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Abstract 
Perinatal derivatives have been proposed as adjunct therapeutic strategies or innovative treatments. Undoubtedly, perinatal derivatives can 
offer the opportunity and source material to isolate multipotent stem cells, but both maternal- and fetal-derived tissues can be processed and 
transformed into engineered tissues or advanced biomedical devices, whose potential remains to be fully elucidated. Promising preclinical and 
clinical results collected so far clearly foresee an escalation of such novel treatments. Market forecasts predict exponential growth in such ad-
vanced medicinal products during the next decade, with a pragmatic innovation for medicine into a more advanced biomedical version, enlarging 
the portfolio for treating a wide range of congenital and acute conditions. However, all these promising and fascinating therapeutic possibilities 
cannot gain a solid and recognized role in established medical practice without rigid and harmonized manufacturing strategies. The implemen-
tation of strategies according to guidelines and directives compiled by Regulatory Agencies, in conformity to (European) Pharmacopoeia and 
for Good Manufacturing Practice -conforming production of such products, represent critical steps required to translate perinatal technologies 
into effective therapeutic approaches. During the past 5 years, a panel of European experts and developers, gathered under the umbrella of the 
COST Sprint Action, supported by the European Cooperation in Science and Technology action, had the opportunity to revise and summarize 
experience and recommendations for a fruitful and proficient generation of perinatal biomedical products. In order to facilitate the creation and 
potential commercialization of perinatal bioengineered and advanced pharmaceutical products and technologies, such a collection of data and 
recommendations is described and discussed here.
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Graphical Abstract 

Lessons Learned
• Strategic projects and collaborative discussions among biomedical experts and clinical scientists are critical to translating novel 

treatments into clinical practice.
• Critical steps significantly limiting the translation of novel biological strategies into the clinic span from recruitment and collection of 

donor tissues to processing strategies and premise validation, validation of final product and risk management, up to distribution and 
reconstitution for final transplantation.

• Bio-engineered tissues and isolated primary stem cells from full-term placentae may produce a paradigm shift in interventional and 
regenerative medicine.

• Perinatal derivatives can offer direct correction or enhance innate regenerative capacity.
• Conversely to several allogeneic treatments, perinatal cells, and engineered tissues have been proven not to require any 

immunosuppressant regimen to support their beneficial effects.

Significance Statement
Advanced medical therapies require compliance with International regulatory agency guidelines or directives, as well as synergy between 
different professional figures. Strategic projects and collaborative discussions among European experts and clinical scientists in using 
perinatal derivatives generated a comprehensive and complete summary of recommendations for the generation of advanced medicinal 
products and bioengineered tissues. A revision of current regulatory frameworks resulted in instructions and recommendations to support 
product manufacture, testing, use, and marketing of such novel perinatal therapeutic catalog.

Introduction
Perinatal derivatives (PnD) represent a new class of bio-
engineered and advanced medicinal products gaining recog-
nition and attracting growing interest as an unlimited source 
for multipotent stem cells, soluble mediators, and biological 
matrices. Under the umbrella of the PnD portfolio, we can 
identify intact tissues and mechanically isolated cells cur-
rently proposed as medicinal products (listed in Fig. 1, in gray 
and black, respectively).

The implementation of PnD in medical practice cannot be 
claimed as a recent proposal or innovative approach. The first 
documented use of perinatal tissue in support of skin regen-
eration is dated 1910 when human amnion membranes were 
implanted in more than 500 patients at the John Hopkins 
Hospital in Boston.2 Now, more than one century later, we 

can offer revised and optimized advanced treatments, based 
on PnD products generated and manufactured in compliance 
with Regulatory Agencies’ requirements. In addition to tradi-
tional tissue products generated by (minimal) manipulation of 
maternal and fetal tissues, during the past decades, optimized 
procedures have generated advanced technologies generated 
by mechano-enzymatic stem/progenitor cells isolated from 
both sides of the placenta. Seminal reports have highlighted 
that both intact cells and secreted mediators can treat and re-
verse critical medical conditions, including disorders currently 
suffering from limited or no effective therapeutic options. 
Similar to what happened in 1988, when the first perinatal 
product was implemented in clinical practice, with cord blood 
transfused into a patient with Falconi anemia.3 Nowadays, 
35 years later, PnD translation into clinical practice for such a 
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plethora of perinatal products requires strict compliance with 
International and Regulatory Agency regulations, in regard to 
donation, production, and distribution to the end user. Within 
the next few pages, experts and operators working on different 
levels of development and validation of PnD products have 
gathered under the umbrella of COST action. COST Sprint 
Action (CA17116)4 has attracted experts from 30 different 
European Countries, allowing leaders and experts in PnD at 
different levels of preclinical or clinical application to share 
and offer experience and know-how. Such a 5-year long ac-
tivity allowed, among others, to compile this short overview 
of the minimal measures that need to be addressed in order 
to utilize such valuable resources for medical and veteri-
narian use. Such a set of preventive and quality measurements 
are strictly regulated by National and International Agencies 
and have recently been revised by the European Commission 
(resulting in the EDQM guide). Such documents accurately de-
scribe and detail all the requirements for collection, processing, 
and conditions for traceability and biovigilance, in addition 
to quality management and risk management, donor evalua-
tion, and testing. And it is moving from such publicly avail-
able documents in addition to discussions between academic 
and commercial developers and experts in PnD technologies, 
we decided to generate this current work with the ambition to 
serve as a guide and support to developers, up to the final users.

The majority of the specifications here described apply in 
principle to all PnD products. However, some level of flexi-
bility and a slightly different set of validation analyses can be 
applied to different PnD, depending on the nature of the tissue 
of origin and intended application. The measures differ with 
regard to the specific requirements for the product and the clin-
ical application. While the established Quality Management 
System (QMS), as well as requirements for donor selection, 
donor testing, and collection of starting material, are equally 

valid for all PnD, some additional steps (eg, processing, product 
quality control, storage) vary among PnD products. An axio-
matic example consists of the amniotic membrane: when such 
perinatal tissue is used as a matrix, both the manufacturing 
processes and regulatory criteria are different from amni-
otic cells when isolated after birth and intended to be used 
in allogeneic treatments. Amnion-derived cells, together with 
several perinatal cellular products, are classified as Advanced 
Therapy Medicinal Products (ATMP), and the adoption of 
stringent manufacturing and laboratory set of rules is crucial 
and mandatory. The adoption of current Good Laboratory 
Practice (GLP) and/or Good Manufacturing Practice (GMP) 
conditions for process development and scale-up of PnD 
products is critical for delivering a safe and effective treat-
ment. To grant safety for recipients of human tissues, cells, and 
cellular mediators, strictly regulated and qualified criteria have 
been established for every single step, moving from donation 
and procurement to processing, preservation, storage, testing, 
and distribution of the final product to the end user.

