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Overview of In Vitro Spermatogenesis and Prospect of Clinical Application
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(State Key Laboratory of Reproductive Medicine and Offspring Health, Nanjing Medical University, Nanjing 211166, China)

Abstract Infertility has emerged as the third major threat to human health, following cancer and cardio-
vascular diseases. Among the various causes of male infertility, genetic factors, environmental influences, and go-
nadotoxic interference stand out significantly. While the advancement of ART (assisted reproductive technologies)
has offered possibilities for treating male infertility, these conventional methods do not provide a direct solution for
patients suffering from infertility due to the blockage of germ cell maturation. Recent developments in the technol-

ogy of in vitro induction of haploid spermatid formation have opened new avenues for treating a range of infertility
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issues, including azoospermia. Additionally, this technique holds potential for preserving the fertility of prepubes-

cent boys whose gonadal function has been compromised due to gonadotoxic treatments. This article provides a

comprehensive review of the latest advancements in the in vitro spermatogenesis culture system and discusses its

prospects and challenges in the treatment of infertility.
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Table 1 Research progress of testicular tissue culture in vitro

Tt P IDUE FaraiR EE BN
Species Object Result Reference
Mouse Neonatal testis tissues Pachytene spermatocytes were developed from spermatogonia [13]
Mouse Neonatal testis tissues Round spermatids developed from spermatogonia were injected into the [14]

oocytes and the embryos developed up to 8-cell stage
Mouse Neonatal testis tissues Spermatids developed from spermatogonia were injected into the oo- [7]

cytes and resulted in the production of healthy and fertile offsprings
Human Testis tissues from prepubertal boys with cancer ~ Spermatocytes were developed from spermatogonia [18]
Human Testis tissues from prepubertal boys with cancer ~ Round spermatids were developed from spermatogonia [19]
Human Fetal gonads Round spermatids developed from immature spermatogonia were in- [11]

jected into the oocytes and the embryos developed up to blastocyst stage

R2 BRMMMELLRENAR
Table 2 Testicular cells reconstitute organoids

s BN 4 Farah R 7k
Species Object Result Reference
Mouse Neonatal testis Spermatids developed from spermatogonia [27]
Human Puberty and adult testicles  Testicular tubular-like structures were observed, but germ cells can survive briefly [28]
Human Fetal gonads Germ cells in reconstructed organoids can survive briefly [29]
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Table 3 Construction of stem cell-derived testicular organoids
Tt B4R g R S R
Species Object Result Reference
Mouse mESCs ESCs were induced into PGCLCs and constructed testicular organoids to [8]
obtain functional sperm and fertile offspring
Mouse mESCs ESCs were induced into PGCLCs and constructed testicular organoids to [9]
obtain functional sperm
Human iPSCs iPSCs were induced into PGCLCs which mixed with mouse somatic cells  [41]

to form testicular organoids and differentiated into T1-spermatogonial

progenitor cells
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