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Abstract

Prime editing, first introduced in 2019, is a precise and efficient genome-editing technique with
applications across various organisms and cell lines, including human pluripotent stem cells
(hPSCs). Despite its revolutionary potential, prime editing of hPSCs often shows low efficiency,
hindered by current delivery methods and DNA repair mechanisms. In this review, we explore
prime editing of hPSCs, emphasizing the optimization necessary for creating ex vivo and in vitro
disease models, which are critical for developing personalized therapeutics. We discuss key
prime-editing methods for hPSCs, optimization strategies, tools available for prime editing, and
the rigorous quality control required before and after genome engineering for downstream
applications.

Keywords: cas9 nickase; delivery methods; hPSC; pluripotent stem cells; prime editing; prime-
editing efficiency.

Copyright © 2025 Elsevier Ltd. All rights reserved.

PubMed Disclaimer


https://account.ncbi.nlm.nih.gov/?back_url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F40713217%2F
https://www.ncbi.nlm.nih.gov/myncbi/
https://www.ncbi.nlm.nih.gov/account/settings/
https://www.ncbi.nlm.nih.gov/account/signout/?back_url=https%3A//pubmed.ncbi.nlm.nih.gov/40713217/
https://pubmed.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/advanced/
https://pubmed.ncbi.nlm.nih.gov/help/
https://pubmed.ncbi.nlm.nih.gov/?term=%22Trends+Biotechnol%22%5Bjour%5D&sort=date&sort_order=desc
https://pubmed.ncbi.nlm.nih.gov/?term=%22Trends+Biotechnol%22%5Bjour%5D&sort=date&sort_order=desc
https://www.ncbi.nlm.nih.gov/nlmcatalog?term=%22Trends+Biotechnol%22%5BTitle+Abbreviation%5D
https://www.ncbi.nlm.nih.gov/nlmcatalog?term=%22Trends+Biotechnol%22%5BTitle+Abbreviation%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Getachew+H&cauthor_id=40713217
https://pubmed.ncbi.nlm.nih.gov/?term=Metais+T&cauthor_id=40713217
https://pubmed.ncbi.nlm.nih.gov/?term=Daheron+L&cauthor_id=40713217
https://pubmed.ncbi.nlm.nih.gov/?term=Garita-Hernandez+M&cauthor_id=40713217
https://doi.org/10.1016/j.tibtech.2025.06.017
https://pubmed.ncbi.nlm.nih.gov/disclaimer/
https://linkinghub.elsevier.com/retrieve/pii/S0167-7799(25)00256-2
https://linkinghub.elsevier.com/retrieve/pii/S0167-7799(25)00256-2
https://linkinghub.elsevier.com/retrieve/pii/S0167-7799(25)00256-2
https://account.ncbi.nlm.nih.gov/?back_url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F40713217%2F%23open-email-panel
https://account.ncbi.nlm.nih.gov/?back_url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F40713217%2F%23open-bibliography-panel
https://account.ncbi.nlm.nih.gov/?back_url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F40713217%2F%23open-bibliography-panel
https://account.ncbi.nlm.nih.gov/?back_url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F40713217%2F%23open-bibliography-panel
https://account.ncbi.nlm.nih.gov/?back_url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F40713217%2F%23open-collections-panel

Conflict of interest statement

Declaration of interests H.G., T.M., L.D., and M.G-H. declare no conflict of interest. The authors
declare that the research was conducted in the absence of any commercial of financial
relationships that could be construed of a conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

Similar articles

Robust and inducible genome editing via an all-in-one prime editor in human
pluripotent stem cells.
Wu Y, et al.Nat Commun. 2024.PMID: 39737975Free PMC article.

Highly Efficient and Marker-free Genome Editing of Human Pluripotent Stem Cells
by CRISPR-Cas9 RNP and AAV6 Donor-Mediated Homologous Recombination.
Martin RM, et al.Cell Stem Cell. 2019.PMID: 31051134

A Scaled Framework for CRISPR Editing of Human Pluripotent Stem Cells to Study
Psychiatric Disease.
Hazelbaker DZ, et al.Stem Cell Reports. 2017.PMID: 29020615Free PMC article.

CRISPR/Cas9 genome editing in human pluripotent stem cells: Harnessing human
genetics in a dish.
Gonzalez F.Dev Dyn. 2016.PMID: 27145095Review.

Recent Advances in CRISPR/Cas9 Delivery Approaches for Therapeutic Gene
Editing of Stem Cells.
Lotfi M, et al.Stem Cell Rev Rep. 2023.PMID: 37723364Free PMC article.Review.



https://pubmed.ncbi.nlm.nih.gov/39737975/
https://pubmed.ncbi.nlm.nih.gov/31051134/
https://pubmed.ncbi.nlm.nih.gov/29020615/
https://pubmed.ncbi.nlm.nih.gov/27145095/
https://pubmed.ncbi.nlm.nih.gov/37723364/
https://pubmed.ncbi.nlm.nih.gov/?linkname=pubmed_pubmed&from_uid=40713217

Cited by

Gene Editing of Pluripotent Stem Cell-Derived Hepatic Cells for Liver Disease
Modeling and Therapeutic Development.
Lim D, et al.Biomol Ther (Seoul). 2026.PMID: 41424006Free PMC article.Review.

