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Jennifer Enrich-Bengoa and Alex Peralvarez-Marin. La primera de las revisiones, a cargo de Jennifer

Enrich-Bengoa y Alex Perdlvarez-Marin, del
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PE R S PE CTIVE S 0 La segunda de las revisiones, redactada por Paola

Paola Pinto-Herndndez, Cristina Tomds-Zapico and Eduardo ~ Pinto-Hernandez, Cristina Tomés-Zapico y Eduardo
IQlesias-Gutiérrez. Iglesias-Gutiérrez, del Departamento de Biologia
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Esperamos que estos articulos resulten de vuestro
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© CARTA DE LA PRESIDENTA

ueridos amigos y queridos comparieros de la Sociedad Espafiola de Ciencias Fisioldgicas.

Mi primera carta como Presidenta Ejecutiva solo puede comenzar con el deseo de que tanto vosotros como

vuestras familias y amigos os encontréis bien. Agradezco que confiarais en mi para desarrollar esta labor,

es un gran reto y, a la vez, un gran orgullo, y me gustaria contar con vuestra colaboracion tanto en los
proyectos que ya tenemos en marcha como en los nuevos que se iniciaran. En estos meses hemos aplicado el principio
de la homeostasia que gobierna la fisiologia a nuestras vidas: hemos aprendido que podemos cambiar nuestra forma
de vivir y trabajar para adaptarnos al nuevo medio que nos rodea. Son muchos los proyectos e ilusiones que han
quedado en el camino, pero debemos seguir luchando y recuperar las fuerzas, el entusiasmo y la motivacion para no
dejarlos abandonados, y asi lo hemos hecho en la Asamblea General celebrada el pasado 26 de octubre, en modalidad
virtual. En dicha Asamblea se decidié que el 40 Congreso de la SECF mantenga su celebracién en Badajoz en el afio
2022, algo que merecia el Comité Organizador por el gran trabajo realizado desde su eleccion como sede en el
Congreso de Cadiz en 2018. Se informd de la aceptacion por unanimidad de los miembros de la FEPS de la
candidatura de Granada para celebrar su proximo congreso en septiembre de 2021, en modalidad presencial, siempre
que la situacion lo permita. Los profesores Dr. D. Vicente Notario y Dra. Diia. Ana Ilundain, dos grandes fisiélogos y
premios “Juan Negrin” y “Antonio Gallego” respectivamente, nos dedicaron unas emotivas palabras como anticipo a
la entrega presencial que se realizara en la sesion que la SECF celebrara en el proximo Congreso de la FEPS. También
nos dedicaron unas palabras de agradecimiento las premiadas por la Sociedad a la “Mejor Tesis Doctoral” (Diia.
Eliana Barriocanal Casado) y “Premio SECF de Divulgacion Cientifica” (Dfia. Belén Gago Calderdn).

En estos momentos en los que la comunicacién ha cambiado a un entorno on-line se hace mas importante que
nunca el empleo y uso de nuestra pagina web (https://www.secf.es) en la que encontrareis toda la informaciéon
actualizada sobre las actividades y marcha de la sociedad. Os animo a tomar parte activa en esta comunicacion
haciéndonos llegar videos resumen de vuestra actividad investigadora y docente; a que participéis en nuestra revista
cientifica, a cuyo Comité Editorial agradezco el enorme esfuerzo que realiza; y a que nos enviéis vuestras sugerencias
de mejora e innovacion; os animo ademds a seguir a la SECF en redes sociales (Facebook, Twitter e Instagram); en
definitiva, os animo a que os impliquéis con nosotros ya que os necesitamos para poder avanzar como Sociedad.

Agradezco a la anterior Junta Directiva la gran labor realizada y su desinteresado trabajo, especialmente a los que,
tras seis anos de intensa actividad, acaban su periodo en ella. Todos los miembros de la actual Junta os deseamos que,
a pesar de la pandemia que vivimos, podais disfrutar de unas muy felices fiestas llenas de salud y amor que, aunque
sea en la distancia, siempre se puede transmitir. Que el proximo 2021 nos traiga el retorno a la ansiada normalidad
que todos deseamos, pues hoy por hoy es nuestra felicidad. Muchas gracias a todos por formar parte de esta Sociedad.

Un abrazo
Meritxell Lépez Gallardo

Presidenta Ejecutiva de la SECF
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© INSTRUCCIONES A LOS AUTORES

A. Remision de originales

La remision de originales se hara exclusivamente por correo electrénico a la direccion del editor o de cualquiera de los
miembros del comité editorial. Se puede utilizar cualquier procesador de texto, programa y formato grafico, aunque es preferible
remitir el manuscrito en formatos usuales. En todo caso deben indicarse en la carta de remision los formatos empleados para
texto, tablas, graficos y fotografias. La utilizacion de formatos poco usuales retrasara la publicacion. En caso de emplear algin
sistema de compresion para fotografias o graficos, debe comprobarse que la descompresion no deteriora la calidad de las
imagenes. La carta de remision debe incluirse en el cuerpo del mensaje electronico y el original y las figuras en forma de archivos
anexos. El texto del articulo debe adjuntarse como un Unico archivo, incluyendo la pagina con el titulo, el texto principal,
bibliografia, etc. Cada tabla o figura debe remitirse en un anexo independiente, nombrando cada anexo con el nombre del primer
autor y el numero de tabla o figura que contenga (ejemplo: Cunqueiro-Fig.1).