Within the European Community, the growing need for 
innovative medicinal products and advanced therapies is 
inextricably linked to specific regulations and directives 
implemented for medicines and human-derived products. 
However, there is a clear and distinct difference between EU 
directives and regulations (Fig. 2).

A directive is a legislative act with a clear goal, enforced by 
all the active Members. Such act implementation mainly relies 
on the individual State Members, based on their own laws, 
and relying on National Agencies to define a path leading 
to these goals. Thus, specifications can differ from Country 
to Country. Conversely, a set of regulations are binding leg-
islative acts, active at the European level. Such rules must 
be applied on their integrity broadly by every State, and a 
set of guidelines have been implemented to elucidate how 

Figure 1. Schematic representation of different PnD products: in gray all the tissues and in black the most relevant cells potentially extracted from a full-
term human placenta. Nomenclature has been revised and summarized accordingly to a previous publication.1



Stem Cells Translational Medicine, 2024, Vol. 13, No. 1 17

such regulations should be applied and followed (eg, GMP 
guidelines). However, such a level of variability with related 
interpretation and enforcement clearly raises uncertainty and 
jeopardizes the adoption of therapeutically valuable PnD 
treatments with the European Community.

Key Elements for the Production of a PnD 
Product
Within the next sections, we intend to outline and discuss the 
key elements (summarized in Fig. 3) required for the quality 
and safety production of PnD leading to clinical application. 
We will discuss and describe the production chain, starting 
from manufacturing facility requirements and biological 
source procurement (eg, donation), up to final product quali-
fication and release.

Recruitment, Consent, and Evaluation of Potential 
Donors
Tissue and organ donation have been the backbone for 
many medical interventions and resolutive treatments 
during the past century. Moving from blood transfusion to 
organ transplantation, the collection, and implantation of 
an allogeneic somatic tissue has sometimes raised ethical 
and technical problems. Undoubtedly, the biggest advan-
tage of using placenta, collected at the end of pregnancy, is 
the complete lack of ethical issues and no additional risks 
for the mother or the newborn. Human placentae are com-
monly considered as waste material in Western Countries. 
Nevertheless, since perinatal tissues are collected from a 
living donor, many steps of donor recruitment and evalu-
ation are facilitated. Interestingly, the human placenta is a 
hybrid tissue, mosaicism between tissues of maternal origin 
strictly interconnected to tissue and cells generated by the 
embryo during the 9 months. Thus, the mother, and the 

father in some jurisdictions, are called to serve as respon-
sible persons to sign consent for fetal-derived material. The 
purpose of use for every part of the donated tissue needs to 
be fully declared in the informed consent and comprehen-
sively explained to the donor(s). Concurrently, the donor(s) 
are allowed to provide social and medical history such as 
personal and behavioral information (including travel his-
tory), genetic disease, family and transfusion history, cur-
rent medication, and status of recent vaccination. It is 
common practice to test donors for all high-risk pathogens, 
such as hepatitis A/B/C, HIV, and syphilis. Some medical 
centers perform additional screening on the cytomegalic 
virus, Epstein Barr virus, Treponema pallidum, Neisseria 
gonorrhoeae, Chlamydia trachomatis, and, if applicable, 
HTLV. Since 2020, almost every center adopted additional 
screening for SARS-CoV-2. All pathogen-positive deliveries 
are commonly excluded. Additionally, specific exclusion 
criteria applicable for PnD comprise significant viral, para-
sitic, bacterial, or mycotic infection (in particular amniotic 
infection syndrome); malformation of the fetus/newborn; 
endometritis; meconium ileus; premature rupture of the 
membranes.

The acceptance criteria for donor screening aim to mini-
mize the risk of transmitting diseases to the recipient(s).5,6 A 
critical step in donor evaluation is represented by the identi-
fication of the donor(s) and validation of the consent. Within 
the European Community (EC), the selection criteria are 
described in Directive 2006/17/EC, Annex I-III,7 as an im-
plementation of the previous Directive 2004/23/EC8 in terms 
of donation, procurement, and testing of human cells and 
tissues. Individual member states of the EC can set the accept-
ance criteria starting from the present Directive.

Procurement
Procurement must be authorized by the competent Health 
Authority, and the collection procedure must fulfill the minimal 

Figure 2. Current European directives and regulations pertinent to PnD and other advanced medicinal product generation.
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requirements supporting the preparation of a clinical-grade 
product. All procedures should be carried out by qualified 
personnel, in compliance with Standard Operative Procedure 
(SOP) and risk assessment. The parameters that compromise 
tissue procurement are commonly in relation to the use of 
open/closed systems or dedicated restricted areas, the time be-
tween delivery and collection, the decontamination activities, 
and personnel training.9

In the frame of PnD collection, both the placenta and 
umbilical cord are collected by the medical staff at the ob-
stetric unit, and the storage and transportation time should 
be minimized (the maximum recommended time is 24 h). 
The collection procedure for perinatal material is not dis-
similar from the classical organ transplantation activity: 
tissues should be placed in a sterile, pre-labeled container 
or bags filled with an appropriate transport medium (or de-
contamination solution).10 The sterile packaging should then 
be placed in a suitable outer container for transport to the 
processing unit. For sterility reasons, in several processes, 
only the tissues collected after the caesarian section proce-
dure can be accepted. Currently, there is no consensus on the 
supplementation of antibiotics in the transportation liquid 
or the temperature range between collection and delivery to 
the manufacturing unit. Commonly, if perinatal tissues are 
delivered and processed within 2–3 h after delivery, trans-
portation at room temperature has been proven not detri-
mental and sufficient for the production of both tissue11 and 
cell products.12

Premises
The facility where all the PnD products are generated must 
fulfill specific requirements and provide complete control 

of all critical areas of production. Specifications may vary 
according to the process performed or the type of product 
generated, and the intended use. To process ATMP and 
medical devices, GMP applies as detailed in the regulation 
EC1394/2007 and should be in compliance with the ISO 
standards 14644.13 The current legislation details the prin-
ciples of cleanrooms or restricted barrier areas needed to be 
considered in a manufacturing process. For these types of 
products, the cleanrooms are classified as grade B rooms, 
equipped with a grade A compartment (commonly laminal 
flow cabinets) where the high-risk operations are carried 
out, supported by grade C or D areas where less critical 
procedures are performed (storage and documentation). 
Environmental parameters such as air pressure, temper-
ature, and humidity must be monitored. To minimize the 
risk of contamination, a positive pressure is commonly 
applied in interconnected rooms, with a growing gradient 
from low- to high-risk areas. The appropriate air quality for 
handling human tissues or cells is usually equivalent to a 
grade A environment with a background of at least grade 
D. Recently, the “classical” concept of a GMP factory with 
personnel working within has been replaced by close system 
technology, where the starting material enter in a grade A 
“Isolator.” Such a complex device can be accommodated 
in a grade D area surrounded by personnel dressed with 
common laboratory coating.14

