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inhibitor which can inhibit multidrug resistant strains by a great extent. Drug discovery
targeting the HIV-protease still remains a key interest in modern drug discovery. The
findings reported in this study will significantly help in the rational design of post
darunavir novel HIV-PR inhibitors with an improved potency, targeted towards various

multi-drug resistant strains.
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the ETHR expression pattern and are essential to the ecdysis
circuit. We also provide evidence that subsets of ETHR-
expressing neurons that use the neurotransmitters acetylcho-
line and glutamate are functionally important. Suppression
of the cholinergic subset potently blocks ecdysis at both the
larval and pupal stages and may well include many neurons
that also express peptides. The glutamatergic subset, how-
ever, is likely to be distinet from the cholinergic group based
on the previously reported nonoverlapping expression of the
cholinergic marker, ChaT, and the glutamatergic marker,
VGlut (Diao et al. 2015). Interestingly, electrical suppression
of a GABAergic subset of ETHR-expressing neurons does not
result in overt ecdysis failure. It thus seems likely that inhib-
itory inputs previously shown to regulate the execution of
different phases of the ecdysis sequence in Manduca and
thought to also function in Drosophila (Baker et al. 1999;
Zitnan and Adams 2000; Fuse and Truman 2002) do not
derive from ETHR-expressing neurons, are not GABAergic,
or are not strictly essential for ecdysis. We favor the last
possibility and note that we have focused here only on gross
ecdysis deficits. More subtle defects that affect behavioral
coordination, execution, or timing and do not result in lethal-
ity will require closer analysis. Our preliminary results, how-
ever, suggest that many of the ETHR-expressing neurons
identified in this study can be expected to play specific roles
in ecdysis at some developmental stage.

The efficacy of Trojan exon-mediated receptor mapping

The Trojan exon methodology used here to identify, manip-
ulate, and parse the patterns of ETHR expression represents a
systematic and versatile strategy for mapping functional con-
nectivity within hormone-mediated neural circuits. In the case
of the ecdysis circuit, this strategy has not only facilitated
analysis of the neural substrates of behavior and physiclogy,
buit has revealed unanticipated developmental differences in
the importance of the two ETHR isoforms. In the fly as in other
insects, the motor patterns that mediate ecdysis vary consid-
erably across developmental stages to accommodate differ-
ences in body plan and environmental context. However, the
changes that occur in the ecdysis circuit over development
remain largely unknown. The tools developed here should
provide the basis for a thorough-going investigation of this,
and other, important issues.
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the mechanism for phosphatidylinositol 4.5-biphosphate-
dependent gating is conzgerved in TRPV1 and distantly related
ion channels, but additional experimental evidenee is required
to confirm this.

As stated above, based on structural and functional studies,
it has been proposed that the 54 to 35 linker plays a pivotal
role in coupling the channel-sensing modules with the pore
domain in voltage-dependent potassium channels (Lu et al,,
2002; Long et al., 2005b; Chowdhury et al., 2014). For TRPV1,
struetural data show that the 84 to 55 linker appears to be
close to the “TRP domain” located at the proximal C-terminal
region. In agreement with functional studies, it haz been
suggested that these domains may constitute the machinery
that couples the channel-sensing modules to the activation
gate (Brauchi et al., 2007; Susankova et al., 2007; Boukalova
etal, 2010; Capet al , 2013b; Taberner et al, 2014; Yanget al.,
2015a). The binding site of PI{4,5)P; iz therefore nontrivial
because it seems that this location may be related to the
channel activation gate, although the modulation of channel
gating has not been exhaustively dizsected as a function of PI
(4,5)Ps chemistry, However, this may eventually lead to the
discovery of novel compounds from the de novo design of
TRPV1 channel modulators,