Direcciones comité editorial:

Juan Antonio Rosado (jarosado@unex.es), Diego Alvarez (Universidad de La Laguna, dalrosa@ull.es), Teresa Giraldez
(Universidad de La Laguna, tgiraldez@mac.com), Celestino Gonzalez (Universidad de Oviedo, tinog@uniovi.es), Ana llundain
(Universidad de Sevilla, ilundain@us.es), Juan Martinez-Pinna (Universidad de Alicante, juan.martinez-pinna@ua.es) y Carlos
Villalobos (CSIC, carlosv@ibgm.uva.es).

B. Composicion de los originales
1. Primera pagina.

*Titulo

*Autores

*Filiacion de los autores

*Autor y direccidon para correspondencia si procede (incluir numeros de teléfono y fax, y una direccion de correo
electronico).

2. Segunda pagina.
Sumario, si procede, en una extension un superior a 200 palabras, en el mismo idioma que el resto del articulo.
3. Cuerpo del texto.

Los articulos no deberan sobrepasar las 2.500 palabras e iran en folios numerados. Deberan estar escritos en un estilo
claro y con pretensiéon divulgativa, de forma que puedan ser entendidos por cualquier fisidlogo,
independientemente de su area de especializacion. El procedimiento mas simple es tomar como ejemplo cualquier
articulo publicado previamente en Fisiologia. En caso de no disponer de ningun ejemplar, puede solicitarse a cualquiera
de los miembros del comité editorial o a la Secretaria (nadal@umh.es) para ser incluido en la lista de distribucion.
Alternativamente, pueden consultarse los articulos de los nimeros anteriores en http://www.seccff.org

Los articulos podran contener resultados ya publicados, siendo entonces responsabilidad exclusiva de los autores
obtener los permisos correspondientes de las revistas o libros donde hayan sido publicados originalmente. Debido a la
pretension divulgativa, cada autor podra organizar el texto en la forma que crea mas oportuna, si bien se sugiere una
divisién en secciones que facilite su lectura.

4. Ofros.
a.Notas (si las hubiere) y agradecimientos.
b.Bibliografia. Las referencias, muy seleccionadas, se insertaran en el cuerpo del texto entre paréntesis (ejemplo: Chacon
y Mairena, 1999). La relacion completa de referencias bibliograficas debera incluirse al final del texto, por orden
alfabético y cronoldgico, de acuerdo a los formatos mas habituales. Ejemplo: Gomez J, Belmonte J (1910) Deciphering
bullfighting. J Taurom 57: 200-235.
c.Pies de figuras. Deberan incluirse a continuacion de la bibliografia y en paginas aparte.
d. Figuras. Su numero no debera ser superior a 2-3 por articulo, y el tamafio maximo aceptado sera el de una hoja impresa
(DIN-A4). En el caso de figuras previamente publicadas, si fuere necesario, debera acompafarse autorizacion para su
reproduccion en Fisiologia.
e.Tablas.




TRPV2: AN ELUSIVE PLAYER IN CENTRAL
NERVOUS SYSTEM PATHOPHYSIOLOGY.
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Transient Receptor Potential (TRP) channels are important pharmacological targets in pathophysiology. Among
TRP channels, TRPV2, the closest homologue of TRPV1, is ubiquitously expressed in human tissues. TRPV2 plays
distinct roles in cardiac, neuromuscular function, immunity, and metabolism, being associated to pathologies
such as muscular dystrophy, cancer and cardiomyopathies. In this revision regarding TRPV2, we aim to overview
this cation channel in the context of human physiology, to put the future focus on the role of TRPV2 in central

nervous system pathophysiology.

TRP superfamily

Transient receptor potential (TRP) channels are a
group of non-selective cation channels that act as
polymodal cellular sensors, being capable to act in
response to a wide spectrum of chemical and physical
stimuli (Zheng, 2013). These channels were firstly
described in a mutant strain of Drosophila melanogaster
(Cosens and Manning, 1969). Mammalian TRP
superfamily is divided into six subfamilies based on
founding members; trpa (ankyrin), TRPC (canonical),
TRPM  (melastatin), TRPV (vanilloid), TRPML
(mucolipin) and TRPP (polycystic). In humans there are
27 TRP channels (Figure 1A), which are dassified
regarding to their sequence homology and not by their
functional role (Clapham et al., 2003; Peralvarez-Marin et
al, 2013). TRP superfamily diversity came from the
common ancestor of teleost fishes and terrestrial
vertebrates that through repeated gene duplications and
followed by sequence divergence constitute the current
TRP repertoire (Saito et al., 2011).