Processing
Several reports during the past 2 decades greatly advanced the 
development of new interventional strategies and therapeutic 
applications using PnD products. All the birth-associate tissues 
and cells have undergone extensive description and character-
ization, leading recently to a consensus paper detailing the 

Figure 3. Key elements required to generate and quality PnD biomedical products in the order here described and discussed.
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origin and criteria to identify such PnD products. To define 
various PnD beginning ingredients and final products listed 
below, we use such consensus nomenclature. 1 Essentially, 3 
major PnD products are currently manufactured and tested 
in several clinical trials15: (1) intact tissue or decellularized 
tissue/matrix; (2) intact, viable cells isolated from different 
parts of the placenta or collected from the amniotic fluid 
and cord blood; (3) secreted mediators generated by ex vivo 
culture of perinatal tissues or cells. The term “processing” 
comprises all the activities required to prepare, manipulate, 
preserve, and deliver the final medicinal product. Every step 
carefully considers the sterility of the biological material, in-
cluding repeated microbiological tests, in every aspect of the 
process, to document safety for the recipient(s) and operators 
working in the manufacturing facility. The quality control 
system begins with the procurement of tissues or cells in ad-
equate conditions (packaging, the safety of biological tissues, 
and quality control of starting materials before procurement). 
The document must include the traceability of tissue (from 
the procurement phase until the final batch administration) 
and must be performed according to Directive 2006/86/EC.

When the final products are PnD tissues or matrices, the 
processing must maintain unaltered the physical, mechanical, 
and biological properties of the final product. Axiomatic is the 
process currently adopted to manipulate amniotic membranes. 
Processing of the amniotic membrane generally begins with the 
mechanical detachment of the fetal membrane from the under-
lying (fetal and maternal) placental tissues. Fetal membranes 
comprise both the amnion and chorion leaflets, intercon-
nected by a jelly-like intermediate layer. The chorion may be 
discarded, and the amnion rinsed extensively to remove blood 
residues. In some procedures, both amnion and chorion tissues 
are processed concurrently, and the final product is generally 
referred to as an amniochorionic membrane. Such procedure 
is included and discussed in an EMA CAT document where 
the final product is clearly excluded from ATMP classification 
since the “does no longer contain cells or tissue.”16

But perinatal tissue is not limited to the main body of 
the placenta and surrounding leaves, the umbilical cord is 
probably historically the most used PnD material. As the 
main placenta organ, the umbilical cord can serve as a re-
pository for multipotent cells (described later) as well as 
the extracellular matrix (Wharton’s jelly, WJ). To prepare 
ECM extract from WJ, the umbilical cord is frequently cut 
longitudinally, exposing the embedded blood vessels (one 
umbilical vein and 2 arteries) without disturbing the epi-
thelium paving the external surface of the umbilical cord. 
The gelatinous layer of WJ is mechanically removed from 
the blood vessels and inner epithelium of the subamnion 
using a scalpel. During such processing, the membranes and 
WJ may be exposed to decontamination by surrounding 
the tissue in an antibiotic/antimycotic solution. The incuba-
tion temperature and time have to be defined and validated. 
Following the decontamination step and rinsing procedure, 
the WJ and membranes can be spread on fine MeSH gauze 
for easier handling, or on a suitable carrier membrane (eg, 
nitrocellulose), and, if needed, cut in pieces. Depending on 
the intended clinical use, one side of the amniotic mem-
brane (epithelial and stromal layer) can be exposed face-up 
for further processing.

In compliance with the preservation method, matrix 
grafts may be sterilized or decontaminated by irradiation. 
The sterilization approach should be validated for the initial 

estimated level of bioburden.17 The resulting product should 
be then sealed in sterile containers and labeled. As previ-
ously mentioned, the longest storage time that such product 
can be preserved without major detrimental effects depends 
on the preservation method and is defined and validated 
case-by-case, and will be discussed later in the text.

While clinical use of perinatal tissue is probably the first 
PnD product translated to the clinic (the first documented use 
of amnion membrane in medical settings is dated 1910),2 the 
largest use of perinatal cells is undoubtedly the infusion of 
cord blood cells and hematopoietic stem cell transplantation. 
In the latest 1980s, the processing of human cord blood was 
established and rapidly expanded in most medical centers 
worldwide. However during the past 35 years, it has become 
clear that full-term perinatal tissues may represent a promising 
and reliable source for multipotent stem and progenitor cells. 
The large-scale isolation and subsequent banking of stem cells 
have been the backbone of the emerging field of regenerative 
medicine. The processing of PnD cells comprises cell isola-
tion, purification, and cryogenic preservation, spanning from 
minimal, more-than-minimal, and substantial manipulations. 
Cord blood and amniotic fluid products have been largely 
used and still not classified as ATMP since manufacturing 
procedures limitedly include manipulations listed in Annex I 
to EC1394/2007,18 and summarized in Fig. 4.

Other perinatal stem/progenitor cells are ATMP and 
their processing should be in compliance with current GMP 
guidelines. Indeed, the release of cells following incuba-
tion with an enzymatic solution is considered as more-than- 
minimal manipulation, upgraded to substantial manipulation 
when cellular products are seeded in vitro. Robust pipelines 
and validated SOPs have been developed and standardized 
to generate clinical-grade batches of cells that have been used 
under hospital exemption applications or are under evaluation 
in several registered clinical trials.1 Commonly, the release of 
the final product is based on tripartite components, sterility- 
viability-identity, as required by International Regulatory 
Agencies (Fig. 5). Mechano-enzymatic procedures frequently 
result in heterogenic cell suspensions, and the presence of 
static cell markers on the surface of intact cells has been largely 
implemented to validate the identity of cell products.

Long-term maintenance or cell expansion in ex vivo 
conditions has been largely implemented in several processes 
to grant a sufficient number of cells to infuse in recipients, 
minimizing or avoiding multi-donor transplantation. 
However, standard culture conditions implementing culture 
media and supplements of animal origins had to be replaced 
and substituted, when possible, with GMP-grade reagents. The 
implementation of ECM proteins to support cell adhesion to 
in vitro conditions, as well as supplementation of a mixture 
of nutrients and growth factors, commonly supplied by fetal 
animal sera, has been recently replaced by human serological 
products or pools of platelets collected during blood donation 
and exposed to cryogenic lysing. Obviously, every medium 
supplement, as well as animal-free and GMP-grade reagents 
need to be validated and optimized. Genetic stability and tran-
scriptional evaluations are also part of the validation process.

The ATMP classification is a voluntary procedure that can 
be applied at any stage of product development, before or 
after preclinical/clinical results have been collected. Such clas-
sification in Europe is conducted by the CAT, on request, and 
based on the information the developer is able to provide, 
based on processing and product specifications.
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Figure 4. All the different laboratory procedures commonly involved in the preparation of biological medicinal products, subgrouped as minimal,  
more-than-minimal, or substantial manipulation according to EC1394/2007.

