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Endocrine-disrupting chemicals (EDCs) are environmental pollutants that may change the homeostasis of the endocrine system, altering
the differentiation of germ cells with consequences for reproduction. In mammals, germ cell differentiation begins with primordial germ
cells (PGCs) during embryogenesis. Primordial germ cell development and gametogenesis are genetically regulated processes, in which
the posttranscriptional gene regulation could be mediated by small noncoding RNAs (sncRNAs) such as microRNAs (miRNAs). Here, we
review the deleterious effects of exposure during fetal life to EDCs mediated by deregulation of ncRNAs, and specifically miRNAs on
PGC differentiation. Moreover, the environmental stress induced by exposure to some EDCs during the embryonic window of develop-
ment could trigger reproductive dysfunctions transgenerationally transmitted by epigenetic mechanisms with the involvement of
miRNAs expressed in germ line cells. (Fertil Steril� 2016;106:871–9. �2016 by American Society for Reproductive Medicine.)
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ENDOCRINE DISRUPTORS
Every day human and animal popula-
tions are environmentally exposed to
a great and diverse number of external
substances. The exposure to these natu-
ral or synthetic compounds could alter
many physiologic processes during
development and/or adult life. Specif-
ically, exposure to such compounds
may impair the reproductive system,
which negatively impacts fertility. A
particular group of substances are
called endocrine-disrupting chemicals
(EDCs). EDCs are defined as chemicals
that may interfere with the body's
endocrine system inducing adverse
developmental, reproductive, neuro-
logic, and immune effects in both hu-
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mans and wildlife animals (1). To
date, hundreds of compounds are
considered EDCs, and thousands of
others suspected to have similar prop-
erties have been identified. EDCs
include a very broad repertoire of natu-
ral and man-made substances found in
daily products, such as plastic food bot-
tles, food cans, detergents, flame retar-
dants, toys, cosmetics, and pesticides.
Studies in human populations are
limited, but there have been a plethora
of studies performed in cells and animal
models that suggest the potential
adverse effects of EDCs in human
health (2–4). EDCs have broad effects
on the endocrine system, but speci-
fically the exposure of EDCs leads to
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reduced fertility, increased risk of
obesity, diabetes, endometriosis, and
some types of cancer (2, 5, 6).

We are particularly interested in
the effect of EDCs in reproduction.
Reproductive homeostasis depends
on a highly regulated interaction be-
tween organs, timing, stage of devel-
opment, and hormone doses. In this
sense, EDCs could act as either ago-
nists or antagonists of the steroidal
sex hormones, estrogens and andro-
gens, and this action could be at any
age including (and particularly
importantly) embryonic stages (7, 8).
Fetal and adult gonads are targets of
EDC action (5).

