Neuropeptide gpcrs
IN
neuroendocrinology:
the case of activity-
dependent
neuropro...

Health & Medicine

&, ASSIGN
7 BUSTER


https://assignbuster.com/essay-subjects/health-n-medicine/
https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-case-of-activity-dependent-neuroprotective-protein-adnp/
https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-case-of-activity-dependent-neuroprotective-protein-adnp/
https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-case-of-activity-dependent-neuroprotective-protein-adnp/
https://assignbuster.com/

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 2

Vasoactive Intestinal Peptide (VIP): Neuroprotection and
Synapse Formation

This review is a selected overview of the chosen subject. As, | have recently

summarized my work on VIP ( Gozes, 2008 ), | will describe here only

selected topics focusing on the GPCR connection of the VIP-regulated

protein, activity-dependent neuroprotective protein (ADNP) ( Gozes, 2007 ).

In the mid 1980s we were the first to clone the gene encoding the 28 amino

acid neuropeptide, vasoactive intestinal peptide (VIP) ( Bodner et al., 1985 ).

This allowed us to follow up VIP gene expression in the brain showing
developmental increases at the time of postnatal synapse formation and glial

expansion ( Gozes et al., 1987 ). Given the increased expression of VIP at the

time of synapse formation and glial expansion, we hypothesized a
developmental role for the peptide—associated with synaptogenesis and
neuroprotection. Follow-up studies by the laboratory of Douglas Brenneman
indeed showed that VIP provided neuroprotection through glial cells (

Brenneman et al., 1987 ). We teamed up to show together with the group of

Ronald McKay that VIP enhances synapse formation through glial cell

activation ( Blondel et al., 2000 ).

Together with the late Frank Baldino, we showed extensive VIP mRNA
expression in the brain, for example, in the suprachiasmatic nucleus (SCN) (

Card et al., 1988 ), an area regulating diurnal rhythms. Our further studies

utilizing our VIP hybrid antagonist showed that VIP function during
development was required for maintenance of diurnal rhythmicity ( Gozes et

al., 1995 ). These findings were later confirmed by knocking out either VIP (
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Loh et al., 2011 ), or the VIP receptor VPAC2 ( Harmar et al., 2002 ), which

brings us to part of the subject of this review, GPCRs.

VIP Receptors

We have recently reviewed the current status of research on VIP receptors (

Harmar et al., 2012 ). In short, VIP and pituitary adenylate cyclase-activating

polypeptide (PACAP) are members of a superfamily of structurally related
peptide hormones that includes glucagon, glucagon-like peptides, secretin,
gastric inhibitory peptide (GIP) and growth hormone-releasing hormone
(GHRH). VIP and PACAP exert their actions through three GPCRs—PAC1,
VPAC1 and VPAC2—belonging to class B (also referred to as class I, or
secretin receptor-like GPCRs). PAC1 receptors are selective for PACAP,
whereas VPAC1 and VPAC2 respond to both VIP and PACAP with high affinity

( Harmar et al., 2012 ). As indicated above, VPAC2 was associated with

diurnal rhythmicity ( Harmar et al., 2002 ) as well as astrogenesis ( Zupan et

al., 1998 ). Other functions, including association with cancer propagation

and immunomodulation have been extensively reviewed (as cited above).

VIP Receptors and Neuroprotection, Our Point of View

Prior to the molecular cloning of VIP and PACAP receptors, binding and
displacement assays coupled to functional assays suggested high affinity
binding for VIP on glial cells (astrocytes)—associated with the release of
neuroprotective proteins and low affinity binding to astrocytes, associated

with cAMP formation ( Gozes et al., 1991 ). With the available VPAC1, VPAC2,

and PAC1 clones (including the alternatively spliced PAC1 receptors), we

have used antisense oligodeoxynucleotides specific for each of the then
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known receptor subtypes to identify receptors involved in neuroprotection.
Our data showed that one of the PAC1 splice variants, the hop2-like receptor

is a receptor that mediates neuroprotection ( Ashur-Fabian et al., 1997 ). The

PAC1 cDNA was cloned from rat cerebral astrocytes. Using genetic
manipulation we obtained the hop2 splice variant and expressed it in COS-7
cells. Results showed that VIP bound the cloned hop2 splice variant ( Pilzer