At the structural level all members of TRP
superfamily consist of two cytosolic domains N- and C-
terminal and a six-segment (S1-S6) transmembrane
domain (TMD), with a pore-forming loop between S5
and Sé6. (Figure 1B). The diversity of N-and C-ter domains
and corresponding structural and functional properties
defines the diversity of TRP subfamilies. The basic
subunit is defined by the S1-56 transmembrane domain,
where the S5-56 segments define the pore where cations
(mostly mono- and divalent) flow upon the sensing of
diverse stimuli in what is called somatosensation (Figure
10).

TRPV subfamily

The first reported member of the TRPV subfamily
was OSM-9 (osmotic avoidance abnormal family
member 9) from Caenorhabditis elegans (Colbert et al,,
1997). OSM-9 is involved in  olfactation,
mechanosensation and olfactory adaptation (Peralvarez-
Marin et al,, 2013). In C. elegans there is a total of 5 TRPVs
channels; OSM-9 and other four osm-9/capsaicin
receptor related genes (OCR-1-4) (Xiao and Xu, 2011). In
mammals, there are six members (TRPV1-6) in the TRPV
subfamily that are widely distributed in practically all
body tissues and cell types. The six members of this
family are divided into two groups attending to their
sequence homology and cation selectivity; TRPV1-4 and
TRPV5-6 groups, with a global sequence identity of 20%
and 75%, respectively, being TRPV1-4 non-selective and
TRPV5-6 selective for Ca*, respectively. TRPV1 and
TRPV2 show sequence identity of 50% (Gunthorpe et al,,
2002). TRPV1-4 group is mainly formed by non-selective
low permeable calcium channels and can be activated by
a wide spectrum of physical and chemical stimuli, being
considered thermosensitive as are activated by heat. This
group has been described for being involved in a wide
spectrum of functions such as nociception, thermoception
and osmolality. The other group formed by TRPV5-6 are
calcium-selective channels important for general Ca*
homeostasis and are not activated by heat (Montell, 2005).

TRPV2 physiology and pathophysiology

TRPV2 is the most unknown member of the
mammalian TRPV subfamily and was firstly named as
VRL-1 based on the homology to the most characterized
member of this subfamily, TRPV1 (Peralvarez-Marin et
al, 2013). As previously said, TRPV14 channels are



temperature dependent and each one have a different
threshold of temperature activation and all of them are
activated by different stimuli (Tominaga, 2007). In the
case of TRPV2 is activated by noxious heat (>52 °C) and
can also be modulated by some chemical compounds
(Caterina et al, 1999; Peralvarez-Marin et al, 2013).
TRPV2 activation is temperature dependent but the role
of TRPV2 in temperature sensing remains controversial.
Recently, it has been shown that TRPV2 is endogenously
activated by oxidative stress. Oxidation of specific
methionines in TRPV2 drive cation influx, becoming the
first report of endogenous activation of this elusive
channel (Fricke et al., 2019).

Studies in a TRPV2 knockout mice show similar
thermal responses to wild-type mice (Park et al,, 2011). It
is known that TRPV2 is activated at noxious temperatures
but the knowledge in pharmacology is still limited, and
some of these compounds are not specific for TRPV2 and
are also specie-dependent. It has been demonstrated that
cannabis sativa derivatives are potent agonists of TRPV?2,

although they are not specific for TRPV2 leading to the
difficulties to assess the effect of these compounds to
TRPV2 physiology (Perdlvarez-Marin et al, 2013; De
Petrocellis et al., 2011; Qin et al., 2008). Among cannabis
sativa derivatives, (—)trans-delta-9-tetrahydrocannabinol,
cannabidiol and delta-9-tetrahydrocannabivarin are the
stronger activators of TRPV2. Cannabinoic acids are the
least activators of TRPV2 (De Petrocellis et al., 2011; Vriens
et al,, 2009). Other compound that has shown effects on
TRPV2 modulation is 2-Aminoethoxydiphenyl borate (2-
APB). This compound was the first TRPV2 agonist
identified, however is not specific for TRPV2 and the
sensitivity is variable among species, being human
TRPV2 insensitive (Hu et al, 2004; Juvin et al, 2007;
Neeper et al, 2007). A related compound,
diphenylboronic anhydride (DPBA) is able to activate
mouse TRPV2 but not human (Chung et al., 2005; Juvin et
al., 2007). Some TRPV2 blockers have been identified
although they are not specific for TRPV2; SKF96365,
diuretic amiloride, Ruthenium Red, trivalent cations and
citral (Juvin et al, 2007, Peralvarez-Marin et al,, 2013;
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Figure 1. TRP superfamily repertoire. (A) Human TRP subfamilies phylogeny. (B) TRP structural features,
showing the six-transmembrane segments, and the cytosolic N- and C- termini. In dark blue, the segments 55-5S6,
clustered in the center of the channel and forming the ion pore. In orange the transmembrane segments 51-54,
surrounding the ion channel gate. (C) Physiological overview of the TRP-related cation transport process in the
somatosensation physiological process.