Abundant reports showing the ef-
fects of EDCs on the testis and its effects
along different generations have
pointed out the relevance of these com-
pounds and their deleterious action
upon fertility and cancer (2, 9). In
1996, Toppari et al. (10) reported a
significant decline in the quality and
quantity of semen of different human
populations when considering the
previous 5 decades. This work also
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reported a 2% to 4% annual increase in testicular cancer that
was diagnosed in men less than 50 years of age in developed
countries. The impact of EDCs, however, is still unclear due to
the wide range of possible mechanisms for EDC action, levels
of EDC exposure, mixture of chemicals potentially acting as
EDCs, and the genetic sensitivity of individuals or
populations to the compounds. The effects from EDCs on
germ cells may not only affect the exposed individual but
can also be inherited and potentially influence the
phenotype of subsequent generations by epigenetic
mechanisms. In this review we analyze the effects of EDCs
in primordial germ cells (PGCs) through small noncoding
RNAs (sncRNAs), with a focus on miRNAs and the potential
transgenerational epigenetic effects.
PRIMORDIAL GERM CELLS
In mammals, PGCs are the embryonic precursors of the germ
cell lineage, which are restricted to form spermatozoa and oo-
cytes after their specification from pluripotent cell stages (11).
PGCs colonize the embryonic gonads through active migra-
tion where they start their differentiation into a male or fe-
male pathway (12). In the mouse, PGCs first become
identifiable as a cluster of approximately 40 cells at the
base of the incipient allantois at around embryonic day 7.25
(E7.25). PGCs migrate to the developing hindgut endoderm
at E7.75, into the mesentery at E9.5, and colonize the genital
ridges at E10.5 (12). Primordial germ cell specification, migra-
tion, and division are controlled by a series of genes, of which
the most relevant are Blimp1, Prdm14, and Tcfap2c (13).
Blimp1 (B-lymphocyte-induced maturation protein 1) is a
transcriptional repressor that participates in the initial speci-
fication of PGCs repressing their somatic program (14, 15).
Blimp1 interacts with many distinct epigenetic regulators,
including several histone deacetylases (16). Prdm14 is
transiently expressed in the inner cell mass (ICM) and later
only in the germline until E13.5 (17). Prdm14 permits the
reactivation of pluripotency and also controls the
methylation status of histones. The third factor is Tcfap2c
(AP2g), which is expressed in PGCs from E6.75 up to
E12.5–E13.5 (18, 19). Tcfap2c permits the migration and
maintenance of the PGC population. Thus, Blimp1, Prdm14,
and AP2g contribute to PGC specification, both
individually and combinatorially (13).

After specification PGCs migrate, and it is at this partic-
ular time of development that PGC fate is regulated by a va-
riety of growth factors and cytokines including BMPs (bone
morphogenic proteins), Kit ligand (Kitl), and Sdf1 (stromal
cell derived-1) (20). In addition to Blimp1, Prmd14, and
Tcfap2c, the development of PGCs also requires the RNA-
binding factor Lin28, which binds to a specific microRNA
(miRNA) precursor: the let-7 pri-miRNA thus preventing
its processing into mature forms of let-7 miRNAs. In the
absence of Lin28, let-7 miRNAs are overexpressed in PGCs
and bind to the 30UTR (untranslated region) of the Blimp1
mRNA, which blocks its translation and inhibits PGC devel-
opment (21).

A key epigenetic event during PGC proliferation is a ge-
nomewide DNA demethylation that starts around E7.5 and
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reaches the lowest levels of methylation at E13.5 (22–25).
After the repression of DNA methylation, the loss of
5-methylcytocine (5mC) along the genome occurs through
replication-coupled dilution (23, 24) and by a conversion of
5mC to hydroxymethylcytosine (5hmC) by TET enzymes
(26–28). At the same time other important epigenetic
changes occur such as the depletion of H3K9me2,
enrichment of H3K27me3, and X-chromosome reactivation
(11, 29, 30). However, a limited number of genes escape this
process (21), suggesting that changes in those genes could
be transmitted to the next generation. Recently, studies
from the Surani, Clark, and Qiao laboratories have analyzed
the methylation changes in human PGCs. The results from
their studies indicate that some elements in human PGCs,
such as retroelements and loci associated to metabolic and
neurologic disorders, are resistant to DNA demethylation
(26, 31, 32).

Taken together, we posit that to have a healthy popula-
tion of PGCs, the embryo needs not only to maintain a
balance between the correct timing and expression of factors
such as Blimp1, Prdm14, and Tcfap2c, but also to have the
correct loss of epigenetic marks in addition to a balance in
the expression of Lin28 and the microRNA let-7. The
complexity of the processes involved in PGC development
make this period of embryonic-fetal development a critical
window for the disruption of the epigenetic profile by envi-
ronmental substances such as EDCs.
MicroRNAs AND OTHER NONCODING RNAs
Our knowledge of the role of ncRNAs acting as posttranscrip-
tional gene expression regulators is growing in complexity
(33), including in germ cells and the reproductive system
(3). Two classes of RNAs that lack protein-coding potential
have been identified: long (lncRNAs) and small (sncRNAs).
Among lncRNAs (usually over 200 nucleotides) the best
known is Xist (X-inactive specific transcript), which acts in
the silencing of the X chromosome bymodifying the structure
of the chromatin and the factors interacting in chromosome X
of mammalian females during development (26, 34, 35). The
sncRNAs class (approximately 18–35 nucleotides) includes
microRNAs (miRNAs), Piwi-interacting RNAs (piRNAs),
endogenous-small interfering RNAs (endo-siRNAs), as well
as other types of small noncoding RNAs derived from tRNAs,
rRNAs, and small nucleolar RNAs (snoRNAs) (36). However,
the functional and biogenesis boundaries between the
different types of ncRNAs are not fully defined. To date, the
best known players in these regulatory complex mechanisms
are the miRNAs (37).

