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Introduction

Seven transmembrane G Protein Coupled Receptors (GPCRs) are
one of the major classes of cell surface receptors and play a major role
through agonists and antagonists in human therapeutics [1]. GPCRs
are associated with a group of G proteins which consist of 3 subunits
termed alpha, beta and gamma. G proteins may be classified according
to their effector molecules of the alpha subunit, which in mammals
falls into several subtypes, Gas, Gai, Gal2 and Gaq. The Gaq family
consists of four subunits Gaq, Gall, Gal4 and Gal5/16. In contrast to
the protein kinase receptors which have intrinsic (kinase) enzymatic
activity, GPCRs do not have enzymatic activity-enzymatic activity
mediating signal transduction resides in the Ga proteins which have
GTPase activity [2]. Ga proteins exist in the GTP bound form. Ligand
initiated conformational changes in the GPCR causes the release of
bound Ga proteins. This dissociation initiates the GTPase activity,
hydrolyzing GTP to GDP which is released from the proteins and
allows alterative interactions leading to downstream signal
transduction. There are several downstream pathways of which the
best known is that resulting from the Gaq/11 dissociation from its
GPCR resulting in the activation of Phospholipase C-beta (PLC-p)
which leads to the hydrolysis of Phosphatidylinositol 4,5-bisphosphate
(PIP2) and the release of 1,4,5-Inositol tris phosphate (IP3) and
Diacylglycerol (DAG). The former initiates’ calcium release from the
sarcoplasmic reticulum and the latter activates several members of the
Protein Kinase C (PKC) family. As well as this classic paradigm,
GPCREs also transactivate cell surface transmembrane kinase receptors
of the protein tyrosine and protein serine/threonine kinase families
specific examples of which are the Epidermal Growth Factor Receptor
(EGFR) and Type I Transforming Growth Factor-f Receptor (TBRI),
respectively [3,4]. Transactivation of these polyfunctional receptors
enormously expands the range of GPCR responses to include cell
growth and the synthesis of multiple extracellular matrix components
and determines a role for GPCRs in physiology and pathophysiology
[5,6].

Although G proteins, especially Gaq/11, are central elements in
GPCR signalling for such important agonists as thrombin, endothelin
1 and angiotensin II, the actual role for Gagq/l11 has not been
extensively investigated. This is particularly so in the case of GPCR
mediated transactivation of cell surface kinase receptors where the
role, if it exists, of Gag/11 is essentially unknown. The key importance
of G proteins in GPCR effects is evident in the example where vascular
specific Gaq knockout mice have lower blood pressure allowing for
the possibility that a Gaq/11 antagonist might function as an anti-
hypertensive agent [7]. Although there are many classes of efficacious

anti-hypertensive agents there remains an appreciable proportion of
patients with therapy resistant hypertension suffering the
consequences of premature cardiovascular disease, therefore an
additional class of drug agents such as a Gaq/11 antagonist might be
suitable for such patients.

The reason for the restricted investigation of the role of Gag/11 in
cell biology and in vivo models relates to the limited and somewhat
obscure nature of the pharmacological agents which modulate Gaq/11
activity. There is not a readily available small molecule inhibitor which
interacts in the classical manner of time and concentration
dependence and reversibility of action. Some agents are natural
products whose availably has varied over the years. G proteins are also
amenable to molecular regulation and there is an important role for
such studies in the investigation of GPCR signalling [8]. This mini-
review seeks to explore and describe the range of pharmacological and
molecular agents available for the study of the role of Gaq/ Gall
(Gag/11) in GPCR signalling and seeks to ease the barriers to research
in this important area.

Pharmacological Agents which Inhibit Gaq/11

YM-254890

YM-254890 is a natural product derived from Chromobacterium
sp. QS3666 and it is a cyclic macropeptide [9]. YM-254890 is a specific
inhibitor of Gaq/11 and as such blocks the cycling of GDP/GTP
specifically blocking the release of GDP from the Ga protein [10-12].
It has been reported that YM-254890 can inhibit ADP-induced platelet
aggregation mediated by GPCRs: P2Y1 and P2Y12 where they are
associated with the Gq and Gi signalling pathways [9] however,
YM-254890 have no effect on P2Y12 hence its specificity for Gagq.