Vriens et al,, 2009). More specific TRPV2 modulators are
probenecid and tranilast, as activator and inhibitor,
respectively. These compounds are not TRPV2 specific
but both of them show higher affinity for TRPV2
(Peralvarez-Marin et al., 2013).

TRPV2 is ubiquitously expressed through the
body (Donate-Macian et al, 2019a), thus TRPV2
impairment could lead to different pathologies, although
knock-out mice present a mild phenotype(Park et al,
2011). In recent years, TRPV2 is gaining much attention in
skeletal and cardiac muscle (Aguettaz et al., 2017; Jones et
al.,, 2017; Lorin et al., 2015; Robbins et al., 2013; Sabourin et
al., 2009; Watanabe et al., 2009). It has been observed that
TRPV2 is necessary for a correct maintenance of structure
and cardiac function (Katanosaka et al., 2014; Rubinstein
et al, 2014). In some muscular pathologies such as
Duchenne muscular dystrophy (DMD), it has been
observed the contribution of TRPV2 in a defective Ca?**
influx in dystrophic myocites contributing to this
pathophysiological phenotype (Lorin et al., 2015). TPRV2
is also being studied as a possible therapy target for
cardiomyopathies in DMD patients  (Iwata and
Matsumura, 2019). TRPV2 has also been localized in
smooth muscle and endothelial cells of arteries in both;
rabbit (Park et al.,, 2003) and human (Fantozzi et al., 2003),
and in smooth muscle cells of veins in rats (Peng et al,,
2010). These evidences suggest the possible role of TRPV2
in the circulatory system. TRPV2 is also expressed in
pancreatic (3-cells and studies performed by Kojima Lab
(Hisanaga et al., 2009) suggest the TRPV2 involvement in

insulin action. TRPV2 expression is also relevant in the
immune system (Caterina et al., 1999; Link et al,, 2010;
Santoni et al., 2013). This channel is found in immune
organs such as spleen, and also in different types of cells
regulating the immune system (Kojima and Nagasawa,
2014; Peralvarez-Marin et al., 2013; Santoni et al.,, 2013).
The role of TRPV2 in cancer has also been a focus of study
during the last years. TRPV2 up and down-regulation
have been associated with oncogenic and tumor
suppressor roles during carcinogenesis (Liberati et al,
2014). TRPV2 overexpression has been found in several
cancer types and cell lines (Caprodossi et al, 2008;
Donate-Macian et al., 2018a; Santoni et al., 2020). Recent
studies suggest that increasing TRPV2 expression by
cannabidiol induces the apoptosis of human glioma cell
lines by increasing the chemosensitivity of human
Glioblastoma multiforme (GBM) cells to the cytotoxic
effects of the chemotherapeutic agents. This observations
lead to the conclusion that TRPV2 functions as a negative
regulator of glioma cell survival and proliferation
(Nabissi et al., 2010, 2013), but more importantly , settles
the question about the physiological role of TRPV2 in the
nervous system. Itis already known that TRPV2 is widely
expressed in both central and peripheral nervous system
(CNS and PNS, respectively) in charge of fine-tuning of
cation-mediated ~ signaling. = TRP  channels as
somatosensory receptors have been widely studied in
peripheral nervous system (PNS), especially in dorsal
root and trigeminal ganglia (Ahluwalia et al, 2002
Caterina et al., 1999; Ichikawa and Sugimoto, 2000).
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Figure 2. (A)TRPV2 crosstalk in CNS. TRPV2 is expressed in microglia, astrocytes, and neurons in CNS,
becoming an environmental sensor for several physicochemical stimuli in the brain. (B) TRPV2 agonists and
antagonists with potential impact in CNS physiology and pharmacology. TRPV2 structure derived form PDB code
6U88. Abbreviations for TRPV2 agonists: 2-Aminoethyl diphenylborinate (2-APB); Lysophosphatidylcholine (LPC).
Abbreviations for TRPV2 antagonists for TRPV2: 4,4'-[3-[2-[1-Ethyl-4(1H)-quinolinylidene]ethylidene]-1-propene-
1,3-diyl]bis(1-ethylquinolinium)  diiodide = (Lumin  (NK-4));  N-(Furan-2-ylmethyl)-3-((4-(N7-methyl-N'-
propylamino)-6-(trifluoromethyl)-pyrimidin-2-yl)thio)-propanamide (SET2); arachidonoyl ethanolamide (AEA);
linoleoyl ethanolamide (LEA).