The miRNAs (approximately 21–23 nucleotides), acting
by RNA interference as posttranscriptional regulators of
gene expression, play important roles in most developmental
and cellular processes of eukaryotic organisms. Negative
regulation of gene expression is performed by miRNAs via
base-pairing with complementary mRNA sequences, usually
at the 30UTR of mRNAs. Interaction of miRNAs with their tar-
gets may inhibit translation and/or induce mRNA degrada-
tion. The high level of conservation of each functional
miRNA across species (38) points out how important miRNAs
VOL. 106 NO. 4 / SEPTEMBER 15, 2016
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are as ancient components of genetic regulation (37). The
interaction of miRNAs with their corresponding mRNA is per-
formed by a small region composed of 6 to 8 nucleotides
called the ‘‘seed region’’ (37). It is well known that many
different miRNAs have one target mRNA and that one miRNA
may potentially have hundreds of mRNA targets.

The miRNAs that share a similar seed region belong to the
same miRNA family. In general, members of a miRNA family
regulate related genes or are involved in the regulation of
similar biological events. For example the families of mouse
and human let-7, mouse miR-290 and human homolog
miR372, and zebrafish mir430, all promote and regulate the
mechanisms of differentiation and self-renewal of embryonic
stem cells and PGCs (11, 12, 39, 40).

Usually, the miRNAmembers of a family are in a genomic
cluster. MicroRNAs have also been associated with multiple
biological processes in health and disease as well as in
response to external stimuli, indicating the importance of
these regulators in cell biology. As mentioned previously,
the fine regulatory balance between LIN28 and let-7 during
PGC development is a clear example of how important micro-
RNAs are in the biology of PGCs.

From a functional point of view, other types of ncRNAs
could coparticipate in the posttranscriptional regulation of
mRNAs. In fact, the alternative functions of some piRNAs,
snoRNAs, or tRNAs (as tRFs-tRNA fragments) emulating or
functioning as miRNAs are a very hot issue at present. Their
potentiality and availability to alternate functions depending
on cell type, developmental stage, or effects of external
stressors—for example, exposure to EDCs—could be novel
and wide mechanisms of gene regulation that should be
considered.

Piwi-interacting RNAs (piRNAs) and endogenous-small
interfering RNA (endo-siRNAs) are types of well-established
small ncRNA with initially defined functions in germ cells.
Relevant examples of these complex interactions and ‘‘poten-
tial promiscuous’’ functions of ncRNAs are the recent studies
involving tRFs. The tRFs (approximately 13–30 nucleotides)
are the products of cleaved tRNA molecules by different
RNAses that have been previously described in different or-
ganisms (41). DICER, a nuclease involved in the biogenesis
of miRNAs, along with RNase Z, may cleave tRNAs to produce
different series of tRFs: tRF-5, tRF-3 derived from 50 and 30

tRNA arms of tRNAs, respectively, and tRF-1 originated
from the 30 arm of premature tRNAs (42). Different studies
have demonstrated the capacity of tRFs to bind Argonaute
(AGO) proteins to act as miRNA-like molecules, producing a
posttranscriptional regulation of mRNA (43, 44). It is
interesting that tRFs were found in association with human
PIWI protein HIWI2, which is related to activity of piRNAs
(45).