Lysophosphatidic acid (LPA) plays a role in many cellular
processes, including cell migration, apoptosis, cell differ-
entiation, and angiogenesis (Oude Elferink et al., 2015). It
has been proposed that LPA is the trigger for neuropathic
pain through a signaling cascade involving the LPA re-
ceptor and the Rho-Rho kinase pathway (Inoue et al., 2004),
As ghown in rats, LPA potentiates TRPV1 activity in DRG
neurons during bone cancer via an indirect mechanism
involving protein kinase Ce (Pan et al., 2010) and this
potentiation of TRPV1 channel activity occurs after the
blockage of the signaling pathways associated with LPA,
Given that the effect of LPA was markedly reduced using
extracellular LPA applications, an intracellular LPA bind-
ing site was hypothesized to mediate these actions (Nieto-
Posadas et al., 2011). Deletion of the channel region
comprising residues T777-821 rendered the channel LPA
insensitive, suggesting that the LPA binding site is lo-
cated at the C terminus of the channel, Further charge
neutralization of R701 and K710 showed that these resi-
dues, which had previously been proposzed to stabilize the
phosphatidylinositol 4,5-biphosphate binding pocket (Brauchi
et al., 2007), are key components in LPA-dependent potenti-
ation of TRPV1 channel activity (Nieto-Posadas et al., 2011;
Morales-Lazaro and Rosenbaum, 2015).

Cholesterol, an abundant component of biologic mem-
branes, is involved in membrane mechanical stability, flu-
idity, and subdomain organization (Garcia-Sdez and Schwille,
2010). Cholesterol directly modulates the function of several
ion channels, and at least three cholesterol-binding motifs
have been described to date (Levitan et al., 2014). Depletion
of cholesterol from membranes of DRG neurons via methyl-
B-cyelodextrin application decreases both eapsaicin-induced
responses and TRPV1 immunoreactivity, These effectz were
specifie for TRPV1 and not the purinergic receptor P2X,
suggesting that cholesterol is involved in the stahbility of
lipid rafts where TRPV1 channels are located (Liu et al.,
2006). Consistent with this hypothesis, pharmacological
disruption of lipid rafts in DRG neurcns by the enzyme
sphingomyelinase decreases the calcium influx in response

to capzsaicin (Szoke et al., 2010). To avoid trafficking effects
that had previously been reported by Liu et al. (2006),
Picazo-Judrez et al. (2011) assessed the effects of choles-
terol levels on TRPV1 channel function in excized mem-
brane patches, Data from excised membrane patches
suggested that cholesterol specifically binds to rTRPV1
channels; an increase in cholesterol levels decreased capsaicin-
evoked eurrents, whereas the inerease in cholesterol’s ste-
reoisomer epicholesterol did not. The sensitivity of rTRPV1
channels to cholesterol was affected by mutations at iso-
leucine 585 in S5, a region wherein the sequence contains a
cholesterol-binding motif between residues 579 and 536
(Picazo-Judrez et al, 2011). These findings suggest that
cholesterol levels are critical for TRPV]1 channel function in
several ways and a decrease in its levels may produce structural
disruption of membrane elements that are key for ion channel
function/azsembly, On the other hand, increases in cholesterol
levels inhibit channel activity possibly by trapping the channel
in its closed state (Picazo-Judrez et al., 2011).

Concluding Remarks

The TRPV1 channel is a polymodal receptor whose activa-
tion is driven by ligands, heat, voltage, and lipids (Nilius and
Voetz, 2004; Baez-Nieto et al., 2011). This channel has
become an attractive target for developing novel pain
inhibitors because of its role in nociceptive and inflammatory
responses, The structure of the TRPV1 channel has been
resolved by eryo-EM (Cao et al,, 2013h; Liao et al., 2013}, and
this work has provided most of the structural details for
protein—ligand docking algorithms that rapidly evaluate the
binding of thousands of compounds from wirtual libraries
{Sousa et al, 2013). However, the search of novel TRPV1
modulators can be a hard task because of the polymodal
nature of this ion channel, which becomes a double-edged
sword. While dissection of channel activation modes and
their allosteric erosstalk results is fascinating from a bio-
physical point of view, thiz represents a major challenge for
pharmacologists who look for an unique, well defined re-
sponse after ligand binding. This may represent a major
shortcoming during the transit from in vitro assays to clinical
trials. Several molecules acting as potent TRPV1 channel
inhibitors displayed analgesic activity during in vivo aszays
but were also found to produce hyperthermia or impaired
heat senszing, rendering them unzafe for human use (Lee
et al., 2015). Thus, future work will require function-oriented
pharmacology that includes the suppression of activation of
the module that is sensitive to decreases in external pH, a
widespread phenomenon during inflammatory processes
{(White et al., 2011). To achieve this goal, a detailed bio-
physical understanding of ion channel function will be
necessary. Future efforts should also include a search for the
structural determinants of each sensing module and aim to
understand how these domains are functionally connected.
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normal levels of phagosomal processing of tumor antigens
(Fig. 3B), whereas the targeting of NOX2 would more likely
cause an impairment in the eross-priming of antitumor CTLs.
It cannot be completely disregarded, howewver, that Hvl
inhibition might affect cross-priming by inducing excessive
antigen degradation. If this were the case, the negative effect
of a therapy based on blocking Hv1 funetion could be solved by
a combination with peptide vaceines, adoptive transference of
dendritic cells already loaded with tumor antigens, or another
feasible strategy that cireumvents antigen processing.