TRPV2 in the central nervous system

TRPV2 in central nervous system (CNS) is
expressed in several cell types (Figure 2A) becoming an
interesting regulatory target. TRPV2 is specifically found
in medium-to-large neurons that have myelinated fibers
(Caterina et al,, 1999) and also needed for the axon and
neurite outgrowth of motor and sensory neurons (Cohen
etal, 2015; Shibasaki et al., 2010). TRPV2 is also expressed
in other glial cells such as astroglia (Shibasaki et al., 2013)
and microglia (Maksoud et al, 2019). In microglia,
TRPV2 and phagocytosis are upregulated by oxidative
stress and nitric oxide. This channel has also been
detected in important brain regions, such as the cerebral
cortex (Liapi and Wood, 2005) and the forebrain and
hindbrain regions in rats (Nedungadi et al, 2012), the
hypothalamo-neurohypophysial system in macaques
(Wainwright et al,, 2004) and the mature forebrain in mice
(Cahoy et al, 2008). TRPV2 is the highest expressing
TRPV in the neurons of mouse forebrain regions (Cahoy
et al, 2008). TRPV2 localization correlates with brain
structures  related to  osmoregulation  and
somatosensation, suggesting the role of this channel in
osmosensory mechanisms and maintenance of osmotic
balance (Peralvarez-Marin et al., 2013).

It is already known that TRPV2 plays a role in the
CNS physiology (Cohen et al., 2015; Shibasaki et al., 2010)
and also recent published results in our laboratory
(Donate-Macian et al.,, 2018a) revealed that TRPV2 is
interacting with key myelin proteins and with other
proteins involved in neoplasms and diseases of the
nervous system (Santoni and Amantini, 2019). These
results from our laboratory (Donate-Macian et al., 2018a)
add new perspectives in the role of TRPV2 in CNS
development an in (re)myelination. Results obtained
from our lab (Dofate-Macian et al., 2018a) show TRPV2
and TRPV4 interactors involved in trafficking. These
results points out, with other published papers (Dofate-
Macian et al, 2015, Donate-Macian and Peralvarez-
Marin, 2014; Donate-Macidn et al., 2018b, 2019a, 2019b)
from our laboratory, about the proteins involved in the
regulated and constitutive trafficking of these two
mechanosensory cation channels.

In our laboratory it has been performed an in silico
and proteomics approach to discover the TRPV2
interactors by using GBM patient cohort, to better
understand the role of this channel based on protein-
protein interactions. Some of the found interactors are key
myelin proteins in the CNS, such as proteolipid protein 1
(PLP1), Opalin, and neurotrimin (NTM) (Donate-Macian
et al,, 2018a). Other proteins involved in CNS diseases
and neoplasm have also been identified in this article as
important TRPV2 interactors such as ABR, FGFI,
KCNJ10, PEBP1, PLP1, and SDC3 proteins.

Recent studies by Hainz et al. (Hainz et al., 2016,

2017a, 2017b) showed how probenecid, one of the most
specific TRPV2 agonists, is capable to prevent and arrest
the progression of clinical symptoms in an experimental
autoimmune encephalomyelitis (EAE) in mice (Hainz et
al, 2016, 2017a), and reduce demyelination in the
curprizone model of demyelination/remyelination
(Hainz et al., 2017b). Hainz et al. focus on the inhibitory
effects of probenecid in the ATP ion channel pannexin-1
(Panx1) that is responsible of oligodendrocytes death.
However, our working hypothesis is that probenecid in
EAE may exert a dual pathway by inhibiting Panx1 and
activating TRPV2, simultaneously. Effects on Panx1 and
TRPV2 seems another important point of interest to study
and also suggest the importance of TRPV2 in
myelination. A mice EAE study using tranilast (a specific
blocker for TRPV2) ameliorates mice paralysis improving
MS outcome in this experimental model (Platten et al,,
2005). At the pharmacological level, TRPV2 has remained
elusive, but new and specific TRPV2 agonists and
antagonists are being identified (Figure 2B), with
promising potential for the study of TRPV2
pathophysiology. With all these evidences, we have been
attracted to the idea to develop a research line regarding
the TRPV2-mediated cellular crosstalk of CNS cell types
(Figure 2A) in myelination during CNS development and
in pathological conditions, such as multiple sclerosis,
Pelizaeus-Merzbacher disease, and other
leukodystrophies.
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Gestational diabetes mellitus (GDM) is defined as the
presence of high blood glucose levels with onset or
first recognition during second or third trimester of
gestation. It may affect one out of five pregnancies,
leading to perinatal morbidity, adverse neonatal
outcomes, and high risk of chronic metabolic and
cardiovascular injuries in both mother and offspring.
Currently, GDM diagnosis is based on measuring
blood glucose levels at 24-28 gestational weeks,
presenting a small window of opportunity to
implement interventions to improve the outcomes. In
recent years, molecular biomarkers, such as
microRNAs (miRNAs), short and stable RNA
sequences that repress protein synthesis through
interference with messenger RNA translation,
received considerable interest as diagnosis screening
tools for GDM. Some miRNAs were shown to be
dysregulated in plasma and placenta from GDM
women before changes in blood glucose become
detectable However, the information available is still
scarce, contradictory, and incomplete, not strong
enough to consider them valid biomarkers of GDM.
Therefore, the purpose of this review is to provide an
overview of the current knowledge of miRNAs as
GDM biomarkers and provide some
recommendations for future research avenues.