YM-254890 was discovered by Yamanouchi Pharmaceuticals and
was provided by the company for several years. The merging of
Yamanouchi Pharmaceuticals with Fujisawa Pharmaceuticals lead to
the formation of Astellas Pharmaceuticals in Japan which resulted in
the withdrawal of the compound of the market [11]. As mentioned
earlier, Gaq knockout mice have lower blood pressure than matched
controls so there is a potential for a Gaq inhibitor to be an anti-
hypertensive agent [7].

UBO-QIC

UBO-QIC, code named FR900359 was first discovered by the
pharmaceutical corporation, Fujisawa Pharmaceuticals. UBO-QIC is a
naturally derived agent extracted from Ardisia crenatasims [13]. The
roots of the Ardisia crenatasims plant have been used in Chinese
traditional medicine for the treatment of respiratory tract infections,
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tonsillitis and menstrual disorders. UBO-QIC is a cyclic depsipeptide
which inhibits platelet aggregation in rabbits, decreases blood pressure
and causes dose-related hypotension in anesthetized normotensive
rats [13]. UBO-QIC is an analogue of YM-254890 which blocks
Gagq/11 signalling by direct binding to this G protein and inhibiting
the release of GDP. UBO-QIC is reported to completely block Gaq/11
signalling at nanomolar concentrations in commonly used laboratory
cell lines; however the data on this is sparse.

There has been a limited study on the UBO-QIC compound since
its discovery as a Gagq inhibitor; however recently, new studies have
emerged regarding Gaq downstream signalling using UBO-QIC. L-
Orn IP1 and Ca+2 responses of transfected CHO cells was mediated
through Gaq activation, both these pathways were inhibited by UBO-
QIC [14].The PLC inhibitor, U73122, was used to further demonstrate
that L-Orn-induced IP1reponse was mediated through Gaq signalling.
In TRPV4 transfected HEK cells, UBO-QIC abolished PAR-2
mediated intracellular calcium release when compared to control and
non-transfected HEK cells, however UBO-QIC had no effect on the
extracellular calcium influx through TRPV4 ijon channels, thus
showing that PAR-2 coupling to TRPV4 is not mediated by Gaq
signalling [15]. Muscarinic M3 receptor induced Ca+2 signalling in
both non-transfected and CHO cells transfected with GB5-RGS7 is
dependent on a Gaq mediated but not Gai mediated mechanism [16].

GP-2A

The involvement of Gaq/11 activity in cellular signalling is not well
understood possibly because of the lack and nature of the
pharmacological agents as mentioned earlier. In a recent investigation
of a competitive Gag/11 antagonist, Tanski and colleagues [17]
discovered a peptide that selectively inhibits the action of Gag/11 by
M1 muscarinic cholinergic receptors called G Protein antagonist-2A,
also known as GP-2A. GP-2A targeted Gaq/11subunit in the presence
of angiotensin II in rat pulmonary artery smooth muscle cells to
activate the Gag-coupled receptor which stimulates proliferation and
has a role in the development of intimal hyperplasia [17]. To elaborate,
the phosphorylation of Erk 1/2 can be mediated via PLC-B and the
transactivation of the EGFR, protein tyrosine kinase receptor pathway
lead to a decrease in cell proliferation [17]. Small molecules that
directly modulate G proteins have the potential to become therapeutic
agents [9]. Knowledge about the relationship between GP-2A and Gaq
is very limited; however, this discovery provides a key tool for studies
of the role of Gaq/11 in cell biology.