TAMs and TANs are potent suppressors of T eell function
within the TME. In these populations Hv1 channel might aid
to sustain the production of high levels of ROS, which impairs
T cell function through several mechanisms (Schmielau and
Finn, 2001; Nagaraj et al., 2007; Molon et al., 2011) (Fig. 3A).
Thus, the inhibition of Hv1 could lead to a diminished ability
of TAMs and TANs to suppress antitumoral T cellz and might
impair the polarization of TAMs toward M2 phenotype,
because ROS is required for macrophage differentiation into
M2 functional state (Zhang et al., 2013) (Fig. 3B). Additionally,
the migration of neutrophils toward the sites of inflammation
is regulated by Hv1 channel (El Chemaly et al., 2010; Zhu
et al., 2013), suggesting that in tumor-bearing hosts, the
inhibition of Hvl could lead to a reduced intratumoral in-
filtration of TANs (Fig. 3B). A diminished infiltration of TAN=
could be accompanied by a decreased recruitment of tumor-
supporting Tregs and TAMs (Curiel et al., 2004; Fridlender
and Albelda, 2012) (Fig. 3B).

A relevant issue that must be addressed in any therapy is
potential toxicity. In addition to immune system-related cellz
and tissues, there is evidence of Hv1 expression (RNA and/or
protein level) at different tissues, such as the brain (cerebral
cortex, hippocampus, and lateral ventricle), endocrine tizssues
(thyroid and adrenal glands), museles (heart, skeletal, and
smooth), liver and gallbladder, gastrointestinal track, kidney
and urinary bladder, testis and prostate, female tissues
fendometrium, fallopian tube, ovary, and placenta), skin
and adipose and soft tissue (tissue expression of HVCN1,
The Human Protein Atlas, http/fwww proteinatlas.org/
ENSGO0000122986-HVCN Litizsue; Uhlen et al., 2015). The
functional role of Hv1 is still uncharacterized in most of these
tissues, with some exceptions: in airway epithelium, Hvl
regulates the extracellular pH in airway surface liquid
(Fischer et al., 2002; Cho et al., 2009; Fischer, 2012) and
Hvl plays multiple roles in human sperm (Babcock et al.,
1983; Babeock and Pfeiffer, 1987; Lishko et al., 2010; Musset
et al, 2012h). Then, Hvl inhibition can potentially affect
airway epithelium pH regulation and sperm capacitation
(temporally hampering male fertility). The effects of Hvl
inhibition in other human tissues remain to be studied.
Therefore, it iz very important to determine the balance
between the antitumoral effeet and the associated toxicity
when studving any drug targeting Hv1, Of note, Hv1-deficient
mice develop some degree of autoimmunity associated with
aging, but a life-threatening toxicity has not been described
(Sasaki et al., 2013). Furthermore, these mice are able to clear
bacterial infections in vivo (Ramsey et al., 2009, Similarly,
Hvl-deficient rats lack a fatalisevere phenotype (Jin et al.,
2014). The phenotypes of Hv1-deficient animal models cannot
be directly extrapolated to the human scenario because of
some differences regarding Hvl expression among species
(Lishko et al., 2010}, and no human deficiency of Hv1 is known

(DeCoursey, 2015). Nonetheless, these results suggest that
the pharmacological inhibition of Hv1 channel could be feasible
because of tolerable toxicity and potential relevant effect in both
tumor cell biology and tumor-infiltrating immune cells. More-
over, a therapy directed to the Hv1 proton channel in cancer can
be beneficiated with strategies that specifically deliver the drug
in the TME, such as intratumoral inoculation or coupling with
monoclonal antibodies specific for tumor antigens.