Publication types

> Review

MeSH terms

> CRISPR-Cas Systems* / genetics

> Gene Editing* / methods

> Humans

> Pluripotent Stem Cells* / cytology

> Pluripotent Stem Cells* / metabolism

Related information

GEO Profiles
MedGen

LinkOut - more resources

Full Text Sources
ClinicalKey #

Elsevier Science ¥

NCBI Literature Resources MeSH PMC Bookshelf Disclaimer

The PubMed wordmark and PubMed logo are registered trademarks of the U.S. Department of Health

and Human Services (HHS). Unauthorized use of these marks is strictly prohibited.

FOLLOW NCBI

X f in () A\



https://pubmed.ncbi.nlm.nih.gov/41424006/
https://pubmed.ncbi.nlm.nih.gov/?term=%22Review%22%5Bpt%5D&sort=date&sort_order=desc
https://www.ncbi.nlm.nih.gov/mesh?term=Review
https://pubmed.ncbi.nlm.nih.gov/?term=%22CRISPR-Cas+Systems%2Fgenetics%22%5BMAJR%5D&sort=date&sort_order=desc
https://pubmed.ncbi.nlm.nih.gov/?term=%22CRISPR-Cas+Systems%2Fgenetics%22%5BMAJR%5D&sort=date&sort_order=desc
https://www.ncbi.nlm.nih.gov/mesh?term=CRISPR-Cas+Systems
https://pubmed.ncbi.nlm.nih.gov/?term=%22Gene+Editing%2Fmethods%22%5BMAJR%5D&sort=date&sort_order=desc
https://pubmed.ncbi.nlm.nih.gov/?term=%22Gene+Editing%2Fmethods%22%5BMAJR%5D&sort=date&sort_order=desc
https://www.ncbi.nlm.nih.gov/mesh?term=Gene+Editing
https://pubmed.ncbi.nlm.nih.gov/?term=%22Humans%22%5BMeSH%5D&sort=date&sort_order=desc
https://pubmed.ncbi.nlm.nih.gov/?term=%22Humans%22%5BMeSH%5D&sort=date&sort_order=desc
https://pubmed.ncbi.nlm.nih.gov/?term=%22Pluripotent+Stem+Cells%2Fcytology%22%5BMAJR%5D&sort=date&sort_order=desc
https://www.ncbi.nlm.nih.gov/mesh?term=Pluripotent+Stem+Cells
https://pubmed.ncbi.nlm.nih.gov/?term=%22Pluripotent+Stem+Cells%2Fmetabolism%22%5BMAJR%5D&sort=date&sort_order=desc
https://www.ncbi.nlm.nih.gov/mesh?term=Pluripotent+Stem+Cells
https://www.ncbi.nlm.nih.gov/geoprofiles?linkname=pubmed_geoprofiles&from_uid=40713217
https://www.ncbi.nlm.nih.gov/medgen?linkname=pubmed_medgen&from_uid=40713217
https://www.clinicalkey.com/content/playBy/pii?v=S0167-7799(25)00256-2
https://linkinghub.elsevier.com/retrieve/pii/S0167-7799(25)00256-2
https://www.ncbi.nlm.nih.gov/mesh/
https://www.ncbi.nlm.nih.gov/pmc/
https://www.ncbi.nlm.nih.gov/books
https://pubmed.ncbi.nlm.nih.gov/disclaimer/
https://twitter.com/ncbi
https://www.facebook.com/ncbi.nlm
https://www.linkedin.com/company/ncbinlm
https://github.com/ncbi
https://ncbiinsights.ncbi.nlm.nih.gov/
https://www.nlm.nih.gov/socialmedia/index.html
https://twitter.com/NLM_NIH
https://www.facebook.com/nationallibraryofmedicine
https://www.youtube.com/user/NLMNIH

National Library of Medicine
8600 Rockville Pike
Bethesda, MD 20894

Web Policies
FOIA
HHS Vulnerability Disclosure

Help
Accessibility
Careers

NLM | NIH | HHS | USA.gov



https://twitter.com/NLM_NIH
https://www.facebook.com/nationallibraryofmedicine
https://www.youtube.com/user/NLMNIH
https://www.google.com/maps/place/8600+Rockville+Pike,+Bethesda,+MD+20894/@38.9959508,-77.101021,17z/data=!3m1!4b1!4m5!3m4!1s0x89b7c95e25765ddb:0x19156f88b27635b8!8m2!3d38.9959508!4d-77.0988323
https://www.google.com/maps/place/8600+Rockville+Pike,+Bethesda,+MD+20894/@38.9959508,-77.101021,17z/data=!3m1!4b1!4m5!3m4!1s0x89b7c95e25765ddb:0x19156f88b27635b8!8m2!3d38.9959508!4d-77.0988323
https://www.nlm.nih.gov/web_policies.html
https://www.nih.gov/institutes-nih/nih-office-director/office-communications-public-liaison/freedom-information-act-office
https://www.hhs.gov/vulnerability-disclosure-policy/index.html
https://support.nlm.nih.gov/?pagename=pubmed%3Apubmed%3Aabstract%3ANONE
https://www.nlm.nih.gov/accessibility.html
https://www.nlm.nih.gov/careers/careers.html
https://www.nlm.nih.gov/
https://www.nih.gov/
https://www.hhs.gov/
https://www.usa.gov/