and Gozes, 2006 ). Stearyl-neurotensin (6-11) VIP (7-28) (SNH), an

antagonist for VIP, was also found to bind hop2. Other studies have shown

that this particular antagonist that we have developed ( Gozes et al., 1995)

binds to all know VIP receptors ( Moody et al., 2002 ). In addition, VIP

protected COS-7 cells expressing hop2 from oxidative stress. Parallel assays
demonstrated that VIP increased cAMP accumulation in COS-7 cells
expressing hop2. These results support the hypothesis that hop2 mediates
some of the cytoprotective effects attributed to VIP ( Pilzer and Gozes, 2006
).

However, the study cited above did not address the requirement for

astrocytes for VIP neuroprotection, suggesting additional players.

VIP Stimulate Astrocyte Secretion of Growth Factors

We teamed up together with Douglas Brenneman to isolate novel growth
factors from VIP-stimulated astrocyte conditioned media. Our first attempt
included sequential chromatography coupled to functional assays of
neuroprotection, yielding activity-dependent neurotrophic factor (ADNF) (

Brenneman and Gozes, 1996 ). This study took us to three directions: (1)

identification of an active peptide site within ADNF—potential future
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therapeutic; (2) production of antibodies against ADNF as tools for functional
studies and (3) use of the antibodies for expression cloning toward the
identification of novel ADNF-like molecules, thus cloning ADNP ( Bassan et

al., 1999 ). We have further identified ADNP immunoreactivity in astrocyte

conditioned medium, which was increased upon exposure to VIP ( Furman et

al., 2004 ).

GPCR Involvement in ADNP Expression
Using VIP analogues specific for the VPAC1 and the VPAC2 receptors, we

discovered that VIP-induced changes in ADNP expression in astrocytes via
the VPAC2 receptor. The constitutive synthesis of ADNP and VPAC2 was
shown to be age-dependent and increased as the astrocyte culture
developed. The VIP-related peptide, PACAP also induced changes in ADNP
expression. The apparent change-induced by VIP and PACAP on ADNP
expression were developmentally dependent, and while stimulating

expression in young astrocytes ( Bassan et al., 1999 ), an inhibition was

demonstrated in older cultures suggesting that VIP, PACAP, and the VPAC2
receptor may all contribute to the regulation of ADNP gene expression in the

developing astrocyte ( Zusev and Gozes, 2004 ).

Parallel studies by the discoverer of PACAP, the late Akira Arimura, showed
that when PACAP38 was added to mouse neuroglial cultures, it induced
ADNP mRNA expression in a bimodal fashion at subpico- and nanomolar
concentrations with greater response at subpicomolar level. The response
was attenuated by a PAC1 receptor antagonist at both concentrations and by

a VPAC1 receptor antagonist at nanomolar concentration only. An IP3/PLC
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inhibitor attenuated the response at both concentrations of PACAP38, but a
MAPK inhibitor had no effect. A PKA inhibitor suppressed the response at
nanomolar concentration only. The findings suggest that ADNP expression is
mediated through multiple receptors and signaling pathways that are

regulated by different concentrations of PACAP ( Nakamachi et al., 2006 ) as

well as VIP. A further study showed that ADNP-immunoreactive cells in the
cerebral cortex were multi-polar-shaped and co-immunostained with the
astrocyte marker, glial fibrillary acidic protein (GFAP). ADNP-immunoreactive
cells in the cerebellum were found to surround Purkinje cells and showed
GFAP immunoreactivity. In contrast, ADNP-immunoreactive cells in the
hippocampus and septum were round in shape and co-immunostained with
neuron-specific enolase (NSE). Importantly, all of the ADNP-immunopositive
cells co-localized with PAC1 immunoreactivity. The observations suggest that
ADNP is expressed in both astrocytes and neurons, and that ADNP

expression may be regulated in part by PACAP ( Nakamachi et al., 2008 ).

Using bioinformatics analysis, we have identified an ADNP family member

which we have named, ADNP2 ( Zamostiano et al., 2001 ; Kushnir et al.,

2008 ).

