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Premise
 Assisted Reproductive Technologies (ARTs) have a consolidated 
role in human and animal reproductive management. While in hu-
man, they are devoted to overcome infertility or to prevent genetic 
transmissible diseases, in veterinary they are mainly addressed to 
economical purposes or biomedical research. The most standardized 
in vitro ARTs are oocyte maturation (IVM), fertilisation (IVF), and 
embryo culture (IVC), collectively termed embryo production (IVP). 
It is worth of note, the pioneering experiments that opened the doors 
to ARTs have been set up in animal models: in 1950s the first IVF 
live pups were in rabbits and, one decade later, in mice whereas the 
first human embryo was obtained only in 1978 when Louise Brown 
born. Initially, to overcome the complexity of reproductive events, the 
procedures were performed in vivo using rabbit or sheep oviducts as 
recipient to then move towards oviductal cells co-culture. Gradually, 
the “natural systems” where replaced by chemically defined media 
[1].

 Nowadays, despite IVP is largely applied it is still far from to be 
considered a mature technology. Indeed, important issues remain to 
be addressed such as to ameliorate the percentage of fertilized oo-
cytes, identify predictive markers defining oocyte/embryo quality 
and prevent the negative epigenetic impact of ARTs [2]initiated by 
reports on an increase of children with the Beckwith-Wiedemann im-
printing disorder, is very topical. Hence, there is a growing literature, 
including mouse studies.\nMETHODS: In order to gain information 
on transgenerational epigenetic inheritance and epigenetic effects in-
duced by ART, literature databases were searched for papers on this 
topic using relevant keywords.\nRESULTS: At the level of genomic 
imprinting involving CpG methylation, ART-induced epigenetic de-
fects are convincingly observed in mice, especially for placenta, and 
seem more frequent than in humans. Data generally provide a warn-
ing as to the use of ovulation induction and in vitro culture. In human 
sperm from compromised spermatogenesis, sequence-specific DNA 
hypomethylation is observed repeatedly. Transmittance of sperm and 
oocyte DNA methylation defects is possible but, as deduced from the 
limited data available, largely prevented by selection of gametes for 
ART and/or non-viability of the resulting embryos. Some evidence 
indicates that subfertility itself is a risk factor for imprinting diseases. 
As in mouse, physiological effects from ART are observed in humans. 
In the human, indications for a broader target for changes in CpG 
methylation than imprinted DNA sequences alone have been found. 
In the mouse, a broader range of CpG sequences has not yet been 
studied. Also, a multigeneration study of systematic ART on epigen-
etic parameters is lacking.\nCONCLUSIONS: The field of epigenetic 
inheritance within the lifespan of an individual and between genera-
tions (via mitosis and meiosis, respectively.

 In addition, the management of the folliculogenesis phase remains 
an unsolved issue that limit the possibility to restore reproductive  
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Abstract
 Recent advances using bioengineering methods (e.g. biomate-
rials, 3D-printing, microfluidics tec.) has opened the possibility to 
study female reproductive system and reproductive diseases in a 
totally new way and with unpredictable perspectives. REPROduc-
tive Tissue ENgineering (REPROTEN) effort applied to ovarian tis-
sue has been addressed to date to build up bio-compatible artificial 
matrixes in which embeds immature ovarian follicles to develop an 
implantable ovary-like tissue for restoring the reproductive endocrine 
control and fertility. However, fabricated tissue scaffolds with precise 
shape, size, geometry, porosity, and other physical and biochemical 
properties to meet the native ovarian environment have recently also 
represented a tool to redesign the in vitro Folliculogenesis (IVfol), a 
technique to process the large amount of immature follicle until the 
production of competent oocytes that can be enrolled in the stan-
dardized procedures of in vitro maturation/fertilization before embryo 
transfer. Even if the IVfol reproduced on 3D-PCL patterned electro-
spun-extracellular matrix (ECM) scaffolds were discovered to com-
pletely support ovine preantral follicle growth up to the antral stage 
and the simultaneous acquisition of oocyte meiotic competence thus 
allowing to develop a more standardized and efficient protocol, more 
in-depth analyses are required to investigate whether this bioengi-
neering methods can also recapitulate folliculogenesis and oogene-
sis at the molecular, genetic, and epigenetic levels.
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endocrine control and to enhance the availability of fertilizable fe-
male gametes by taking advantage from the large untapped reserve 
represented by the immature oocytes. In this context, the IVfol is the 
most promising technology [3]  expected to face either human fertility 
in case of premature reduction of female gamete reserve (young onco-
logical patients and premature menopause) or animal reproduction to 
enhance reproductive performance of highly selected domestic mam-
mals or to preserve biodiversity by contrasting the reduced numerical 
strength of mammalian endangered species.