The tRFs were initially reported in human serum and
urine from cancer patients (46, 47), associated with products
of tRNAs degradation. However, recent studies using next
generation sequencing approaches reveal a great number of
tRFs in mouse male germ cells (PGCs, spermatogonia, and
spermatozoa), female germ cells (oocytes), and zygotes (48,
49). The tRF sequences were predominantly found in male
germ cells, rather than in female germ cells (48). However,
VOL. 106 NO. 4 / SEPTEMBER 15, 2016
experiments in Drosophila mutants of the gene Rpp30
(involved in the biogenesis of tRFs) resulted in complete
sterility of females (50) and reduced the transcription of
piRNA clusters (51). In addition, the tRFs sequences detected
in male and female germ cells were previously identified as
piRNAs, indicating the duality of association of tRFs to
AGO and PIWI proteins. The tRFs play an important role in
sperm maturation. In particular, tRNA-Gly-GCC was impli-
cated in repressing long terminal repeat (LTR) endogenous
retroelements MERLV (52, 53). Regarding the repression of
transposable elements, piRNAs derived from tRF-Gly and
tRF-Glu were abundant in mouse oocytes and zygotes (49).
ENDOCRINE DISRUPTORS, miRNAs, AND
REPRODUCTION
Environmental factors, including EDCs, maymodify the regu-
lation of expression of both mRNAs and miRNAs (37, 54, 55).
Recent studies reported that two well-known EDCs, 1,1,1-
trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) and bisphenol
A (BPA), alter the expression pattern of multiple miRNAs in
human breast adenocarcinoma cells (MCF-7 cells) including
the estrogen–regulated hsa-miR-21, which is considered an
onco-miRNA in breast cancer (56). Other studies performed
in human placentas have shown that exposure to BPA leads
to an overexpression of hsa-miR-146a, which reduces cell
proliferation and increases the sensitivity to DNA damaging
agents (57–59). In addition to hsa-miR-21 and hsa-miR-
146a, recent work has suggested that BPA exposure may be
affecting other miRNAs that play a role in embryonic stem
cells and PGC differentiation and development. In Avissar-
Whiting et al. (57), three members of the hsa-let-7 miRNA
family increased in expression levels after BPA exposure in
placental cells. Exposure to BPA also led to an up-
regulation of pluripotency markers (Oct4, Sox2, and Nanog)
at the mRNA and/or protein level and a decrease in mmu-
miR-134, an expression inhibitor of pluripotency markers
(60). Phthalates have also been shown to play a role in the
modification of hsa-miR-125a-5p expression in human pla-
centas (61) and breast cancer (62).

The effect of endocrine disruptors in PGCs has been
analyzed in mice and other species. Reports in rodent PGCs
showed that exposure to 17b-estradiol stimulates the phos-
phorylation of SRC and ERK2 kinases as well as interacts
with AKT kinase and KIT receptor, promoting the survival
and proliferation of PGCs (63). Other in vitro studies have
shown a differential response of PGCs, for example, to
mono-(2-ethylhexyl) phthalate (MEHP) [the direct metabolite
of the di-(2-ethylhexyl) phthalate or DEHP], a widespread
plasticizer, ubiquitously found as an environmental pollutant
that affects PGC adhesion to cell monolayers (64). In this
study, Iona et al. (64) also demonstrated the growth inhibition
and apoptosis induction of PGCs in cultures treated with
N-ethyl-N-nitrosourea (ENU) (toxicant and mutagen) and
adramycin (used in cancer therapy).

