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The aim of the second edition of this Special Issue was to collect both review and origi-
nal research articles that investigate and elucidate the possible therapeutic role of perinatal
stem cells in pathological conditions, such as cardiovascular and metabolic diseases, as
well as inflammatory, autoimmune, musculoskeletal, and degenerative diseases.

Since mounting evidence has demonstrated the efficacy of different sources of stem
cells [1–4] and the derived secretome [5–8], in recent years, perinatal stem cells have been
considered as an alternative and available cell source for biomedical research in vitro [9,10]
and in vivo [11], including clinical trials [12–14].

For example, amniotic membrane (epithelial and mesenchymal) and amniotic fluid
stem cells possess many advantages. Unlike embryonic cells, amniotic cells are free from
tumorigenicity and ethical considerations, since these cells can be extracted from discarded
fetal material [15]. Moreover, they possess embryonic stem-cell-like differentiation capa-
bilities [16], and, similar to mesenchymal stem cells, they are also able to modulate local
immune responses [17], allowing their use in allo- and xeno-transplantation settings [18–20].

These properties, among others, make amniotic cells attractive for cellular therapy;
however, translating laboratory findings into clinical practice still requires a lot of effort [21].
Here, we summarize the main evidence collected in this Special Issue, such as suggestions
on culture methods and findings on the amniotic cell mechanisms of action in counteracting
inflammatory-based and degenerative diseases.

The results obtained from several clinical trials for the treatment of many disorders
are controversial [22]. Therefore, there is a need to improve MSC culture/production
in order to enhance their therapeutic properties. The first idea that can be deduced by
two original research papers is that three-dimensional (3D) culturing techniques can modify
and even ameliorate the properties of amniotic cells, since they enable a better represen-
tation of in vivo conditions, increasing cell-to-cell interactions [23]. Indeed, despite the
widely excepted benefits of 3D cell culturing, research on three-dimensional hAFSC cul-
tures is very limited and mainly involves an analysis of cells grown on transplantable
scaffolds [24]. In this Special Issue, with different approaches, such as RNA-seq, qRT-PCR,
methylome analysis, and an investigation of secreted factors, Gallo et al. [25] demon-
strated that culturing human amnion-derived MSCs (hAMSCs) as spheroids can improve
proliferation/differentiation, as well as immunomodulatory and angiogenic processes.

Similarly, Valiuliené et al. [26] showed that this strategy has efficacy in upregulating the
expression of pluripotency genes, NF-κB−TNFα pathway genes, and associated miRNAs
(miR103a-5p, miR199a-3p, and miR223-3p) in human amniotic fluid stem cells (hAFSCs).
Moreover, they investigated the neurogenic properties of hAFSCs when grown in 3D
cultures. The neural differentiation of hAFSC spheroids increased the expression of SOX2,
miR223-3p, and MSI1, as well as neural differentiation-associated gene expression levels,
in comparison to 2D-treated cultures.

Int. J. Mol. Sci. 2023, 24, 16020. https://doi.org/10.3390/ijms242216020 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms242216020
https://doi.org/10.3390/ijms242216020
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0003-4368-2534
https://doi.org/10.3390/ijms242216020
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms242216020?type=check_update&version=1


Int. J. Mol. Sci. 2023, 24, 16020 2 of 4

hAFSCs, as a type of MSC, play a significant therapeutic role in animal models of in-
flammation-related diseases, demonstrating their anti-inflammatory effects [27]. However,
the effect of hAFSCs on acquired immunity in vivo, especially on regulatory T cells, has
not yet been fully elucidated. In particular, the relationship between hAFSCs and Tregs
in vivo has not been investigated, although an in vitro study showed that hAFSCs increased
Tregs [28]. Abe et al. [29] showed that hAFSCs ameliorated the thioglycollate-induced
inflammation, a peritonitis mice model, by forming aggregates with host immune cells,
such as macrophages, T cells, and B cells in the peritoneal cavity. Furthermore, the number
of regulatory T cells increased in the peritoneal cavity. We can assume that, in addition
to helping innate immunity, hAFSCs could also aid the acquired immune system in vivo
against inflammation-related diseases by increasing regulatory T cells.

Even in the case of another type of inflammation, such as persistent post-breeding-
induced endometritis (PPBIE), in this Special Issue, amniotic cells were proven to be
effective in modulating inflammation by applying extracellular vesicles derived from amni-
otic mesenchymal stromal cells (AMSC-EVs) in stallion semen. To date, only one study has
evaluated the in vivo effects of MSC-CM intrauterine infusion on mares that are susceptible
to PPBIE [30], and another study showed that AMSC-conditioned medium (AMSC-CM)
was effective in the replenishment of endometrial cells and uterine regeneration [31]. Lange-
Consiglio and colleagues [32] demonstrated that the supplementation of AMSC-EVs to
semen resulted in the successful modulation of post-insemination inflammatory responses
in mares that could be able to prevent PPBIE.

Neuroinflammation is involved in neuronal cell death that occurs in neurodegenerative
diseases such as Alzheimer’s disease (AD) [33]. Microglia play important roles in regulating
the brain amyloid beta (Aβ) levels [34], and, in the study by Zavatti et al. [35], the effect of
exosomes derived from human amniotic fluid stem cells (hAFSCs-exo) on activated BV-2
microglia cells was evaluated using lipopolysaccharide (LPS) as the neuroinflammation
model. They demonstrated that the activation of pro-inflammatory microglia was prevented
when exposed to hAFSC-exo, while the increases in oxidative stress and apoptosis occurring
in neurons in the presence of both microglia and Aβ were significantly inhibited. They
concluded that hAFSC-exo mitigated an inflammatory injury caused by microglia and
significantly counteracted the neurotoxicity, supporting the idea that hAFSC-exo can be a
potential therapeutic agent for inflammation-related neurological conditions.