Because cancer needs a multifactorial strategy, it is desir-
able that Hv1-based therapy could be used together with the
standard of care for this disease and with the novel developing
therapies. From our point of view, the inhibition of Hv1 could
be a strategy to target the TME that could be combined with
cancer vaccines, monoclonal antibodies, immune checkpoint
therapy, adoptive T cell transference, and low molecular
weight inhibitors, etc. Although more direet experimental
evidence needs to be obtained regarding the role of Hv1 in the
TME, there is no doubt that it is a novel approach for cancer
therapy that is worth exploring more seriously. With that in
mind, a larger effort should be made in the design and
development of efficient drugs targeting Hvl channel that
could be uzed in cancer patients.

Hw1 inhibition can also be beneficial for the treatment of other
pathologies: Alzheimer's disease (Eder and DeCoursey, 2001),
ischemic liver disease, atherosclercsis, Parkinson's diseasze
(DeCoursey and Ligeti, 2005), ischemic stroke (Wu et al., 2012),
and Crohn's disease (Haglund et al, 2013), but a complete
analysis of this is bevond the scope of the current review,
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Conclusions

Most mutations cassing  connexinopathies  generates
total or partial loss of GICs function. However, t is un-
ear il the severity of disease correbites with the Jevel of
GICs Joss of function. Mutations assoclated with loss of
function GICs are distnbated along the entire protein
soguency with no cliar pattern of dustering 4t any seg-
ment, which suggest that GIC fanctionality Is very sensi-
tive 10 manor changes in Cxs protein. and that subtle
changes In GIC fusctionality are sufficlent o case dis-
eases. Less in known about the effect of mutations asso-
dated o comnesimopathies on the functional sate of
HCs. The dearest coerelation between gain of function
HCs and disease bas been found m most types of syn-
dromic deafisess associsted to Cx26, in pasticular in KID
syndrome. For others Cxs, few mutations are assocated
to gain of HCs function, however, we can not discard
that this condition may be underestinuated because mast
stodies in the past have been more focused in GICs than
HCs Thervfoee, it i vet difficudt 1o make a genesal state-
ment that represent all Cxs assoclted to connexinopa-
thies. Nevertheless, it = clear that all mutations eliciting
galn of HOs fusction are clustered In pare-assocated
domains like the NT and the TMI/ECL1, which are crit-

ical segians for gating and regaistion,
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Y The reason for this is

through upregulation of the expression of uncoupling proteins
uncertain, but one possibility is that the energy demands of maintaining core temperature are
elevated due greater heat losses per unit of body mass as a result of reduced body weight and,
consequently, elevated body surface area relative to body weight. The tissue inflammation
identified in mouse gastrocnemius muscle, as well as endocrine disturbances including

hypogonadism and reduced growth hormone levels * **

. may also contribute,

Conclusions

RAP-031 stimulated gains in muscle mass in the forelimbs of mice at 56 days after a complete
mid-thoracic transection of the spinal cord whereas forelimb muscles were reduced in size in
mice with SCI that were not treated. It is not known whether arm muscle is lost over the first
days to weeks after SCI in man, but it is likely that this is the case as individuals with SCI have
multiple stressors in addition to their SCI, such as soft tissue trauma, infections, medications
and bed rest, all of which exacerbate muscle atrophy. Our findings suggest that administration
of an inhibitor of myostatin action early after an SCI, perhaps at the time rehabilitation is
initiated, would minimize loss of muscle in regions with preserved neurological function and
speed rehabilitation. The finding that RAP-031 had no effect on paralyzed muscle suggests that
even when an intact lower motor neuron is present, physical activity is necessary for myostatin
inhibitors to prevent atrophy of skeletal muscle. The findings also suggest that only inhibition of
multiple upstream signals for atrophy will prevent the loss of skeletal muscle that occurs with

paralysis and/or severe immobilization of other etiologies.
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release nucleic acids inside the cells representing a
promissory carrier for DNA-based therapies.