Besides the direct effects on exposed PGCs, an important
and hot topic is how the disruption of the PGCs epigenome
could lead to multigenerational and transgenerational effects.
In this sense, the controversy is based on the publication of a
873



FIGURE 1

Mechanisms of exposure to endocrine disruptors along different generations.
Brie~no-Enríquez. Endocrine disruptors, miRNAs, and PGCs. Fertil Steril 2016.
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series of works showing that the exposure to EDCs, such as
vinclozolin (a fungicide with antiandrogenic activity) and
chlorpyrifos-methyl, induces changes in the methylation sta-
tus of PGCs (65, 66). In the case of vinclozolin, different
studies have shown that the changes in DNA methylation
are persistent along different generations of PGCs and
gametes (66–69). However, recent publications have
reported that PGCs are capable of restoring the damage/
changes in DNA methylation induced by EDCs (70, 71).

Nevertheless, in addition to the controversial effects on
DNA methylation status induced by EDCs, other mechanisms
could be behind the multigenerational and/or transgenera-
tional effect of EDCs on PGCs. Recently, we published a study
on the effect of vinclozolin on the expression of miRNAs in
13.5 dpc PGCs. Our results indicate that vinclozolin induces
a reduction in the number of embryonic PGCs and increases
the rate of apoptotic cells along with a decrease in fertility
rate in adult males. These effects were detected in the F1 to
F3 generations after vinclozolin exposure in only the F1 gen-
eration during fetal life. Thus, the vinclozolin deregulated
specific microRNAs in the PGCs, such as mmu-miR-23b and
mmu-miR-21, and induced a disequilibrium in the Lin28/
let-7/Blimp1 pathway in three successive generations
of males (72). Most importantly, our study is the first to
show that one endocrine disruptor is capable of inducing a
874
multi- and transgenerational deregulation of miRNAs and
the corresponding mRNAs targets of those miRNAs, with
defined phenotypic consequences.
MULTIGENERATIONAL VS.
TRANSGENERATIONAL EFFECTS OF EDCs
As environmental stressors, EDCs may induce multigenera-
tional or transgenerational effects. The difference between
these effects is based on whether the affected generations
were in direct exposure to EDCs or not (Fig. 1). In this sense,
an adult male or female exposed to an EDC corresponds
to the F0 generation, and the pups obtained from an F0
mating will be considered the F1 generation. Because these
pups are produced from the gametes that were exposed to
EDCs, the effects of the EDCs on them are considered multi-
generational (73, 74). Any alterations derived from the
original exposure of F0 on pups from the F1 generation
(F2), which were never exposed to the EDCs, are considered
transgenerational. However, in the case of exposure during
gestation, direct exposure is on F0, F1 (the developing
embryo), and in F2. Multigenerational includes F2 because
the PGCs and future gametes were exposed in utero. In
this sense, the first generation without exposure is F3
(73). To consider the effects on the F3 generation as
VOL. 106 NO. 4 / SEPTEMBER 15, 2016
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transgenerational, the pups will have to develop similar
characteristics to those observed in the previous generations
(see Fig. 1). But how are the effects of EDCs transmitted
from generation to generation without exposure? As we
mentioned before, cells undergo a reset of epigenetic marks
during PGCs development, with some genes and elements
escaping this process. The epigenetic reset provides the
perfect frame to induce changes that could be transmitted
to next generations, making these early stages of
development a critical window for the effects of EDCs.
EPIGENETIC MECHANISMS
Eleven years ago, the group of Michael Skinner reported that
the exposure to vinclozolin induces changes in methylation
and fertility of exposed rats, and they showed that this effect
was transmitted to the subsequent generations without expo-
sure (67) in an epigenetic mode. Epigenetics involve changes
in the expression or regulation of genes without any modifi-
cations to the DNA sequence, indicating a change in the
phenotype without any change in genotype. Due to its own
FIGURE 2

(A-C) Epigenetic mechanisms implied in the transgenerational effects of en
Brie~no-Enríquez. Endocrine disruptors, miRNAs, and PGCs. Fertil Steril 2016.
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nature, epigenetic modifications can be considered as amech-
anistic response to environmental changes from the living
conditions of an organism. Epigenetic modifications could
be mediated by three major mechanisms: [1] DNA methyl-
ation, [2] histone modifications, and [3] epigenetic gene regu-
lation by ncRNAs, including microRNAs (Fig. 2).