To evaluate the impact of VIP expression in vivo on ADNP and the related
protein ADNP2, we examined gene expression in adult wild-type (VIP+/+)
and VIP null (VIP—/-) offspring of VIP deficient mothers (VIP+/—) comparing
them to wild-type offspring of wild-type mothers. Quantitative real time
polymerase chain reaction (PCR) revealed regionally specific reductions of

ADNP mRNA in the brains of VIP—/— mice compared with the brains of wild-
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type offspring of a wild-type mother. ADNP was significantly reduced in the
cortex and hypothalamus of VIP—/— mice, but not in the hippocampus or
thalamus. ADNP2 exhibited a similar pattern but reached a statistically
significant reduction only in the hypothalamus. The RNA transcripts for ADNP
and ADNP2 also tended to be reduced in the cortex and hippocampus of the
wild-type littermates of the VIP—/— mice, indicating that the VIP genotype of
the mother may have had an impact on the ADNP expression of her
offspring, regardless of their own VIP genotype. Thus, VIP regulates brain
ADNP expression in a regionally specific manner and both maternal and
offspring VIP genotype may influence ADNP expression in the brain ( Giladi et

al., 2007 ).

Clinical Implications

Recent genetic studies titled: duplications of the neuropeptide receptor gene
VPAC2 confer significant risk for schizophrenia implicated the VPAC2
receptor in susceptibility to schizophrenia. Further studies implicated the
PAC1 receptor and PACAP in post-traumatic stress disorder as recently

reviewed ( Harmar et al., 2012 ).

In this respect, we found deregulation of ADNP/ADNP2 in the postmortem

hippocampus of schizophrenia patients ( Dresner et al., 2011 ) and

correlated with disease duration.

Other findings associated reduced ADNP expression to the progression of

multiple sclerosis and increased pro-inflammatory markers ( Braitch et al.,

2009 ), and potential modulation by the ADNP derived drug candidate

davunetide (NAP).
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While VIP may present a dual function in the regulation of multiple sclerosis (

Abad et al., 2010 ; Loh et al., 2011 ), it should be borne in mind that ADNP

regulation, while in part associated with VIP and PACAP, is regulated by other
control mechanisms. While VIP knockout exhibited a subtle phenotype (e. g.,

Abad et al., 2010 ; Loh et al., 2011 ) and VIP over expression, eventually led

to down-regulation of activity with learning deficits ( Gozes et al., 1993 ),
ADNP knockout is lethal at embryonic time of brain formation, implicating

ADNP as crucial for brain formation ( Pinhasov et al., 2003 ; Mandel et al.,

2007 ). Interestingly, VIP is suggested as a growth factor to the developing

embryo ( Gressens et al., 1993 , 1994 ). Furthermore, partial ADNP

deficiency leads to cognitive and social dysfunction ( Vulih-Shultzman et al.,

2007 ), similar to partial deficiency in VIP functions ( Glowa et al., 1992 ;

Gozes et al., 1993 ; Hill et al., 2007 ). This deficiency can be also associated

with deficiency at the cellular level, with ADNP knockdown (or partial

deficiency) associated with blocked neurite outgrowth ( Mandel et al., 2008 )

and reduced glial neurotrophic milieu ( Pascual and Guerri, 2007 ; Vulih-

Shultzman et al., 2007 ) and with VIP blockade resulting in neuronal damage

( Hill et al., 1994 ) and inhibition of synaptogenesis ( Blondel et al., 2000 ).

In the case of ADNP, davunetide, an eight amino acid peptide snippet of
ADNP is in phase 2/3 clinical trials in a severe neurodegeneration,

progressive supranuclear palsy (PSP) ( Gold et al., 2012 ).

Future Perspective

While this review focused on VIP and ADNP, from my point of view, it should

be taken into consideration that we have developed a family of peptide

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/



Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 9

hybrids/fragments and lipophilic VIP analogs, agonists and antagonists (

Gozes et al., 1995 ), with activities ranging from

neurtrophism/neurodevelopment neuroprotection ( Gozes et al., 1999 ) to

stimulation of sexual/social function and cancer growth inhibition. The
precise GPCR involvement in these analogues activities remains to be

elucidated ( Gourlet et al., 1998 ; Moody et al., 2002 ). Interestingly, ADNP

expression was shown to be reduced as a consequence of ischemia in tissue
culture, and this was inhibited by treatment with the neuroprotective

lypophilic VIP analog Stearyl-Norleucinel7 VIP(7-28) (SNV) ( Sigalov et al.,

2000 ), awaiting future development.