Figure 5. Schematic checklist for the release of a cell product.



Stem Cells Translational Medicine, 2024, Vol. 13, No. 1 21

While the recommendations on the classification provided 
by the International Regulatory Agencies are not binding, 
such classification may support researchers and developers 
to harmonize and get their technologies recognized (with 
granted relevant services and incentives offered) by the EMA.

Validation, Quality, and Risk Management
To fully ensure the safety and quality of a cell or tissue prep-
aration, the entire process must be under the supervision of a 
Quality Management System (QMS). The QMS is set out in 
a regulatory document detailing all the activities in relation 
to process manufacturing, spanning from the identification of 
a potential donor to the final batch preparation for clinical 
use.19 Some elements need to be present and described in QMS 
documentation and subjected to continuous maintenance. 
Such critical elements are summarized and described in Box 1.

In order to reach the most important requirement (quality) is 
mandatory to (1) define the regulatory context in terms of do-
nation, procurement, testing, processing, storage, distribution, 
and import/export activities for tissues and cells; (2) use a ro-
bust QMS in compliance with legal requirements (in some cases 
use the specific tool in relation with different types of tissue or 
cell); and (3) obtain the authorization for specific activities.

The validation activity certifies that all critical aspects of 
the establishment’s operations relieve patients of any risks 
and are in compliance with the clinical scope. Such validation 
is commonly divided into 2 components: qualification and 

process validation. The term “qualification” applies to each 
part of the process and assets (including cleanrooms, facilities, 
equipment, materials, and operators). The qualification must 
be conducted before the first use, and revised periodically, or 
when significant changes in the SOP are introduced.

The process validation can be subdivided into prospec-
tive validation (performed when a new process is initiated 
or when required by local legislation); concurrent validation 
(performed during the process of manufacturing); and retro-
spective validation (performed once the process is completed).

These activities’ objective is to identify any critical aspects 
through a series of controlled tests. Consequently, the activity 
requires a full understanding of the risks associated with any 
critical process and must be described in a risk matrix docu-
mentation. Such an approach includes the identification of the 
possible risks for the process in the products and also in the 
personnel involved and then evaluated from a quantitative risk 
analysis. Updated risk-mitigation strategies need to be devel-
oped and implemented to protect both donor’s materials, prin-
cipally the recipient(s). Risk analysis and mitigation strategies 
need to be performed at any process change implementation 
or when new documentation is integrated. Corrective And 
Preventive Actions prevent any occurrence in the future.

The validation policy should comprise the process de-
sign phase, where specific expertise and knowledge for the 
proposed process are required. During the validation phase, 
the process control strategy must be implemented, and all the 
assets involved, such as equipment, utilities, suppliers, and 
transportation, need to be qualified before proceeding with 
the process validation. Step-by-step subsequent validation 
should be carried out.

The implemented methods and the acceptance criteria 
should be approved by the establishment management and 
documented before qualification or process validation is 
initiated. Such a document is frequently called a “valida-
tion plan,” and a model is depicted in Fig. 6. Such validation 
should be performed by trained and competent personnel, 
and the results in compliance with acceptance criteria. All 
these elements articulate the QMS document. The process 
and policy (planning, executing, and recording validation) 
should be documented in written procedures and assembled 
in the “Validation Master Plan” documentation.

Preservation and Storage
Once the PnD product is generated, the storage and preserva-
tion of the final batch without detrimental effects are also a 
critical part of the manufacturing process. It is critical to op-
timize and validate preservation techniques for the intended 
use. The selected technique should allow the retainment of 
the critical properties (eg, structural integrity) for the longest 
possible storage period. Similarly to what is described in the 
preparation methods, the storage conditions should also be 
analyzed and optimized for the starting material and final 
treatment. Consequently, different preservation procedures, 
spanning from normothermic, hypothermic, or cryogenic 
conditions, have been tested and described. Tissues, cells, 
and secretomes can be preserved by different techniques in-
cluding, but not limited to, refrigeration/freezing, cryopreser-
vation, vitrification, drying/lyophilization, or glycerolization. 
Once in the frozen state, “off-the-shelf” PnD batches can be 
transported in liquid nitrogen dry shippers (or equivalent) to 
Transplant or immunology centers.

Box 1: critical elements included in the 
QMS document

1 Quality control (QC) testing list executed during the 
manufacturing process such as verification steps, 
 sampling, and testing applied to materials, processes, 
and the final product. The QC results must be accept-
able and within the range stated in the QMS.

2 The quarantine status of starting materials and/or final 
product requires that all quality-control tests and 
checks have been conducted. Instead, the concept of 
the release status of final product is confirmed by 2 
consecutive steps: the acceptance criteria of the donor 
and compliance of cells or tissue defined in the product 
specifications. Notably, the concept of “Quarantine and 
release” is not applicable in autologous treatment.

3 The change-control procedures that should be carried out 
prior to the implementation of a revised/new process. 
Written procedures describe the action to be taken if a 
change is proposed.

4 The full traceability of all materials, reagents, and equip-
ment that come into contact with tissues and cells. 
All the deviations reported during the manufacturing 
process must be documented, carefully investigated, and 
managed in a timely manner. Any reagent known to po-
tentially cause adverse reactions in the recipient should 
be reported and described.

5 The internal and external audit, are essential tools for 
ensuring compliance with the quality system and for 
supporting continuous quality improvement. All audits 
should be documented and recorded (especially external 
audits for designation of ISO certification).
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Tissue
Refrigeration or hypothermic preservation is frequently 
applied to intact tissues and organs and implies the re-
duction of temperature in the surrounding transportation 
liquid to minimize cell metabolism and prevent necrotic and 
apoptotic events. Cryogenic preservation is used as a pre-
processing step, or as in-processing storage for non-viable 
tissues. However, cryopreservation is more frequently 
implemented to store the final product awaiting release for 
transplantation. Cryopreservation may disrupt tissue and 
cell integrity.20 Hence, the selective choice of a freezing 
method should consider the end user’s needs and clinical 
applications.

PnD can be stored in hypothermia (<20 °C), low (deep 
frozen at −60 to −80 °C), or at ultra-low temperatures 
in vapor or liquid nitrogen (−140 to −196 °C). 
Cryopreservation (or low/ultra-low temperature preser-
vation) is a process where the biological and structural 
functions of tissues or cells are preserved in sub-zero 
temperatures, lower than −140 to 196 °C (storage in liquid 
nitrogen or vapors), respectively.