Conclusions

An efficient nucleic acid carrier must form stable com-
plexes with DNA or RNA and promote internalization
into the cells, by means of a good affinity for the cell
membranes. Here, we studied using TIRF microscopy
and molecular dynamics method, the influence of ter-
minal groups of a dendrimer, and essentially, the charge
properties of each of them, in the ability to bind anti-
sense oligonucleotides and later penetrate the cell
membrane.

Previous articles have evidenced the inability of
PAMAM-OH dendrimers to form a complex with plas-
mid DNA, using ethidium bromide exclusion assays
[10, 12]. Here, we revealed that PAMAM-OH in fact
can establish contacts with asODN, but it is unable to
condense it. Moreover, most part of the asODN remained
exposed to the solvent, in such a way that an intercalating
dye such as ethidium bromide cannot be displaced by the
dendrimer. This could explain the absence of DNA fluor-
escence quenching induced by PAMAM-OH as it was de-
scribed in mentioned articles [43].

Furthermore, nucleic acids carriers must have posi-
tively charged groups to efficiently bind DNA, as it has
been demonstrated in this article. As far as we are con-
cerned, there are no previous articles have described the
interaction, at atomic-level scale, between non-charged
dendrimers and asODN.

Here, we demonstrated that PAMAM-NH, dendrimer
forms a well-compacted complex with an asODN, pro-
moting its cell uptake and its biological function. Specif-
ically, in this case, we evaluated the inhibition of the
expression of target protein Survivin compared when we
used PAMAM-NH, as a transfection reagent. Differ-
ently, PAMAM-OH is not able to form a complex and
efficiently protect asODN from solvent. From these evi-
dences, we can argue why in presence of PAMAM-OH,
asODN is unable to cross the cell membranes. First,
contacts between a neutral dendrimer and the negatively
charged oligonucleotide are not enough to condense the
nanoparticle and avoid the repulsion of the membrane.
Then, asODN remained outside the cell, as TIRF and
fluorescent microscopy showed, because of its poor
interaction with PAMAM-OH and cell membranes. In
spite of that, neutral dendrimers could protect other
classes of molecules, such as drug or peptides, and even-
tually, they could cross the cell membranes, probably
with less efficiency than positively charged nanoparticles.
Thus, these results support the idea that neutralizing
some groups of PAMAM-NH,, eg, with hydroxyl
groups, like in PAMAM-OH, could be a feasible ap-
proach to avoid the induction of cytotoxicity by highly

Page 11 of 13

charged dendrimers, conserving their properties as nu-
cleic acid carriers. This study strongly supports the idea
that, despite both are dendrimers of the same gener-
ation, their chemical composition might be crucial for
membrane binding and cell penetration, and that a ra-
tional design of dendrimers, it means, an adequate
modulation of the functional groups, could favor the de-
velopment of safer and optimized carriers.
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Neural Plasticity

Since the first report that showed that neuronal depolariza-
tion resulted in the calcium-dependent phosphorylation of
MeCP2 and its subsequent release from regulatory regions of
genes such as Bdnf [24], remarkable progress has been made
in exploring the roles of posttranslational modifications of
MeCP2, some of which activate or inhibit transcription [21].

In particular, we studied the phosphorylation of 5421,
which is selectively expressed in neuronal tissues [3] and is
madified by calcium influx and the subsequent activation of
calcium/calmodulin-dependent protein kinase IV [44, 53]

Consistent with our data, a recent study showed that a
hippocampal-dependent behavioral task increased the phos-
phorylation of 8421 [25]. Although it was thought that the
phosphorylation of 5421 was related only to its selective
detachment to DNA, more detailed genomic distribution
analyses of phospho-5421 have revealed that, under both rest-
ing and stimulated conditions, MeCP2 is not released from
the target sequences in the DNA. Therefore, the additional
phosphorylation events that have been described for MeCP2
must necessarily also involve the regulation of DNA binding
because neural activity modifies other residues on MeCP2,