Acknowledgments

Current support is provided by AMN Foundation, Canadian Friends of Tel Aviv
University—Montreal Circle of Friends, Joe and Grace Alter, Barbara and Don
Seal, the Oberfeld family, the Adams family and Allon Therapeutics Inc. lllana
Gozes is the incumbent of the Professorial Lily and Avraham Gildor Chair for
the Investigation of Growth Factors, and the Director of the Adams Super

Center for Brain Studies, and the Elton Laboratory at Tel Aviv University.

References
Abad, C., Tan, Y. V., Lopez, R., Nobuta, H., Dong, H., Phan, P., et al. (2010).

Vasoactive intestinal peptide loss leads to impaired CNS parenchymal T-cell
infiltration and resistance to experimental autoimmune encephalomyelitis.

Proc. Natl. Acad. Sci. U. S. A. 107, 19555-19560.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1073/pnas.1007622107
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=20978211
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20978211

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 10

Ashur-Fabian, O., Giladi, E., Brenneman, D. E., and Gozes, I. (1997).
Identification of VIP/PACAP receptors on rat astrocytes using antisense

oligodeoxynucleotides. J. Mol. Neurosci . 9, 211-222.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Bassan, M., Zamostiano, R., Davidson, A., Pinhasov, A., Giladi, E., Perl, O., et
al. (1999). Complete sequence of a novel protein containing a femtomolar-

activity-dependent neuroprotective peptide. /. Neurochem . 72, 1283-1293.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Blondel, O., Collin, C., McCarran, W. J., Zhu, S., Zamostiano, R., Gozes, I|., et
al. (2000). A glia-derived signal regulating neuronal differentiation. /.

Neurosci . 20, 8012-8020.

Pubmed Abstract | Pubmed Full Text

Bodner, M., Fridkin, M., and Gozes, I. (1985). Coding sequences for
vasoactive intestinal peptide and PHM-27 peptide are located on two
adjacent exons in the human genome. Proc. Natl. Acad. Sci. U. 5. A . 82,

3548-3551.

Pubmed Abstract | Pubmed Full Text

Braitch, M., Kawabe, K., Nyirenda, M., Gilles, L. J., Robins, R. A., Gran, B., et
al. (2009). Expression of activity-dependent neuroprotective protein in the
immune system: possible functions and relevance to multiple sclerosis.

Neuroimmunomodulation 17, 120-125.

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=2987932
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2987932
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=11050122
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11050122
http://dx.doi.org/10.1046/j.1471-4159.1999.0721283.x
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=10037502
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10037502
http://dx.doi.org/10.1007/BF02800503
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=9481622
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=9481622

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 11

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Brenneman, D. E., and Gozes, I. (1996). A femtomolar-acting neuroprotective

peptide. J. Clin. Invest . 97, 2299-2307.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Brenneman, D. E., Neale, E. A., Foster, G. A., d'Autremont, S. W., and
Westbrook, G. L. (1987). Nonneuronal cells mediate neurotrophic action of

vasoactive intestinal peptide. J. Cell Biol . 104, 1603-1610.

Pubmed Abstract | Pubmed Full Text

Card, J. P., Fitzpatrick-McElligott, S., Gozes, I., and Baldino, F. Jr. (1988).
Localization of vasopressin-, vasoactive intestinal polypeptide-, peptide
histidine isoleucine- and somatostatin-mRNA in rat suprachiasmatic nucleus.

Cell Tissue Res . 252, 307-315.

Pubmed Abstract | Pubmed Full Text

Dresner, E., Agam, G., and Gozes, |. (2011). Activity-dependent
neuroprotective protein (ADNP) expression level is correlated with the
expression of the sister protein ADNP2: deregulation in schizophrenia. Eur.

Neuropsychopharmacol . 21, 355-361.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Furman, S., Steingart, R. A., Mandel, S., Hauser, J. M., Brenneman, D. E., and
Gozes, I. (2004). Subcellular localization and secretion of activity-dependent

neuroprotective protein in astrocytes. Neuron Glia Biol . 1, 193-199.