The preservation of the PnD matrix (amnion/chorion mem-
brane and WJ) requires the packaging of the final product, 
followed by low (−80 °C) or ultra-low temperature storage 
after controlled-rate freezing.21-23 Long-term storage (up 
to 5 years) has been reported. However, storage at higher 
temperatures (−80 °C) has also been successfully described 
when a cryoprotective agent (CPA) is supplemented (max-
imum storage time, 2 years). In such tissue products, where 
maintenance of cell integrity and viability is not strictly re-
quired, the PnD product can be preserved without the addi-
tion of CPAs.24

Another approach largely used to generate PnD matrices 
involves overnight heat drying in an oven at 40 °C, or al-
ternatively air-dried at room temperature. Once dehydrated, 
the PnD product can be packed and eventually sterilized by 
irradiation. The long-term storage of such a product is also 
carried on at room temperature.25-27

A third option for a PnD tissue product involves lyophili-
zation. Lyophilization (or freeze drying) involves the dehy-
dration of the product. Such an approach requires reducing 
the temperature as well as the pressure to allow water to 
sublimate directly from the solid phase to the gas phase. The 
PnD matrix is rapidly exposed to low temperatures, 50-80 
°C below 0 °C (possible with lyoprotectants). Then, the final 
product can be then vacuum-dried and water once again 
extracted through sublimation, leading to a final water con-
tent not higher than 5-10%. Lyophilization allows storage at 
room temperature and prevents tissue autolysis. Following 
the package, PnD matrix grafts can be sterilized by irradiation 
and stored at room temperature.27 Recent studies support the 
implementation of lyophilization procedures to retrieve vi-
able cells as well if an optimized process with lyoprotective 
agents can be optimized.28

PnD tissues have been also reported efficiently preserved in 
glycerol. Glycerolization is a preservation method benefitting 
also from the antimicrobial properties of high concentrations 
of glycerol. Benefitting from the fact that glycerol permeates 
slower than water, an initial efflux of water is commonly 
achieved by the addition of glycerol. However, as glycerol 
begins to permeate, water may re-enter the tissue. Once 
glycerolization is completed, the final water activity is ~0.3, 
a value known to reduce lipid peroxidation and other deg-
radation reactions. Rather than dehydrating the tissue, as 
is commonly assumed, it has been shown in wound healing 
applications that glycerolization results in the sequestration 
of water.29,30 Typically, 85% glycerol is used to preserve fetal 
membranes for up to 2 years hypothermically.31

Intact Cell
Human cells can be stored at room temperature, or 
hypothermically (similar to what is currently performed with 
solid organs). For instance, sub-confluent cultures of MSC 
have been stored at 4 °C for 2-4 days. Then, such products can 
be recovered by transferring at 37 °C for a few hours. Such a 
procedure has been reported as efficient in recovering viable 

Figure 6. Validation plan strategy.
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cells with typical surface marker expression, proliferation ca-
pacity, and osteogenic potential.32 During such hypothermic 
storage, the supplementation with chemical modulators (such 
as resveratrol and salubrinal) has been proven beneficial to 
improve cell viability.33

After isolation and/or expansion, the cells can be frozen 
with the addition of a cryoprotectant which will preserve them 
from damage caused by the formation of ice. The allocation 
of cell products is greatly facilitated by the possibility of long-
term storage and distribution in a cryogenic state. However, 
such cryogenic preservation may generate detrimental effects 
on the intact cells, where the ice crystal formation and the 
increase in the volume of the cytoplasm frequently irrevers-
ibly damage the cells. To prevent such effects, several CPAs 
have been tested and implemented.

Intracellular CPAs have low molecular weight: dimethyl 
sulphoxide (DMSO), dimethylacetamide, ethylene glycol, 
glycerol, methanol, and propylene glycol 1,2-propanediol. 
Extracellular cryoprotective agents are oligosaccharides (ie, 
Trehalose) or have a higher molecular weight (ie, hydroxy 
ethyl starch, albumin, and polyvinylpyrrolidone). Intracellular 
CPAs are considered the more effective type; they penetrate 
into the cell and prevent ice crystals. However, due to their 
high penetration capacity, such penetrating molecules re-
sult in a high level of toxicity at physiologic temperature. 
Among intracellular cryoprotectants, DMSO is by far the 
most used. A final amount equal to 5%-15% is largely used 
in clinical protocols, and GMP-grade commercial solutions, 
supplemented with different amounts of DMSO are com-
mercially available.34 Mutsenko and coworkers proved that 
electroporation could improve preservation by introducing 
sugars into hUC-MSCs (sucrose, trehalose, or raffinose) that 
are normally extracellular CPAs. On average, more than 80% 
of cells were recovered after thawing35.

The cooling rate has also been reported as critical to 
preserving PnD products. To generate a progressive de-
crease in temperature, cells are placed in a freezing device 
(such as a controlled-rate freezer) that gradually reduces the 
temperature.

Another promising strategy for reaching ultra-low storage 
temperature for long-term cell preservation is vitrification. 
One of the major obstacles to successful vitrification is the 
possibility of generating rapid cooling and heating rates 
to minimize vitrification/devitrification and crystalliza-
tion/recrystallization-induced damages during cooling and 
rewarming at thawing, generated by intracellular ice for-
mation. The usage of magnetic induction heating of mag-
netic nanoparticles to enhance rewarming was successfully 
used to overcome this hurdle36 for human umbilical cord 
MSC (hUC-MSCs) preservation, using a culture medium 
containing 1,2-propanediol, Ethylene Glycol, and trehalose 
as cryoprotectants.

The validation of cell preservation should consider all the 
critical points summarized in Fig. 7. However, such a method 
of preservation is not risk-free, and the thawing step is fre-
quently accompanied by a loss in viability and cell recovery, 
or sometimes, a reduction/erase in critical functions.

Relatively few studies have specifically studied the effects 
of cryogenic preservation on PnD products.37 The extrapo-
lation of data obtained on adult cells to perinatal cells, even 
of the same cell type, is not obvious. An abundant amount of 
data is available, established from MSCs isolated from adult 
tissues, adipose, or marrow, which presumably could also be 
applicable to UC-MSCs. In a study with marmoset monkey 
cells, it was shown that the optimal cooling rate, and accord-
ingly the post-thaw viability obtained with the same freezing 
protocol, were different between MSCs isolated from amnion 
and bone marrow.38 Moll et al showed in the clinical setting 

Figure 7. Critical elements for successful cryogenic preservation of biological products.
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that fresh BM-MSCs have an improved efficacy compared to 
freeze-thawed MSC, possibly because thawed MSCs can ex-
perience a substantial heat shock response related to freeze-
thawing.39 This phenomenon is sometimes called “the cryo 
stun effect.” The thawing procedure led to an alteration of 
the immunosuppressive effect of MCS, in an unsuspected way 
if it is not specifically verified because the phenotype itself is 
not modified.40,41 Accordingly, a high freeze senescence may 
correlate with poor post-thaw function in MSC samples42 
and with an exhaustive number of freezing steps.41 Moreover, 
cryopreserved MSC is susceptible to T-cell mediated apop-
tosis43 or secrete lower levels of growth factors.44