The most common and most studied mechanism is DNA
methylation. The covalent binding of a methyl group to cyto-
sine residues on DNA constitutes the DNA methylation that is
performed by a series of enzymes called methyltransferases,
mostly in areas of DNA that are rich in CpG dinucleotides.
These areas, called CpG islands, are in close proximity to
gene promoter regions. Levels of methylation in CpG islands
are associated with transcription initiation. Studies have
shown that EDCs are able to change the methylation status
of DNA (75–78). A classic example of this effect is
diethylstilbestrol (DES). DES was used to prevent
miscarriages during the 1940s and 1950s, but the use of
DES was banned when later studies showed that the
daughters of women treated with it showed higher risk of
developing vaginal adenocarcinoma in their young
docrine-disrupting chemicals.
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daughters (79). Recently studies in mouse models also have
shown that DES alters the expression of DNA
methyltransferases (80). As previously mentioned, the first
report of a transgenerational effect mediated by EDCs was
related to changes in the methylation status of sperm (67),
but new reports using different models of technology
indicate that there are other possible mechanisms implied in
this effect (72). However, the capacity of germ cells to
restore the alterations induced by EDCs should also be
considered (70).

Posttranslational modification of histones is another
mechanism involved in epigenetic changes. In mammals,
chromatin is integrated by nucleosomes, which consist of
DNA wrapped twice around a histone octamer, each contain-
ing two copies of four highly conserved histones: H2A,
H2B, H3, and H4, which are all susceptible to posttransla-
tional modifications (PTMs). These modifications include
methylation, acetylation, phosphorylation, ubiquitination,
biotinylation, sumoylation, and ADP-ribosylation of his-
tones. PTMs change the structure of the chromatin and conse-
quently, like in DNA methylation, regulate the transcription
of specific areas. The role of EDCs on histone modifications
is not clear, yet some reports indicated that exposure to
some organic compounds enhances the activity of histone
acetlytransferases (81). However, it has yet to be proven
how these PTMs could be transmitted from one generation
to the next.

The last mechanism is the mediation by noncoding RNA,
which in addition to miRNAs other ncRNAs, as described
earlier, could play very relevant roles. A classic model of
transgenerational epigenetic inheritance was reported in Cae-
norhabditis elegans. In this organism, mechanisms of transge-
nerational epigenetic inheritance along 24 subsequent
generations have been clearly demonstrated (82). In this
work, the investigators showed how piRNAs could trigger
multigenerational epigenetic memory. Other studies have
also shown the role of piRNAs in processes that regulate
memory and synaptic plasticity (83). Another emerging group
of noncoding RNAs regulating the epigenetic profile of the
cell are the lncRNAs. A key example is HOTAIR (HOX anti-
sense intergenic RNA), which is highly expressed in testes,
is repressed by androgens, inhibits androgen receptor (AR)
degradation, increases AR chromatin targeting (84), and is de-
regulated in prostate cancer (85). It is interesting that expo-
sure to estradiol and endocrine disruptors such as BPA and
DES induces epigenetic alterations in HOTAIR promoters in
breast cancer cells (86, 87).

Most of the reports showing transgenerational epigenetic
transmission induced by EDCs detected an abnormal methyl-
ation status on the male lineage (67, 68, 88), However,
alternative mechanisms, including ncRNAs, are being
proposed as the cause of some transgenerational effects of
EDCs. As previously mentioned, we showed some roles of
defined miRNAs in the phenotype of PGCs exposed to
vinclozolin (an EDC with antiandrogenic activity) along
three subsequent generations without changes in the global
maps of DNA methylation (72).

In addition to miRNAs, other types of small ncRNA could
also participate in the mechanisms causing transgenerational
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alteration in germ cells induced by exposure to EDCs (36).
Knowledge of these types of functional ncRNAs is continu-
ously progressing with new studies as mentioned before and
consequently, their participation in epigenetic heritage
should also be considered (see Fig. 2).