Keywords: gestational diabetes mellitus, microRNAs,
biomarkers,

Introduction

Gestational diabetes mellitus (GDM) is defined
as any degree of carbohydrate intolerance, with onset
or first recognition during the second or third trimes-
ter of gestation (Bascones-Martinez et al., 2014). It is
considered the most frequent metabolic problem
during pregnancy, representing about 90% of risky
pregnancies (Sanchez-Muniz et al., 2013). The global
epidemic of obesity and diabetes has resulted in an in-

La diabetes mellitus gestacional (DMG) se define
como la presencia de concentraciones altas de glucosa
en sangre que se detectan por primera vez durante el
segundo o tercer trimestre de la gestacion. Puede
afectar a uno de cada cinco embarazos, causando
morbilidad perinatal, resultados adversos neonatales
y un alto riesgo de desarrollar enfermedades
metabdlicas y cardiovasculares cronicas tanto en la
madre como en el feto. Actualmente, el diagnostico de
DMG se basa en determinar las concentraciones de
glucosa en sangre a las 24-28 semanas de gestacion, lo
que presenta una pequena ventana de oportunidades
para implementar intervenciones que mejoren el
prondstico. En  los  dltimos algunos
biomarcadores moleculares, como los microRNA
(miRNA), secuencias de ARN cortas y estables que
reprimen la sintesis de proteinas a través de la
interferencia con la traducciéon de RNA mensajero,
han recibido wun interés considerable como
herramientas de deteccion para el diagndstico de la
DMG. En este sentido, se demostré que algunos
miRNA estaban desregulados en el plasma y en la
placenta de mujeres con DMG antes de que los
cambios en la glucemia fueran detectables. Sin
embargo, la informacién disponible es atn escasa,
contradictoria e incompleta como para considerarlos
biomarcadores validos de DMG. Por tanto, el
proposito de esta revision es proporcionar una visién
general del conocimiento actual de los miRNA como
biomarcadores de esta enfermedad y proporcionar
algunas recomendaciones para futuras vias de
investigacion.

anos,

crease in the prevalence of diabetes mellitus in wo-
men of childbearing age and it is estimated that, cu-
rrently, 5% to 20% of pregnancies are affected by
GDM worldwide. These large ranges are due to di-
fferences in population demographics, diagnostic cri-
teria, screening methods, and maternal lifestyle (Pfei-
ffer et al, 2020). Despite there is no consensus
regarding the test to use, diagnosis is usually made
using a sequential model of universal screening with
a 50-g one-hour glucose challenge test (GCT), follo-
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Figure 1. Circulating miRNAs described in maternal blood from GDM women. miRNAs upregulated during
the second trimester of pregnancy are shown in green. miRNAs downregulated at the second and third trimesters of
pregnancy are shown in red. miRNAs in blue have been described to present a changing expression pattern
depending on the trimester of pregnancy. All these miRNAs target genes encoding proteins which ultimately block
insulin signaling pathway, causing insulin resistance. INS: Insulin; IRS1: Insulin Receptor Substrate 1; GLUT4:

Glucose transporter type 4.

wed by a diagnostic 100-g three-hour oral glucose to-
lerance test (OGTT) for women with a positive screen-
ing test (Ferrara, 2007). However, OGTT test is
cumbersome to conduct, requires fasting and
multiple blood draws, and its association with nausea
and vomiting leads to decreased patient compliance
(Dias et al., 2018). Additionally, screening for GDM is
usually performed at 24-28 weeks of gestation, ac-
cording to the recommendations of international as-
sociations and committee (Liu et al., 2016), which lea-
ves a small window of opportunity to implement li-
festyle interventions to improve pregnancy outcomes.

Diabetes in pregnancy

During healthy pregnancy, several metabolic
and physiological changes take place. Among them,
insulin resistance increases due to the secretion of a
series of antagonist placental hormones (cortisol, pro-
lactin, progesterone, and lactogen), ultimately cau-
sing blood glucose to rise (Zhao et al., 2011).
Furthermore, in those women who suffer GDM, insu-
lin production is insufficient to counteract this increa-
sing resistance, due to an increased apoptotic rate in
[-pancreatic cells which leads to an abnormal insulin
production and secretion (Ibarra et al., 2018). Given
that, blood glucose easily goes through placenta by
facilitated diffusion, reaching the fetus and producing

fetal hyperglycemia (He et al., 2017). This exposition
of fetal tissues to the diabetic maternal environment
can translate into an increased risk for development
of macrosomia, prenatal morbidity, prematurity, and
cardiomyopathy, as well as an increased risk of obesi-
ty and insulin resistance in adulthood (Osmond et al.,
2000, Clausen et al., 2008) as a result of developmental
programming (Casas-Agustench et al., 2015). Women
who develop GDM increase their risk of adverse
health outcomes, such as considerably elevated risk
for type 2 diabetes mellitus (T2D) in the years follo-
wing pregnancy (Clausen et al., 2008).

The role of miRNAs in GDM

The pathophysiology of GDM is not completely
understood, but epigenetic changes induced by this
altered intra-uterine milieu are implicated (Casas-
Agustench et al., 2015). Among the epigenetic proces-
ses potentially involved, there is now increasing evi-
dence that non-coding RNAs, like microRNAs (miR-
NAs), play a role in the development of metabolic di-
seases, such as GDM (Guay and Regazzi, 2013).