Cryopreservation or vitrification in MSC preservation is-
sues was recently reviewed in detail.34,45,46 Cryopreservation 
should not be considered successful based on post-thaw cell 
viability alone. Studies validating the preservation of cell 
viability and identity are strongly recommended for any 
PnD cell product,37 eventually coupled with biodistribution 
studies in support of efficient engraftment in the target 
organ.47

Differences between fresh and thawed cells might be lim-
ited but significant and should not be minimized. Indeed, cry-
opreservation could be an uncontrolled variability factor that 
could explain discrepant results, for example between pre-
clinical models of bone marrow-derived MSC effectiveness 
and negative outcome of a clinical trial for the treatment of 
steroid-resistant acute graft-versus-host disease.48 Because of 
the disappointing outcomes obtained with clinical trials that 
used cryopreserved MSCs, some authors recommend that 
cryopreserved MSCs should be allowed to recover after thaw 
(an “acclimatization” time, for instance, 24 hours) and reach 
confluence.45 To avoid such substantial manipulation, another 
option would be a series of washes followed by centrifuga-
tion steps, such a strategy would clean final products from 
cell fragments or apoptotic bodies and enrich in desired cell 
product.37

From the perspective of biobanking, the cryopreservation 
of an entire tissue, for instance, the umbilical cord, for the 
subsequent isolation of the cells and their expansion, is an in-
teresting strategy. Interesting studies have supported the possi-
bility of isolating and cultivating MSCs from neonatal frozen 
tissues, quite similar to those obtained from fresh tissues (for 
review see49). Puzanov et al showed that cryopreservation of 
primary HUVEC does not affect the physiological features of 
such umbilical endothelium. Such an approach could support 
the efficiency of biobanking logistics,49 but in practice, does 
not solve the difficulties of preparing the cell product at the 
right time for clinical use.

Secretome
The cell secretome is composed of proteins, enzymes, and 
miRNA, released in the surrounding compartment as sol-
uble mediators or embedded inside extracellular vesicles (EV) 
vehiculating such signaling even to long distances. EV is a 
generic term to describe vesicles of different sizes and com-
position, commonly grouped into 3 categories: (1) exosomes 
(30-150 nm in diameter), formed from intraluminal vesicles; 
(2) microvesicles (50-1000 nm in diameter), released by exo-
cytosis; (3) apoptotic bodies (from 500 nm to 5 μm), plasmic 
membrane budding. In particular, exosomes play pivotal 
roles in cell renewal, immune surveillance,50 tissue repair,51 
blood coagulation,52,53 and inter-cellular communication. 
The production of EVs as biomedical products initiates 

with the collection of cell supernatant after 24-48 h of cul-
ture, followed by a process of purification (such as serial 
ultra-centrifugation, tangential flow, and size exclusion chro-
matography). The scientific community is still debating and 
investigating the optimal conditions to preserve cell secretome 
integrity and bioactivity, including lyophilization and low-
temperature preservation. No consensus has still reached. 
Nevertheless, it is necessary to determine and validate the op-
timal storage conditions for biological products (tissue, cells, 
or secretome) to verify, before the start of a clinical trial or the 
commercialization, their impact on the expected functionality 
of the cells. If necessary, consider allowing time for acclimati-
zation after thawing.

Microbiological Testing and Release
Similarly to what is described in the section Recruitment, 
Consent, and Evaluation of Potential Donors (donor evalu-
ation), a macroscopic examination of the starting material 
(ie, fetal membranes) can be easily performed during procure-
ment and processing. Any visible pathological alterations or 
damages within the structural integrity of the tissue can lead 
to the exclusion and rejection of such a donor. The size of 
donor material may also represent a valid method to prevent 
the processing (an inadequate graft size is also a valid reason 
to stop any further manipulation).

The European Pharmacopoeia (Ph. Eur.) represents the 
primary source of information for quality standards and 
requirements for medicinal products and drugs, including 
their ingredients, in Europe. Such a document provides the 
scientific basis for product QC, supporting the pharmaceu-
tical and biotech companies, as well as the healthcare system. 
Such standards are legally binding requests and directives de-
fined by the Council of Europe Convention on the Elaboration 
of a European Pharmacopoeia and in European Union and 
national pharmaceutical legislations. Indeed, every medicinal 
product needs to fulfill the sterility requirement, and PnDs 
are not an exception. Both ATMP and minimally manipulated 
products are processed under strict aseptic conditions, to pre-
vent contamination, and finally tested for endotoxin level 
or mycoplasma presence, within all other sterility tests.54 
One representative sample or a satellite vial (in the case of 
cryopreserved products) is periodically withdrawn from the 
batch and tested for sterility and quality. The representative-
ness of the sample is based on the final volume and homog-
enization of products. All the considerations above apply 
to ECM-derived products or cellular ATMP. Furthermore, 
in tissue products (ie, amnion membrane), representative 
samples are obtained with the same technique largely used 
for organs: bioptic material or surface swabs are sufficient 
to determine the sterility and integrity of the final product. 
However, the final product is not the sole sample com-
monly tested during processing, bioburden testing should be 
performed on transportation liquid, and washing solutions 
once got in contact with the PnD material, as well as post-
sterilization or decontamination. Anaerobic, aerobic, and 
fungal testing for cell or tissue samples are the most direct 
qualitative measures of microbiological contamination.54 
The presence of antibiotics during transportation can affect 
the sensitivity of the tests (leading to false negative results). 
Germ detection methods must be validated in the presence of 
contaminants (ie, albumin, or ECM proteins), known to affect 
the detection probes. The microbiological method suitability 
must be in compliance with the European Pharmacopoeia 
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and validated for different bacterial, fungal species, and other 
microorganisms.

For sterility testing, the direct inoculation method is suit-
able for solutions and tissue samples. Alternatively, Ph. Eur. 
2.6.1 allows filtration with filters with a nominal pore size 
equal to or lower than 0.45 μm,55 with proven effective-
ness in retaining microorganisms. After filtration, the filter is 
transferred to an agar medium for incubation. During incuba-
tion, a minimal number of intermediate and one final reading 
should be recorded.