Although all this promising evidence on amniotic-derived stem cells presents an
attractive tool for regenerative medicine and cell-based therapy, they could act as a reservoir
of persistent viruses by increasing the risk of failure of stem-cell-based therapies and
viral transmission, especially in immunocompromised patients. Indeed, MSCs have been
demonstrated to be susceptible to infection by a variety of viruses that represent prominent
pathogens in immunocompromised hosts, including HSV-1, VZV, and CMV [36,37]. This
phenomenon was demonstrated by Bua et al. [38] for parvovirus B19V (B19V), which is
a common human pathogen that infects bone marrow erythroid progenitor cells, leading
to transient or persistent anemia. Indeed, this virus is able to cross the placenta, infecting
the fetus, and persists in several tissues. Even if cells derived from the fetal membrane
(FM-MSCs) were not able to support viral replication, they can be infected by B19V and
allow persistence over time in the infected cultures.

All in all, multiple drawbacks are associated with autologous sources, including
donorsite morbidity, a dearth of studies, and variability in both patient-reported and
clinical/functional outcomes. On the other hand, allogenic sources address several of these
concerns, and continue to be a suitable source of mesenchymal stem cells (MSCs), such as
amniotic suspension allograft, amniotic membrane, and amniotic fluid [39].

In conclusion, since stem cell use represents an unprecedented strategy for several auto-
and allo-therapies but product availability and mass production remain challenges [40],
future studies are needed to explain the potential role of amniotic stem cells in cell therapy,
in particular to find the best protocols to manipulate cells, obtain secretome, and apply
cell-derived treatment, still maintaining the safety of the host in the various procedures.



Int. J. Mol. Sci. 2023, 24, 16020 3 of 4

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Xin, Q.; Zhu, W.; He, C.; Liu, T.; Wang, H. The effect of different sources of mesenchymal stem cells on microglia states. Front.

Aging Neurosci. 2023, 15, 1237532. [CrossRef]
2. Prajwal, G.S.; Jeyaraman, N.; Kanth, V.K.; Jeyaraman, M.; Muthu, S.; Rajendran, S.N.S.; Rajendran, R.L.; Khanna, M.; Oh, E.J.;

Choi, K.Y.; et al. Lineage Differentiation Potential of Different Sources of Mesenchymal Stem Cells for Osteoarthritis Knee.
Pharmaceuticals 2022, 15, 386. [CrossRef] [PubMed]

3. Kouchakian, M.R.; Baghban, N.; Moniri, S.F.; Baghban, M.; Bakhshalizadeh, S.; Najafzadeh, V.; Safaei, Z.; Izanlou, S.; Khoradmehr,
A.; Nabipour, I.; et al. The Clinical Trials of Mesenchymal Stromal Cells Therapy. Stem Cells Int. 2021, 2021, 1634782. [CrossRef]

4. Jahani, S.; Zare, N.; Mirzaei, Y.; Arefnezhad, R.; Zarei, H.; Goleij, P.; Bagheri, N. Mesenchymal stem cells and ovarian cancer: Is
there promising news? J. Cell. Biochem. 2023, 8, 30471. [CrossRef]

5. Yuan, W.; Wu, Y.; Huang, M.; Zhou, X.; Liu, J.; Yi, Y.; Wang, J.; Liu, J. A new frontier in temporomandibular joint osteoarthritis
treatment: Exosome-based therapeutic strategy. Front. Bioeng. Biotechnol. 2022, 10, 1074536. [CrossRef]

6. Xia, Y.; Yang, R.; Hou, Y.; Wang, H.; Li, Y.; Zhu, J.; Fu, C. Application of mesenchymal stem cell-derived exosomes from different
sources in intervertebral disc degeneration. Front. Bioeng. Biotechnol. 2022, 10, 1019437. [CrossRef]

7. Mattoli, S.; Schmidt, M. Investigational Use of Mesenchymal Stem/Stromal Cells and Their Secretome as Add-On Therapy in
Severe Respiratory Virus Infections: Challenges and Perspectives. Adv. Ther. 2023, 40, 2626–2692. [CrossRef]

8. Sanie-Jahromi, F.; Mahmoudi, A.; Khalili, M.R.; Nowroozzadeh, M.H. A Review on the Application of Stem Cell Secretome in the
Protection and Regeneration of Retinal Ganglion Cells; a Clinical Prospect in the Treatment of Optic Neuropathies. Curr. Eye Res.
2022, 47, 1463–1471. [CrossRef]

9. Witkowska-Zimny, M.; Wrobel, E. Perinatal sources of mesenchymal stem cells: Wharton’s jelly, amnion and chorion. Cell. Mol.
Biol. Lett. 2011, 16, 493–514. [CrossRef]

10. Hu, Z.; Luo, Y.; Ni, R.; Hu, Y.; Yang, F.; Du, T.; Zhu, Y. Biological importance of human amniotic membrane in tissue engineering
and regenerative medicine. Mater. Today Bio 2023, 22, 100790. [CrossRef]
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