MiRNAs are small non-coding RNAs (approxi-
mately 20 nucleotides in length) that regulate gene ex-
pression and diverse cellular functions by directing
degradation or inhibiting the translation of mRNA
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transcripts (Tafrihi and Hasheminasab, 2019). By
doing so, it has been demonstrated that certain miR-
NAs regulate genes involved in metabolic processes
such as glucose homeostasis, insulin signalling, pan-
creatic 3-cell function, lipid metabolism, and inflam-
mation (Ebert and Sharp, 2012, Guay and Regazzi,
2013), all of them related to the development of diabe-
tic disease. It has also been demonstrated that miR-
NAs are not only located intracellularly, but they can
also be released from the cells and exist stably as
circulating miRNAs (c-miRNAs) in blood and in
other easily accessible biological fluids, such as urine,
saliva, amniotic fluid, and breast milk. It has been sho-
wn that c-miRNAs can be actively or passively relea-
sed from tissues and regulate the gene expression of
distant cells, acting as a true intercellular commu-
nication mechanism in an autocrine, paracrine or en-
docrine mode (Li et al.,, 2015). These extracellular
miRNAs can be transported in vesicles (exosomes or
microvesicles) or by binding to proteins, including
argonaute proteins and lipoproteins (Boon and
Vickers, 2013, Wang et al., 2018).

Interestingly, Li et al. in 2015 demonstrated that
small non-coding RNAs can be transplacental
transmitted from the mother to the fetus, contributing
to the maternal-fetal crosstalk and to the epigenetic
legacy. Furthermore, in 2013, genome-wide analysis
demonstrated that more than 600 miRNAs are ex-
pressed in the placenta and many of them are dys-
regulated during GDM (Dias et al., 2018). These miR-
NAs hold potential as biomarkers of placental
dysfunction and GDM, since they can be released into
maternal circulation (Chim et al., 2008).

Circulating miRNAs as biomarkers of GDM

Prompt identification of GDM risk, before diag-
nosis, is a critical need, as an early appropriate treat-
ment can reduce both mild and severe GDM-related
complications. Therefore, there is a need for a good
biomarker for the early identification of GDM risk. To
this end, c-miRNAs present themselves as promising
candidates, since it has been demonstrated that
changes in the levels of specific c-miRNAs occur
during GDM, before changes in blood glucose beco-
me detectable (24-28 weeks) (Pfeiffer et al., 2020). In
general, miRNAs show optimal characteristics and
numerous advantages to be considered optimal bio-
markers: 1) they are very stable against ribonuclease
activity, freezing/thawing cycles and other drastic
conditions; 2) samples can, therefore, be stored for
long periods of time without observing a noticeable
RNA degradation (Guay and Regazzi, 2013); 3) as
they are found in several easily accessible biological
fluids, they can be detected by highly sensitive and
specific techniques, such as real-time polymerase
chain reaction (qQPCR); and 4) most of them are

convoluted evolutionarily, which facilitates the ex-
trapolation of the results of in vivo animals studies to
humans (Zhao et al., 2013). However, the information
available on the usefulness and feasibility of c-miR-
NAs as biomarkers of GDM is scarce and, to some ex-
tent, contradictory and incomplete.

Most authors have analyzed c-miRNA profiles
in maternal blood samples, mainly plasma or serum,
since it is an easily accessible and non-invasive fluid
(Ibarra et al., 2018, Gillet et al., 2019). In other studies,
maternal samples were obtained after delivery, such
as placental tissues (Ding et al., 2018, Ibarra et al.,
2018, Li et al.,, 2018, Nair et al., 2018, Wang et al., 2019,
Wang et al.,, 2019), omental adipose tissue (Ibarra et
al., 2018) and human umbilical vein endothelial cells
(HUVECs) (Ibarra et al., 2018, Peng et al., 2018). Mo-
reover, two studies have assessed miRNA expression
in the offspring: one in skeletal muscle of adult offsp-
ring of women who had developed GDM (Ibarra et
al.,, 2018) and the other in feto-placental endothelial
cells (fpEC) (Strutz et al., 2018).