 To overcome these claims, the reproductive research sector pays 
great attention to the emerging cutting edge approaches such as the in-
novative platforms based on the use of 3D-artificial environment [4]. 
The rationale of 3D-technologies consists in engineering female bio-
mimetic reproductive tissues thus generating an integrated multi-or-
gan in vitro systems in which the different cell compartments that 
physiologically control female reproductive homeostasis and function 
may cooperate in generating the complexity of paracrine mechanism 
controlling the reproductive outcomes. In a certain way the new ap-
proach is a backward path to the ARTs’ origin. The 3D-technologies, 
that are nowadays a tools in several branches of investigative biology 
and medicine started to be applied to REPROTEN [5]. In particular, 
REPROTEN are based on the availability of tissue-specific materi-
als, named “scaffolds” that have to be engineered to recapitulate re-
productive environments. Scaffold fulfilling reproductive matrix are 
currently available by taking advantage of emerging fabrication tech-
niques such as: 1.

Laser cut

 Manufacturing technique, in which a continuous wave laser is 
used to process materials with very high precision. Templates for the 
cutting process can be generated by Computer-Aided Design (CAD). 
Thus, the manufacturing process is highly flexible with respect to the 
final design of a generated sheet and the resulting 3D-scaffold.

Three and four dimensional printing

 Valuable tool for fabrication of biomimetic scaffolds that exploits 
the additive manufacturing technique to reach a predefined shape and 
well-controlled spatial chemistry and geometry adding materials lay-
er by layer. It involves the use of 3D-software to establish a model; 
the model is imported into slicing software, and a 3D-printer is used 
to print the model [6,7]. Four-dimensional printing is an advanced 
version to fabricate scaffold that taking advantage from smart materi-
als mimic the dynamic nature of tissues to a very large extent.

Electrospinning

 Pursues a biomimetic approach in the scaffold design [8,9] by gen-
erating nano and microfibers organized mimicking the native ECM 
that can be easily functionalized with active biomolecules (e.g. drugs, 
growth factors, proteins, etc). Recently, the scaffold-based tissue en-
gineering approach started to be applied to the fabrication of repro-
ductive tissues. A relevant novelty in the field [10] is the fabrication of 
3D-printing and electrospun constructs able to support ovarian folli-
cles development [5,11-14] .Among these constructs, the PCL-based 
scaffolds are remarkable [14]. In fact, PCL is a biodegradable poly-
mer that has been successfully used in vivo and in vitro for multifar-
ious regenerative purposes[15-23] and nowadays, PCL-electrospun 
scaffold technology has also been exerted to sustain ovarian follicles 
growth, viability, and preservation of the fibrillary morphology of the 
native follicular unit, as demonstrated by Liverani and colleagues in  

promoting porcine follicle viability, thus supporting the feasibility 
study of its use to set up artificial ovaries for transplantation [12,5]; 
nevertheless, few findings has been provided so far on the ability 
of PCL-electrospun scaffolds in supporting in vitro follicle and oo-
cyte development, besides it is therefore essential to set up efforts 
to explore if this bioengineering procedures may as well faithfully 
reproduce folliculogenesis and oogenesis at cellular, molecular and 
genetic levels. As previously demonstrated [12,5,24] the topology and 
alignment of the PCL-fibers used for this purpose could contribute 
to evaluate the infiltration of ovarian follicles inside the electrospun 
scaffolds, maximizing reproductive performance by creating an ad 
hoc environment that mimics the native tissue thus potentially sup-
porting the synergistic cooperation between the germinal and somatic 
compartments. To corroborate this hypothesis, the electrospun fibers 
oriented in a patterned manner scaffolds has recently addressed to 
support IVfol and proved to be successful in promoting not merely 
the maintenance of the follicular spherical morphology, but also the 
growth and antral cavity development of the ovarian functional unit 
itself and extremely allowing an evolutionary and meiotic develop-
ment of the oocyte enclosed within [25]. Remarkably, the topology 
of the scaffold is essential in support the simultaneously development 
of germinal and somatic compartment (theca and granulosa). Indeed, 
despite using the same polymeric solution, when PCL-Patterned scaf-
folds are compared to those with randomly oriented fibers (PCL-Ran-
domic), the results showed a sudden decrease in follicular quality, 
which is associated with a reduced survival, growth and development 
of the follicles thus compromise the in vitro oogenesis. However, that 
is not all: the outstanding findings obtained in term of follicle/oo-
cyte synchronous development in vitro using PCL-Patterned scaffolds 
is directly proportional to the ability of the PCL-Patterned cultured 
follicles themselves to significantly regulate the expression profile 
of GJA1 gene, which plays a pivotal role in the formation of com-
munication channels between the somatic and germinal compart-
ments during follicular development, as well as the transcriptional 
activation program of the CYP17A1 and CYP19A1 genes, key step 
points in steroid biosynthesis, compared with follicles developed un-
der PCL-Randomic approach [25]. This preliminary results sems to 
confirm also a molecular targeted developed of the in vitro growth 
follicles under PCL-patterned 3D conditions (Figure 1).

Conclusion

 The future advancements in REPROTEN for the first time may 
provide great potential to generate new knowledge and technologies  

Figure 1: Bioengineering supporting IVfol overtime: main results and the 
role of chance - Created by BioRender.com.
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applied to female reproductive system to improve ARTs as well as to 
develop reliable in vitro models to study reproductive genetic vulner-
ability, to investigate the influence of several variable affecting fertili-
ty such as drugs, environmental impact and toxicities, aging, nutrition 
under physiological and pathological conditions.
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