Because it has been shown that the dephosphorylation of
580 does not necessarily coincide with the phosphorylation of
5421 or vice versa [53], we studied the effect of the 580 residue,
which is the most constitutively phosphorylated residue in
resting neurons and is dephosphorylated by neuronal activity
[44,53]. In contrast to 5421, we found that tetanic stimulation
also activates unidentified calcium-dependent phosphatases
that dephosphorylate the 580 residue and that this is a
critical event during synaptic plasticity [53]. Functionally, the
phosphorylation of S80 does not affect the overall subcellular
localization of MeCP2, but it has a strong impact on the
affinity of this protein for DNA [3, 53],

Finally, the data presented in this work raise a number
of new questions that must be addressed in the future,
and although the mechanisms by which the azanucleosides
inhibit DNA methylation are not fully understood, its use
in the future will continue (7, 35, 54] providing valuable
information about DNA methylation in synaptic plasticity,
learning, and memory.
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Bioconjugate Chemistry

binding of more peptides, especially obstructing the binding of a second gpl60 peptide.
NEF(1) in this case is not obstructing the binding of a second p24 peptide(1). This evidence
can explain why mixtures of peptides including NEF are decreasing the cell uptake of the
other peptides, as experimental assays showed in this study, being more dramatic the
decreasing of gpl60 uptake. Eventually, in a system with only p24 peptides, G2-NN16 can
encapsulate three of these peptides, differently that in a solution with a mixture of different
peptides, where only two p24 peptides are captured, which explains the cell uptake decreases
in such conditions, More p24 peptides were encapsulated and protected by G2-NNI16 in
presence of other peptides, which can explain that their cell uptake do not decay at the level of
gpl6l. The binding energy of G2-NN16/peptides is not directly correlated with the degree of
coverage of the peptide elicited by G2-NNI6. SASA parameter as a function of MD
simulation time seems a more predictive parameter for the degree of protection. Therefore,
our results show that G2-NN16 associated with two or more HIV-derived peptides could not
used as a vaccine because it does not offer the potential and correct ability to deliver peptides

as non-viral vectors,
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Outreach activities throughout the period
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1) Interview with Dr. Andrés Chavez about the Cannabinoides
Newspaper: The Clinic
Date: March 16, 2016
Link: http://cinv.uv.cl/andres-chavez-neurocientifico-los-cannabinoides-son-
nuestro-cable-a-tierra/
Scope: National
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2) Interview to Dr. John Ewer about the criticism for the changing the local time.
Web page: Diario Electronico el Mostrador
Date: May 19, 2016
Link:http://cinv.uv.cl/cientifico-critica-cambio-de-horario-por-insuficiente-y-
advierte-DDAsobre-efectos-negativos-sobre-la-salud/
Scope: National
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3) “Brilliant minds”, with Dr. Ramén Latorre

Web page: Diario Electronico el Mostrador

Date: July 15, 2016
Link://cinv.uv.cl/mentes-brillantes-acusan-que-la-crisis-de-la-ciencia-no-es-un-
problema-solo-de-plata-sino-de-miopia-politica-y-cultural/

Scope: National
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4) CORE approved the remaining 2700 million pesos to construct the building
Abate Molina.
Newspaper: El Mercurio
Date: September 23, 2016
Link: http://cinv.uv.cl/core-aprueba-los-2700-millones-de-pesos-que-faltaban-
para-construir-el-edificio-molina/
Scope: National
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5) In Valparaiso set up a new scientific Alliance

Newspaper: El Mercurio de Valparaiso

Date: September 23, 2016
Link:http://cinv.uv.cl/establecen-nuevas-alianzas-cientificas-en-valparaiso/
Scope: National
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6) Neuronews : “Scientists alter ideological, political and religious conceptions,
using magnetic stimulation of the brain”

Webpage: Diario Electronico E1 Mostrador

Date: August 18, 2016
Link:http://cinv.uv.cl/cientificos-alteran-concepciones-ideologicas-politicas-y-
religiosas-usando-estimulacion-magnetica-del-cerebro/

Scope: National
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7) Neuroscientist teach children how to build an solar oven with an umbrella
Newspaper: Las Ultimas Noticias
Date: December 16, 2016
Link:http://www.lun.com/Pages/SupplementDetail.aspx?dt=2016-12-
17&SupplementID=55&BodyID=0
Scope: National
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