid 17-beta dehydrogenase 1 $504245960_g1
IFNG Interferon gamma $503391054_m1
NANOG Nanog homeobox 8504245375 _s1
OCT4 POU class 5 homeobox 1 $503389800_m1
COX1 Prostaglandin-Endoperoxide Synthase 1 $503373347_m1
cox2 Prostaglandin-Endoperoxide Synthase 2 $503394694_m1
PAG6 Pregnancy-associated glycoprotein 6 $503378057_ul
PPAG3 Pregnancy-associated glycoprotein 3 $503392369_m1
REX1 ZFP42 zinc finger protein $503373622_g1
PGES Prostaglandin F Synthase $503387233_ul
PTGES Prostaglandin E Synthase $503392129_m1
SOX2 Sex determining region Y-box 2 $503388002_ul
THY1 Thy-1 cell surface antigen $503376963_ul
VIM Vimentin $504330801_gH
z01 Tight Junction Protein ZO-1 $503373514_m1
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