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1016/j.euroneuro.2010.06.004
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=20598862
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20598862
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=2898292
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2898292
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=3584242
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=3584242
http://dx.doi.org/10.1172/JCI118672
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=8636410
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8636410
http://dx.doi.org/10.1159/000258695
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=19923857
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19923857

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 12

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Giladi, E., Hill, J. M., Dresner, E., Stack, C. M., and Gozes, |. (2007).
Vasoactive intestinal peptide (VIP) regulates activity-dependent
neuroprotective protein (ADNP) expression in vivo . J. Mol. Neurosci . 33,

278-283.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Glowa, J. R., Panlilio, L. V., Brenneman, D. E., Gozes, I., Fridkin, M., and Hill, J.
M. (1992). Learning impairment following intracerebral administration of the

HIV envelope protein gpl120 or a VIP antagonist. Brain Res . 570, 49-53.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gold, M., Lorenzl, S., Stewart, A. J., Morimoto, B. H., Williams, D. R., and
Gozes, I. (2012). Critical appraisal of the role of davunetide in the treatment

of progressive supranuclear palsy. Neuropsychiatr. Dis. Treat 8, 85-93.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gourlet, P., Rathe, J., De Neef, P., Cnudde, ., Vandermeers-Piret, M. C.,
Waelbroeck, M., et al. (1998). Interaction of lipophilic VIP derivatives with
recombinant VIP1/PACAP and VIP2/PACAP receptors. Eur. J. Pharmacol . 354,

105-111.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gozes, I. (2007). Activity-dependent neuroprotective protein: from gene to

drug candidate. Pharmacol. Ther. 114, 146-154.

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1016/S0014-2999(98)00435-X
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=9726637
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=9726637
http://dx.doi.org/10.2147/NDT.S12518
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=22347799
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22347799
http://dx.doi.org/10.1016/0006-8993(92)90562-N
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=1617429
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=1617429
http://dx.doi.org/10.1007/s12031-007-9003-0
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17952637
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17952637
http://dx.doi.org/10.1017/S1740925X05000013
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=16845437
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16845437

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 13

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gozes, I. (2008). VIP, from gene to behavior and back: summarizing my 25

years of research. J. Mol. Neurosci . 36, 115-124.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gozes, I., Glowa, J., Brenneman, D. E., McCune, S. K., Lee, E., and Westphal,
H. (1993). Learning and sexual deficiencies in transgenic mice carrying a

chimeric vasoactive intestinal peptide gene. J. Mol. Neurosci . 4, 185-193.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gozes, |, Lilling, G., Glazer, R., Ticher, A., Ashkenazi, |. E., Davidson, A., et al.
(1995). Superactive lipophilic peptides discriminate multiple vasoactive

intestinal peptide receptors. J. Pharmacol. Exp. Ther. 273, 161-167.

Pubmed Abstract | Pubmed Full Text

Gozes, I., McCune, S. K., Jacobson, L., Warren, D., Moody, T. W., Fridkin, M.,
et al. (1991). An antagonist to vasoactive intestinal peptide affects cellular
functions in the central nervous system. J. Pharmacol. Exp. Ther . 257, 959-

966.

Pubmed Abstract | Pubmed Full Text

Gozes, I., Perl, O., Giladi, E., Davidson, A., Ashur-Fabian, O., Rubinraut, S., et
al. (1999). Mapping the active site in vasoactive intestinal peptide to a core
of four amino acids: neuroprotective drug design. Proc. Natl. Acad. Sci. U. S.

A .96, 4143-4148.

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=1646331
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=1646331
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=7714762
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=7714762
http://dx.doi.org/10.1007/BF02782501
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=8292491
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8292491
http://dx.doi.org/10.1007/s12031-008-9105-3
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=18607776
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18607776
http://dx.doi.org/10.1016/j.pharmthera.2007.01.004
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17363064
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17363064

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 14

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gozes, I., Shani, Y., and Rostene, W. H. (1987). Developmental expression of

the VIP-gene in brain and intestine. Brain Res . 388, 137-148.