Even other external stressors, including metabolic condi-
tions, may modify the regulatory patters of ncRNAs. For
example, studies have shown that a high-fat diet in mice al-
ters tRFs levels in spermatozoa and produces a transgenera-
tional effect, deregulating gene expression from embryo to
adulthood (89). Ancestral vinclozolin exposure alters the
epigenetic transgenerational inheritance of sperm small non-
coding RNAs (90). Recently, it has been reported that rats
exposed to vinclozolin only in F1 resulted in a deregulation
of tRF expression in spermatozoa of the F3 nonexposed gen-
eration. In addition to the deregulation of tRFs, spermatozoa
of F3 also presented an alteration in the expression levels of
miRNAs and piRNAs (90). These data provide evidence for
tRNA fragments as players in epigenetic transmission of in-
formation (91).

The association of tRFS with other sncRNA molecules,
such as piRNAs, their capacity to bind to different AGO pro-
teins, and their presence in germ cells reveals the multilayer
pathway roles of ncRNAs in transgenerational epigenetic in-
heritance effects.
CONCLUDING REMARKS AND FUTURE
DIRECTIONS
The analysis of the effects of EDCs in reproduction has been
driven in many different ways. In addition to the physiologic
and epidemiologic consequences of exposure, almost all
studies were performed in gametes, tissues, and organs.
However, the analysis of the effects of EDCs in PGCs develop-
ment has been poorly studied, not so much for the lack of
importance of this cornerstone process in reproduction but
perhaps because of the difficulties to purify and collect for
analysis a sufficient amount of these embryonic cells. Because
PGCs are the precursors of gametes, any alteration on their
specification, migration, and differentiation could have
important deleterious effects in reproductive health, not
only in individuals but also in the successive generations
through epigenetic mechanisms.

Although the ability of synthetic chemicals to interact
with hormones was established in the 1930s, the effects of
disruption of homeostasis by EDCs have only been studied
since the 1990s, and work on the potential transgenerational
effects of EDCs was only initiated about one decade ago.
However, the mechanisms and consequences of this chemical
stress are not definitively established yet. The initial studies
showed changes in the DNA methylation status of spermato-
zoa, but recently new players in the epigenetic context have
emerged. It has been reported that PGCs under certain situa-
tions are able to repair some damage induced by EDCs (70),
but we also know that EDCs induce the deregulation of
miRNAs in the PGCs along different generations without rele-
vant DNA methylation changes (72).

The World Health Organization has indicated clear
concern about the global health risk, mainly during
VOL. 106 NO. 4 / SEPTEMBER 15, 2016
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developmental exposure (http://www.who.int/ceh/risks/ce
hemerging2/en/). However, the lack of knowledge and the
controversial effects along with the influence of some eco-
nomic lobbies have led to the current lack of regulation. In
this sense, only very recently has the European Commission
(EU) initiated the establishment of scientific criteria for
their determination of EDCs in the context of the EU legisla-
tion (http://ec.europa.eu/health/endocrine_disruptors/docs/
com_2016_350_en.pdf). Also, the International Federation
of Gynecology and Obstetrics (FIGO), echoing the concerns
of the American College of Obstetricians and Gynecologists
(ACOG) and American Society for Reproductive Medicine
(ASRM), published an opinion on the reproductive health ef-
fects of EDCs in October 2015 (92). The FIGO opinions call for
timely action to identify and reduce exposure to toxic envi-
ronmental agents while addressing the consequences of
such exposure.

New approaches using next generation sequencing
of regulatory molecules such as miRNAs and other sncRNAs
in the early development of germ cells with a focus on
embryonic gonads, specifically PGCs and somatic interacting
cells of the gonad itself, will provide updated information on
germ cell development. Combined studies of different epige-
netic and genetic analyses in both male and female mouse
experimental models in successive generations after exposure
to different EDCs should facilitate the knowledge of mecha-
nistic effects of exposure and the major potential multigener-
ational or transgenerational risks of concern in reproduction.
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