Microbiological control of products presenting a risk of 
contamination by environmental germs must be incubated 
at 2 different temperatures in order to allow the growth of 
a wide range of microorganisms. Classical sterility testing 
implies 2 broths, assessed macroscopically for evidence of mi-
crobial growth ideally daily; at least one intermediate reading 
and one final reading should be made. The incubation of soya-
bean casein digests medium in aerobic conditions at 20-25 °C, 
allowing the detection of fungi and bacteria. The incubation in 
fluid thioglycollate medium, in anaerobic conditions at 30-35 
°C, allows the detection of anaerobic bacteria. Automated 
culture systems generally take very regular readings and re-
port microbial growth as soon as it is detected via CO2 pro-
duction. Broth bottles can be inoculated with a volume of up 
to 10 mL and sometimes contain resin or activated carbon 
neutralizing microbial growth inhibitor additives. Incubation 
should last at least 7-10 days for automated culture systems, 
extended up to 14-21 days in case of slow bacterial growth, 
or for classical sterility testing. Precautions should be taken 
against microbial contamination during a test.55,56

Bioburden is defined as the number of microorganisms on 
a surface or volume,54 determined either by membrane filtra-
tion or by direct plate counting methods.57 Common methods 
for automated and sensitive microbiological tests consist of 
consumption/production of ATP, turbidimetry, cytometry, 
PCR, and more (refer to57,58 for a complete list of approved 
technologies)

The presence of mycoplasma59 and bacterial endotoxins60,61 
can be detected in PnD products (such as in processes 
involving products of animal origin): both mycoplasma 
and endotoxins alter cell metabolism and activities in vitro, 
and such contaminations should be carefully avoided since 
they may severely compromise the safety and efficacy of the 
PnD graft (particularly in immunocompromised recipients). 
Mycoplasma particles are not retained by filtration, and en-
dotoxin binds to the cell membrane and leads to cell lysis. 
Endotoxins are frequently detected via the Limulus Amebocyte 
Lysate assay, but can also be detected via biomolecular 
approaches, according to European Pharmacopeia.

In general, products found contaminated should not be 
released unless their clinical relevance justifies such exemption. 
Eventually, the identification of the germs and antibiograms 
allows a risk assessment based on such microorganism 
pathogenicity, leading to the possibility of administering an 
antimicrobial supplement to the final product or recipient. 
If the process involves terminal sterilization of the product 
within the final container, parametric release based on process 
data (and not on final microbiological tests) is still accept-
able, if each critical step (including sterilization) is validated. 
If antibiotics are used in any step, before or during processing, 
such critical information must be indicated on the package 
leaflet, to acknowledge the final user about possible adverse 
events or preventive measures to adopt after use.

Recent Advances in PnD Preclinical and 
Clinical Studies
During the past decade, a growing number of clinical trials 
using PnD products have been registered,15,62 and the (sci-
entific and commercial) interest in such novel and prom-
ising therapies has literally “exploded.” Due to the presence 
in both scientific literature and market portfolio of such a 
plethora of treatments, where different parts of the human 
placenta were dissected and utilized, a group of European 
experts and specialized operators felt the need to share a 
common experience and discuss past and current experi-
ence under the umbrella of COST action. Approximately 5 
years ago, the COST Sprint action (CA17116) offered the 
possibility to gather together a growing amount of experts 
from several European Countries, leading to the generation 
of different documents and guidelines published in open-
access journals in support of manufacturing and exploita-
tion of PnD. The present work represents one of the latest 
documents compiled by such experts and operators. With 
tissue and cell manipulated to generate new treatments and 
potential new therapies for orphan diseases, a group of clin-
ical experts and manufacturers revised current European 
legislative frameworks to offer a revision and indications 
on such a complex set of rules and requirements for PnD 
biological product manufacturing and commercialization. 
International and European regulatory frameworks have 
laid down instructions and recommendations to monitor 
product manufacture, testing, use, and marketing of these 
new biological products. A revision of current rules and 
requirements across individual European countries may sup-
port and guide the generation of a novel PnD therapeutic cat-
alog. The revised and described key elements, framed within 
the European Community, have no limited value within the 
European Medicines Agency, but they will definitely cover 
requirements and requests supported by other International 
Agencies to grant the path of product development and asso-
ciated requirements clear and transparent.

As a consequence of human origin and PnD product 
complexity, the existing preclinical models are sometimes 
ineffective in predicting the clinical effects. The lack of ap-
propriate animal models is not a reason to prevent or block 
new therapeutic approach development, particularly in areas 
of high therapeutic need. We have frequently experienced 
data generated in preclinical models raise concerns rather 
than confirm and support their clinical translation. Rodents 
and lagomorphs are largely diffused preclinical models, easy 
to use, and characterized by limited life span and high pro-
liferative rate. Nevertheless, large animals are frequently 
implemented in a second step, depending on the product type 
and indication. However large animals are difficult to use 
and economically challenging. The use of preclinical models 
has been recently revised and in vitro alternatives have been 
largely recommended and requested by Regulatory Agencies. 
Preclinical results may generate a false sense of safety or risk, 
heavily impacting the diffusion and market approval of such 
a novel product. Nonetheless, preclinical validation based ex-
clusively on ex vivo models is still considered high risk. The 
transfer into humans for the first clinical trials is offered with 
an extra-cautious approach, where product characterization 
and analysis of potency may imply a high level of complexity, 
much higher than other conventional biochemical molecules. 
Indeed, the manufacturing process and distribution represent 
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2 of the pillars supporting the novel treatments promising to 
revolutionize regenerative and personalized medicine.

Despite studies on safety, carcinogenicity, or toxicity (in-
cluding repeated dose) being in principle needed and similar 
to conventional pharmacological treatments, a biological 
product may lead to long-lasting persistence and exposure 
to biological effects. Such effects may vary with time and 
biodistribution. The distribution and long-term engraftment, 
with relevant modifications in the ectopic site of action, may 
gamble clinical outcomes and expected results. The limited 
knowledge of the mechanism of action offered by biological 
products can exacerbate the lack of confidence in clinicians, 
reluctant to apply new treatments. All the aforementioned 
concerns form the basis for the “risk-based approach,” as de-
fined by the Committee of Advanced Therapies (CAT), a spe-
cialized group within the European Medical Agency (EMA), 
revising any new ATMP.