Pubmed Abstract | Pubmed Full Text

Gressens, P., Hill, J. M., Gozes, I., Fridkin, M., and Brenneman, D. E. (1993).
Growth factor function of vasoactive intestinal peptide in whole cultured

mouse embryos. Nature 362, 155-158.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Gressens, P., Hill, J. M., Paindaveine, B., Gozes, I., Fridkin, M., and
Brenneman, D. E. (1994). Severe microcephaly induced by blockade of
vasoactive intestinal peptide function in the primitive neuroepithelium of the

mouse. J. Clin. Invest . 94, 2020-2027.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Harmar, A. )., Fahrenkrug, J., Gozes, I., Laburthe, M., May, V., Pisegna, J. R., et
al. (2012). Pharmacology and functions of receptors for vasoactive intestinal
peptide and pituitary adenylate cyclase-activating polypeptide: IUPHAR

review 1. Br. /. Pharmacol . 166, 4-17.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Harmar, A. J., Marston, H. M., Shen, S., Spratt, C., West, K. M., Sheward, W. J.,
et al. (2002). The VPAC(2) receptor is essential for circadian function in the

mouse suprachiasmatic nuclei. Cel// 109, 497-508.

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1111/j.1476-5381.2012.01871.x
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=22289055
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22289055
http://dx.doi.org/10.1172/JCI117555
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=7962548
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=7962548
http://dx.doi.org/10.1038/362155a0
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=8383805
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8383805
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=2441796
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2441796
http://dx.doi.org/10.1073/pnas.96.7.4143
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=10097177
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10097177

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 15

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Hill, J. M., Hauser, J. M., Sheppard, L. M., Abebe, D., Spivak-Pohis, I., Kushnir,
M., et al. (2007). Blockage of VIP during mouse embryogenesis modifies
adult behavior and results in permanent changes in brain chemistry. J. Mol.

Neurosci . 31, 183-200.

Pubmed Abstract | Pubmed Full Text

Hill, J. M., Mervis, R. F., Politi, J., McCune, S. K., Gozes, I., Fridkin, M., et al.
(1994). Blockade of VIP during neonatal development induces neuronal
damage and increases VIP and VIP receptors in brain. Ann. N. Y. Acad. Sci .

739, 211-225.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Kushnir, M., Dresner, E., Mandel, S., and Gozes, I. (2008). Silencing of the
ADNP-family member, ADNP2, results in changes in cellular viability under

oxidative stress. J. Neurochem . 105, 537-545.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Loh, D. H., Dragich, J. M., Kudo, T., Schroeder, A. M., Nakamura, T. |J.,
Waschek, J. A., et al. (2011). Effects of vasoactive intestinal peptide
genotype on circadian gene expression in the suprachiasmatic nucleus and

peripheral organs. J. Biol. Rhythms 26, 200-209.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1177/0748730411401740
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=21628547
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21628547
http://dx.doi.org/10.1111/j.1471-4159.2007.05173.x
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=18179478
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18179478
http://dx.doi.org/10.1111/j.1749-6632.1994.tb19823.x
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=7832475
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=7832475
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17726225
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17726225
http://dx.doi.org/10.1016/S0092-8674(02)00736-5
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=12086606
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=12086606

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 16

Mandel, S., Rechavi, G., and Gozes, I. (2007). Activity-dependent
neuroprotective protein (ADNP) differentially interacts with chromatin to

regulate genes essential for embryogenesis. Dev. Biol. 303, 814-824.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Mandel, S., Spivak-Pohis, 1., and Gozes, I. (2008). ADNP differential
nucleus/cytoplasm localization in neurons suggests multiple roles in neuronal

differentiation and maintenance. J. Mol. Neurosci . 35, 127-141.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Moody, T. W., Jensen, R. T., Fridkin, M., and Gozes, I. (2002). (N-stearyl,
norleucinel?) VIPhybrid is a broad spectrum vasoactive intestinal peptide

receptor antagonist. /. Mol. Neurosci . 18, 29-35.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Nakamachi, T., Li, M., Shioda, S., and Arimura, A. (2006). Signaling involved
in pituitary adenylate cyclase-activating polypeptide-stimulated ADNP

expression. Peptides 27, 1859-1864.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Nakamachi, T., Ohtaki, H., Yofu, S., Dohi, K., Watanabe, J., Hayashi, D., et al.
(2008). Pituitary adenylate cyclase-activating polypeptide (PACAP) type 1
receptor (PAC1R) co-localizes with activity-dependent neuroprotective

protein (ADNP) in the mouse brains. Regul. Pept . 145, 88-95.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1016/j.regpep.2007.09.025
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17942168
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17942168
http://dx.doi.org/10.1016/j.peptides.2006.01.007
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=16564114
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16564114
http://dx.doi.org/10.1385/JMN:%2018:%201-2:%2029
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=11931347
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11931347
http://dx.doi.org/10.1007/s12031-007-9013-y
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=18286385
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18286385
http://dx.doi.org/10.1016/j.ydbio.2006.11.039
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17222401
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17222401

