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The potential of perinatal tissues to provide cellular populations to be used in different applications of regenerative
medicine is well established. Efforts of researchers are being addressed regarding the evaluation of cell products
(secreted molecules or extracellular vesicles, EVSs) to be used as an alternative to cellular infusion. The data regarding the
effective recapitulation of most perinatal cells’ properties by their secreted complement point in this direction. EVs
secreted from perinatal cells exhibit key therapeutic effects such as tissue repair and regeneration, the suppression of
inflammatory responses, immune system modulation, and a variety of other functions.
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| 1. Introduction

In the last decade, significant advances have been made to fully assess the biology of mesenchymal stromal cells (MSCs)
derived from perinatal tissues. The term “perinatal” defines birth-associated tissues and other fetal annexes (e.g., amnion,
chorion, and the umbilical cord), obtained immediately after birth. To date, many applications of perinatal MSCs for clinical
purposes have been studied with promising results, mainly due to their unique immune and differentiative properties .
Despite this, perinatal MSC-based therapy still presents problems related to different aspects, such as the difficulty of
developing specific methods of isolation and characterization, as well as the identification of an optimal protocol for ex
vivo expansion and the often observed efficacy post transplant 8, Nevertheless, it has been suggested that the
perinatal MSCs’ therapeutic efficacy may be fully recapitulated by their secretome or conditioned medium (e.g., soluble
proteins, lipids, and extracellular vesicles) &, Thus, a new definition was introduced by Silini et al. namely “perinatal
derivatives (PnD)” which includes all birth-associated tissues, the cells they are composed of, and all the biomolecules
secreted B, Therapeutic approaches based on MSC secretomes may have different advantages over the use of
transplanted MSCs, due to the minimal effect on immunogenicity, the higher yields of bioactive molecules, and easier
application. Perinatal MSC secretomes seem to exhibit the same anti-inflammatory, immunomodulatory, and regenerative
properties as parental MSCs [BIZI8] and appear to be effective in treating the side effects of ischemia—reperfusion injury &
(291 Fyrthermore, the use of secretomes provides a suitable strategy to enhance MSCs' therapeutic potential and
standardize the production of MSC-derived products intended for clinical use . Therefore, the utilization of secretomes
could contribute to developing a novel, cell-free therapeutic approach.

The secretome is enriched with extracellular vesicles (EVs), secreted by cells through the development of multivesicular
bodies or by cell membrane shedding 1213l They are classified into different types, based on their size, mechanism of
biogenesis, functions, and tissue of origin, into: exosomes, microvesicles, ectosomes, and oncosomes 4. |mportantly,
the cells (including the perinatal MSCs) are able to release various types of EVs 12, EVs are present in almost every type
of body fluid (e.g., plasma, urine, saliva, amniotic fluid, and others) and are therefore easily accessible. Once in the
extracellular space, EVs facilitate cell-to-cell communication, between neighboring and distant cells, through transferring
their molecular cargo (enriched in proteins, RNAs, and DNAs), both in physiological and pathological conditions [L8II27I18]
The ISEV (International Society for Extracellular Vesicles) suggested using “extracellular vesicle” as the common term for
all the vesicles released from cells to avert uncertainty within this complex field 121,

The increasing interest in the therapeutic benefits obtained by using the EVs released by parental MSCs in various
diseases reinforces the hypothesis of the usefulness of MSC secretomes as a new therapeutic strategy.

2. Properties of Human Perinatal Tissue and Their Possible Therapeutic
Application as Sources of EVs

Perinatal tissues represent a plentiful source of promising cell types. Among the organs that may be used as a source of
perinatal cells, the placenta is of key importance for its role in fetal nutrition and development, acting as a functional



interface between the mother and fetus, either via the exchange of nutrients or via its immune and endocrine roles [29],
The formation of the placenta is the result of a series of processes that start in the moment of embryo implantation at the
end of the first week of development. Then, the organ assists in the development of the embryo and then the fetus until
delivery [211. At delivery, the placenta features a diameter of 20—22 cm, with a thickness of up to 2.5 cm 22, Structurally,
the human placenta is a highly specialized essential organ with a distinction between the maternal-uterine part and the
fetal part. Research related to perinatal MSCs began over a decade ago and has grown exponentially with the isolation
and characterization of cells from different perinatal tissues [23124125] (Figure 1).
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Figure 1. The schematic structure of the placenta and a description of perinatal MSCs. The placenta is an organ in which
interactions between maternal and fetal cells, necessary for the development of the fetus, take place. Specifically, the
placenta is made up of structures of fetal origin, such as the placental disc, the fetal membranes, divided into amniotic and
chorionic membranes, and the umbilical cord, as well as a membrane of maternal origin called the decidua which
originates from the endometrium. The chorionic villosity that forms the boundary between maternal and fetal blood during
pregnancy represents the functional unit of the placenta. The different structures of the placenta are enriched by MSCs
particularly useful in regenerative medicine and for the treatment of various pathologies. Abbreviations: dMSCs: decidua
mesenchymal stromal cells; iEVT: inner extravillous trophoblast; eEVT: external extravillous trophoblast; STB:
syncytiotrophoblast; CTB: cytotrophoblast; hCV-MSCs: human chorionic villi mesenchymal stromal cells; WJ-MSCs:
Wharton’s jelly mesenchymal stromal cells; UC-MSCs: umbilical cord mesenchymal stromal cells; AC-MSCs: amnio-
chorion mesenchymal stromal cells.