The first study considering serum c-miRNAs as
candidate biomarkers for predicting GDM in the rela-
tively early pregnancy (16-19 gestational weeks) con-
sisted on a systematic screening by using the Tagman
Low Density Array (TLDA) chips (Zhao et al., 2011).
The expression of miR-132, miR-29a-3p, and miR-222
were significantly decreased in the GDM group
(Zhao et al., 2011). Since then, a considerable amount
of information has been published describing the as-
sociation of GDM with the expression of certain miR-
NAs. For instance, a more recent study observed that
the expression of miR-222 was also lower in the serum
of GDM women at 13-31 gestational weeks (Pheiffer
et al., 2018). Additionally, it has also been described a
differential profile of c-miRNAs at 16-19 gestational
weeks in GDM vs. healthy women, although the
changes observed involved a different set of miRNAs
(Zhu et al., 2015). These authors reported in their pilot
study the upregulation of miR-16-5p, miR-17-5p,
miR-19a-3p, miR-19b-3p and miR-20a-5p in plasma
samples of GDM women. These results were tested in
a larger group of patients and at different gestational
weeks (Cao et al., 2017). The same results were obtai-
ned, but only for miR-16-5p, miR-17-5p and miR-20a-
5p, which were significantly upregulated in GDM
women at 16-20 weeks, 20-24 weeks and 24-28 weeks
of pregnancy (Cao et al., 2017). Two studies analyzed
the expression of miR-222-3p and miR-29a-3p (Zhu et
al., 2015, Wander et al., 2017). However, they did not
see differences between GDM case and control
groups, although miR-29a-3p was associated with
GDM risk in the analysis restricted to male offspring,
but not women offspring in one of the studies
(Wander et al., 2017). In another work, miR-29a was
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identified as one of the specific miRNAs in the deve-
lopment of GDM (Collares et al., 2013).

The scenario is even more complex, heteroge-
neous and hardly comparable for the rest of the stu-
dies (Sebastiani et al., 2017, Houshmand-Oeregaard et
al, 2018, Strutz et al., 2018, Hocaoglu et al.,, 2019,
Martinez-Ibarra et al., 2019). Many other miRNAs
have been reported to exhibit an altered expression
during GDM, although they have only been descri-
bed in one study each. Furthermore, miRNA expres-
sion may be affected by population characteristics,
including gestational age, biological sample analysed,
measurement platform, type and number of miRNAs
analysed, and normalization strategies, resulting in
the heterogeneous results observed in the different
studies.

Despite the heterogeneity of the results (Figure
1), some conclusions can be drawn about which c-
miRNAs could be the most promising biomarkers of
GDM, when obtained from maternal blood. On the
one hand, we could consider miR-16-5p, miR-17-5p
and miR-20a-5p, which are upregulated in plasma of
GDM women at 16-20 weeks, 20-24 weeks and 24-28
weeks of pregnancy, that is, before serum glucose ab-
normality (24-28 weeks) is tested and GDM diag-
nosed. These miRNAs are mainly associated with five
pathways: MAPK signaling, insulin signaling, type 2
diabetes mellitus, TGF-3 signaling, and mTOR sig-
naling (Zhu et al.,, 2015). For example, miR-16 targets
genes encoding the insulin receptor substrate (IRS)
proteins 1 and 2, thus, the upregulation of miR-16-5p
in GDM women will block insulin signaling, causing
insulin resistance (Kantharidis et al., 2011). For their
part, miR-17-5p and miR-20a-5p are associated with
angiogenesis and upregulation of these miRNAs mi-
ght lead to an abnormal pregnancy, because they
target several genes important for this process such as
HIF1A, MMP2, VEGFA, TIMP2, and IL-8. HIF1A is a
transcription factor highly sensitive to oxygen tension
critical for placental development and function throu-
gh regulating the expression of many hypoxia-res-
ponsive genes, including VEGFA (Wang et al., 2012).
The downregulation of miR-222-3p has been descri-
bed in GDM women at 13-31 gestational weeks. This
is a placental miRNA associated with proliferation of
endometrial stromal cells and it is a potential regu-
lator of estrogen receptor a (ERa) expression in estro-
gen-induced insulin resistance in GDM (Pheiffer et
al,, 2018). Finally, miR-29a presents an expression
pattern that changes depending on the trimester of
pregnancy. Thus, downregulation of miR-29a could
increase Insigl expression level, an endoplasmic re-
ticulum membrane protein that regulates glucose ho-
meostasis and subsequently increased the level of
PCK2, a key enzyme in gluconeogenesis in hepatic ce-
lls, causing hyperglycemia (Zhao et al., 2011).

Future perspectives

Although evidence accumulates that changes
in the plasma miRNA profile occur during GDM, at
this moment neither a single c-miRNA nor a specific
c-miRNA profile provide a reliable biomarker of
GDM. The results obtained in the different studies are
quite heterogeneous and hardly comparable, most
likely due to huge differences in the methodological
and experimental approaches. There are also several
limitations, such as the lack of a solid and globally ac-
cepted procedure for data processing or a common
diagnostic criterion to define GDM. The existence of a
solid and common strategy for miRNA data analysis
should be a priority that would tremendously impro-
ve the impact of the results in terms of translational
and diagnostic value.

Furthermore, there is still a lack of a paramount
perspective on the regulatory role of c-miRNAs th-
roughout healthy and diabetic gestations, as well as
their value as biomarkers. As far as we know, no
longitudinal study has analysed the changes in the c-
miRNA profile throughout the three trimesters of
pregnancy in healthy women and in those who deve-
lop any kind of obstetrical syndrome during preg-
nancy, including GDM. This information would also
help in a better understanding of the transgeneratio-
nal metabolic risk inheritance, optimizing the design
and implementation of lifestyle interventions aimed
to reduce metabolic risk.
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