The term “cellular therapy” identifies a modality of med-
ical treatment in which pharmacological molecules and 
products are replaced with intact cells or cellular mediators. 
Examples of classical cellular therapies that have been regis-
tered and translated into clinical practice during recent years 
include bone marrow or peripheral blood stem cell trans-
plantation and, more recently MSC isolated from different 
tissues. Similarly, it is undoubtedly the 2 most diffuse and 
largely known products generated by PnD are membrane 
derivatives and MSC isolated from different parts of the pla-
centa or amniotic fluid. Mesenchymal stromal cells, for a 
long time (and sometimes still), mislabeled as mesenchymal 
stem cells, are multipotent cells with excellent proliferative 
capacity (preserved ex vivo). Stromal cells are present in the 
connective tissue or organ, therefore so MSC can mean that 
too. These cells can be isolated theoretically from every so-
matic tissue (fat, muscle, dental pulp of deciduous teeth, and 
more), but bone marrow was the primary source for such 
MSC. Bone marrow-derived MSCs are still considered the 
gold standard for several medical applications. Perinatal 
tissues have also been largely studied and confirmed as a val-
uable source of high-quality MSC. Both the umbilical cord 
and blood, as well as the maternal and fetal layers of the 
full-term placenta have been proven excellent sources of 
MSC, with some level of differences and enhanced features 
when perinatal cells have been compared to somatic cells 
(agreement on such regard and properties is still pending). 
Approximately 30 years ago, Dr. Caplan coined the term 
“mesenchymal stem cells,” based on these cell multipotencies 
and highly proliferative capacities.63 However, recently, he 
publicly revised such multipotent cells as stromal medicinal 
products, whose paracrine effects, rather than differentiation 
capacity, represent their most prominent mechanism of ac-
tion. The exact mechanism(s) of action for different MSCs 
is still unknown, but it has been broadly reported that these 
bioactive cells can home in sites of injury and support the 
innate capacity to regenerate. Or, MSC can secrete active 
mediators and trophic factors to induce regeneration. During 
the past years, several experts have highlighted that MSC ac-
tion serves as a promotor or adjunct treatment in support of 
tissue-resident progenitor cells. Tissue progenitor cells may 
actually serve as real fabricators for new tissue, with the 
critical support of (allogeneic) MSC and secreted factors.64 
Nomenclature was officially changed and consolidated by 
the International Society for Cell and Gene Therapy (ISCT) 
in 2019,65 15 years after a panel of experts delineated the 

release criteria to identify MSC in 2006.66 Mesenchymal 
stromal cells were defined as “mesenchymal” elements 
since embedded into a large extracellular compartment. 
Mesenchymal cells are characterized by few intercellular ad-
hesion and lack of polarity. Furthermore, MSCs have been 
called “stromal” cells since they can actively play a role in 
producing new stroma and, as fibroblastic cells, are capable 
of adhering to plastic. Morphologically, MSCs are described 
as long and thin cells with a large nucleus that is surrounded 
by finely divided chromatin particles, giving the nucleus a 
clear appearance. Perinatal MSCs have also been identified 
“according to the criteria of The Mesenchymal and Tissue 
Stem Cell Committee of the International Cell Therapy 
Association.” The widely accepted minimal criteria to define 
MSC was proposed by ISCT experts66 in 2006. Such minimal 
criteria comprise (1) plastic-adhesion in vitro; (2) character-
istic expression of surface markers such as ectoenzymes and 
receptors CD73, CD90, and CD105; (3) ability to mature 
into mesoderm lineages such as adipocytes, osteoblasts, and 
chondroblasts. However, these multipotent cells do not ma-
ture into the hematopoietic lineage as well as several other 
lineages. But general consensus or final proof in such regard 
is still pending.

The topic where consensus has been reached and no 
more discussion has been raised concerns MSC as an ATMP 
product. Despite the vast interest in perinatal MSC, there is 
still a lack of standardized protocols and guidelines for iso-
lation, preservation, expansion, and delivery to ensure the 
large-scale production of cells for clinical uses.67 Similar 
considerations have been offered for any other cell products 
potentially releasable from perinatal tissues, such as hAEC 
or hUVEC. The processing of all the PnD cells must be 
performed in a controlled environment with filtered lam-
inar flow and in compliance with GMP and GLP rules to 
ensure maximum sterility of the working space.68 During the 
last years, several groups performed a critical review of the 
manufacturing process, aimed to standardize reagents and 
SOPs in accordance with current GMP requirements.12,69 
Additional refinements and studies focused on the expansion 
of the pool of primary tissue by donor tissue hypothermic 
preservation (to extend the time allowed between collection 
and processing), as well as optimization and harmonization 
of cryogenic preservation of cells and tissues for clinical use 
(DMSO-free solutions have been proposed and under inves-
tigation). It is important to note, that PnD populations may 
vary depending on the donor, so isolation and qualification 
protocols might require further optimization. Regarding 
PnD tissue specimens, mechanical dissection, and surgical 
resections are commonly preparing different tissues and 
specimens to further enzymatic isolation, and eventually to 
gradient purification. All the perinatal stem/progenitor cells 
undergo the same validation criteria as any other ATMP: ste-
rility test; cell viability quantification; and evaluation of cell 
suspension identity to determine the grade of heterogeneity 
within the final product.

The route of infusion and more relevantly the trans-
plantation of PnD generated from different donors in one 
single recipient has also been tested and largely debated. 
According to European recommended guidelines (EDQM-
Guide), the pooling of allogeneic preparations should be 
limited or avoided, when possible. However, in order to 
reach the cell dose required to generate clinical effects, in 
the past, injections of multiple donors have been offered 
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and described. In such exceptions, the final (cellular or 
tissue) product was offered to grant clinical outcomes. 
Obviously, in such combined therapies, a comprehen-
sive risk-benefit analysis must be performed to determine 
whether this procedure is justified, and risks mitigated. The 
sequential transplantation of different donors, rather than a 
pool of allogenic cell products, has been described as benefi-
cial in cord blood transfusion and it is currently a common 
and recommended routine. Similarly, in other allogenic cell 
therapies (eg, hepatocyte transplantation), the sequential 
injection of different donors, in some cases more than 10 
donors, has been reported effective and safe. However, the 
co-infusion or repeated injection of products generated by 
allogeneic donors is commonly seen as risky and should be 
properly evaluated. Furthermore, such multi-product use 
must be coupled with complete traceability of all the indi-
vidual donations.

Conclusion
As for any new medicinal product, the development and ap-
proval of clinical batches need to be based on non-clinical data 
supportive of the mechanism of action and potential thera-
peutic activity. Many PnD products, including multipotent 
MSC or hAEC, have complex and not fully characterized 
MoA, making it difficult to determine which product attributes 
are most relevant to clinical purposes. Positive clinical results 
could be the outcome of one or more different mechanisms 
of action. Appropriate laboratory analyses testing the biolog-
ical activities should be based on the intended biological ef-
fect, and on clinical response. Since several different diseases 
are commonly treated using PnD, there is no single test that 
can adequately measure product attributes to predict clinical 
efficacy. No recommendations are present in any guidelines, 
since International Agencies recognize the actual limitations 
and clearly state that a single biological or analytical assay 
may not be sufficient to provide an adequate measure of po-
tency.62 Several reports have highlighted such limitations and 
offered novel strategies to overcome such a burden. During 
the past years, within COST action, PnD experts within all 
the European Countries gathered together and shared their 
experiences and protocols.62 It has been reported as a battery 
of assays, rather than a singular analysis, which is preferable 
and more informative to evaluate specific functions requested 
to correct the disease and to better match recipients’ needs. 
A multi-disciplinary approach should be implemented and 
optimized to ensure a complete and useful PnD profile: quan-
titative transcriptomic analysis; and flow cytometric analysis 
of functionally relevant surface markers. When pertinent, 
protein-based assay of secretome and cytoplasmatic enzymes.
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