The placenta is usually discarded post-partum and easily obtained with a virtually limitless availability, free from ethical
issues, and provides efficient MSC recovery without invasive procedures 28], Different perinatal MSC populations are
present and useful in regenerative medicine for the treatment of various pathologies, namely human decidua-MSCs (hD-
MSCs), human syncytiotrophoblast and human cytotrophoblast (hSTB-MSCs and hCTB-MSCs), hAC-MSCs of the human
amnio-chorionic membrane, as well as the MSCs present in the human umbilical cord (hUC-MSCs) and human amniotic
fluid (hAF-MSCs).

MSCs are involved dynamically and actively in feto-maternal communication by releasing several molecules into the
maternal circulation (including hormones and proteins) as well as EVs 24, The therapeutic application of perinatal MSCs’
secretomes may present some advantages over the direct application of cells 28, Indeed, it is now known that the
therapeutic effects of perinatal cells are largely mediated by the secretion of EVs [LU2IBAEL According to their size and
biogenesis, EVs are distinguished into: (i) exosomes (30-150 nm), (ii) microvesicles (50 to 1000 nm, MV), and (iii)
apoptotic bodies (1000-5000 nm) 2233134l Of note, MSC-derived EVs were first isolated in 2010 in mice in a model of
myocardial ischemia—reperfusion 3. MSC-derived EVs are enriched with important bioactive molecules, such as mRNA
and proteins, which regulate various biological processes. They express conventional markers of EVs (such as Hsp70,
CD63, Flotillin-1, and TSG101) 24, Nevertheless, they do not express costimulatory molecules, such as CD80 and CD86,
thus conferring immune tolerance 28, Proteomic analyses have allowed researchers to highlight the fact that perinatal-
derived EVs are enriched in key proteins involved in several processes (e.g., immune, metabolic, and regenerative
pathways) when compared to adult MSCs B2, Currently, a few studies have attempted to characterize the miRNA profile
of EVs isolated from perinatal MSCs B89 although some evidence is already available from experimental animal
models A One of these studies highlighted the presence of a few specific and highly expressed miRNAs, such as
miR-145, miR-181c-5p, miR-Let-7e, and others 421 Bulati et al. revealed that nine miRNAs found in human amnion MSC-
derived EVs (hAMSC-derived EVs) were able to regulate the key proteins that control both T cell activation and monocyte
differentiation 431, Additionally, it has been reported that human umbilical cord MSC-derived EVs (hUCMSC-derived EVs)
express high levels of miR16 and miR-Let-c which are involved in the regulation of T lymphocytes 4!, Perinatal MSC-



derived EVs possess a lipid bilayer membrane also enriched with cholesterol, sphingomyelin, ceramide, and lipid raft
proteins, which are involved in facilitating the trafficking and fusion of the membrane, bypassing any biological barrier 28],
Due to their specific properties, a number of studies have focused on EVs released by perinatal MSCs, highlighting their
potential for cell-free therapy in clinical practice. Perinatal MSC-derived EVs are safer and have a longer shelf life than the
MSCs themselves 23], |t has been observed that perinatal MSC-derived EVs have shown encouraging therapeutic effects

in preclinical studies; five of these studies are reported in the www.ClinicalTrials.gov database accessed on 30 July 2023.
One of these (NCT04213248) investigates the ability of umbilical cord-derived EVs to reduce dry eye symptoms in
patients with chronic graft-versus-host disease (cGVHD). Another study (NCT04202770) evaluates the potential of liquid
amniotic-derived EVs in the treatment of depression and neurodegenerative dementia, while another study
(NCT04384445) evaluates their ability to suppress the activation of cytokines or intervene in other adverse events in
COVID-19 patients with severe symptoms.
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