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 17

Pascual, M., and Guerri, C. (2007). The peptide NAP promotes neuronal
growth and differentiation through extracellular signal-regulated protein
kinase and Akt pathways, and protects neurons co-cultured with astrocytes

damaged by ethanol. /. Neurochem . 103, 557-568.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Pilzer, I., and Gozes, I. (2006). VIP provides cellular protection through a
specific splice variant of the PACAP receptor: a new neuroprotection target.

Peptides 27, 2867-2876.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Pinhasov, A., Mandel, S., Torchinsky, A., Giladi, E., Pittel, Z., Goldsweig, A. M.,
et al. (2003). Activity-dependent neuroprotective protein: a novel gene

essential for brain formation. Brain Res. Dev. Brain Res . 144, 83-90.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Sigalov, E., Fridkin, M., Brenneman, D. E., and Gozes, I|. (2000). VIP-related
protection against lodoacetate toxicity in pheochromocytoma (PC12) cells: a

model for ischemic/hypoxic injury. J. Mol. Neurosci . 15, 147-154.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Vulih-Shultzman, I., Pinhasov, A., Mandel, S., Grigoriadis, N., Touloumi, O.,
Pittel, Z., et al. (2007). Activity-dependent neuroprotective protein snippet
NAP reduces tau hyperphosphorylation and enhances learning in a novel

transgenic mouse model. J. Pharmacol. Exp. Ther . 323, 438-449.

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1385/JMN:%2015:%203:%20147
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=11303779
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11303779
http://dx.doi.org/10.1016/S0165-3806(03)00162-7
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=12888219
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=12888219
http://dx.doi.org/10.1016/j.peptides.2006.06.007
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=16905223
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16905223
http://dx.doi.org/10.1111/j.1471-4159.2007.04761.x
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17623041
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17623041

Neuropeptide gpcrs in neuroendocrinology... - Paper Example Page 18

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Zamostiano, R., Pinhasov, A., Gelber, E., Steingart, R. A., Seroussi, E., Giladi,
E., et al. (2001). Cloning and characterization of the human activity-

dependent neuroprotective protein. /. Biol. Chem . 276, 708-714.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Zupan, V., Hill, J. M., Brenneman, D. E., Gozes, I., Fridkin, M., Robberecht, P.,
et al. (1998). Involvement of pituitary adenylate cyclase-activating
polypeptide Il vasoactive intestinal peptide 2 receptor in mouse neocortical

astrocytogenesis. J. Neurochem . 70, 2165-2173.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

Zusev, M., and Gozes, I. (2004). Differential regulation of activity-dependent
neuroprotective protein in rat astrocytes by VIP and PACAP. Regul. Pept .

123, 33-41.

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text

https://assignbuster.com/neuropeptide-gpcrs-in-neuroendocrinology-the-
case-of-activity-dependent-neuroprotective-protein-adnp/


http://dx.doi.org/10.1016/j.regpep.2004.05.021
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=15518891
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15518891
http://dx.doi.org/10.1046/j.1471-4159.1998.70052165.x
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=9572304
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=9572304
http://dx.doi.org/10.1074/jbc.M007416200
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=11013255
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11013255
http://dx.doi.org/10.1124/jpet.107.129551
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17720885
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17720885

	Neuropeptide gpcrs in neuroendocrinology: the case of activity-dependent neuropro...
	Vasoactive Intestinal Peptide (VIP): Neuroprotection and Synapse Formation
	VIP Receptors
	VIP Receptors and Neuroprotection, Our Point of View
	VIP Stimulate Astrocyte Secretion of Growth Factors
	GPCR Involvement in ADNP Expression
	Clinical Implications
	Future Perspective
	Acknowledgments
	References