Agents Inhibiting Signalling Downstream of Gaq/11

As well as examining agents that inhibit Gaq/11, studies are
enhanced by the investigation of the signalling pathway downstream
of Gaq/11. In this situation it is desirable to show that the selected
agent inhibits a known signalling pathway as well as the pathway
under consideration. Furthermore, it is most likely that the GPCR
activation will lead to phenotypic modulation which can be identified
by a specific regulation of gene expression. Studies should follow down
the identified pathway from the Gaq/11 to downstream pathways and
ultimately the regulation of gene expression. Some of the agents that
can be used to investigate signalling immediately downstream of
Gagq/11 are discussed below.

Neomycin as an inhibitor of PLC-f activity

Neomycin is an antibiotic that binds to PIP2 and blocks the action
of PLC-f and thus inhibits the formation of IP3 and DAG. Neomycin
abolished the formation of IP3 in rat aortic smooth muscle cells in the
presence of ET-1 [18]. ET-1 influences the contraction in smooth
muscle cells to act via ET-A receptor to inhibit calcium mobilization
via the PLC pathway [18,19] indicating its importance on smooth
muscle contraction and cardiovascular disease.

Erk inhibitors

GPCRs generate phosphoErk from Erk via the transactivation of the
EGFR and the normal downstream signalling from this protein
tyrosine kinase receptor [20]. However, there is some evidence that
GPCR pathways lead to the phosphorylation of Erk which are not due
to the transactivation of EGFR. Such pathways can be identified by
assessing the level of phosphoErk in cells treated with GPCR agonists
in the presence of potent and specific EGFR antagonist, AG1478 [4].
The Erk signalling cascade can also be activated through direct
activation of Gagq signalling (Figure 1). Gaq activates PLC-p which
hydrolyses PIP2 to release DAG, a protein kinase C activator to
promote exchange of GDP to GTP to activate cRAF, MEK and Erk, the
core unit of the cascade [21]. The cRAF downstream pathway can also
be activated directly downstream of PIP2, which leads to IP3
production and the release of calcium activating other downstream
kinase pathways. This pathway downstream of PIP2 can also be
inhibited using a calcium chelator such as BAPTA-AM (Figure 1).To
enhance our knowledge on the role of Gaq in GPCR signalling, the
core unit of Erk signalling pathway could be investigated by using
selective inhibitor for PKC (RO-318425) or cRaf (ZM336372) or by
assessing Erk phosphorylation using UO126, FR180204 and PD98059
[22]. Although these compounds perform variably in multiple settings
in one example of a direct comparison, UO126 was the most
efficacious compound [22].
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Figure 1: Pharmacological agents for the inhibition of Gaq and
downstream signalling. Once activated by a GPCR agonist, Gaq
signalling activates Phospholipase C-beta (PLC-B), which
hydrolyses Phosphatidylinositol 4,5-bisphosphate (PIP2) leading to
the production of Inositol triphosphate (IP3) and Calcium (Ca+2)
activating Protein tyrosine kinase 2 (PYK2) which leads to proto-
oncogene tyrosine proteine kinase Src (c-Src) activating Ras
Guanine nucleotide exchange factors (Ras GEF) which leads to the
activation of MAPK signalling. PLC-B can also signal through
Diacylglycerol (DAG) which activates protein kinase C which then
leads to the activation of MAPK signalling.
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Molecular Approaches to the Modulation of Gaq/11

Ga Gene Knockdown using siRNA

Despite the very large number of GPCRs there are relatively few
studies that have used the potential of Gaq/11 gene knockdown by
siRNA to explore their roles in the signalling cascades. siRNA for
Gaq/11 knockdown are commercially available from numerous
companies in a variety of forms. These include pools of five~20
nucleotide target-specific siRNAs, pools of three to five lentiviral
vector plasmids or particles each encoding target-specific short hairpin
RNAs, or non-viral shRNAs specifically targeting Gaq/11 genes. One
of the first reported gene knockdown studies of Ga proteins was the
knockdown of Gaq and Gall gene expression using siRNA in HeLa
cells [23]. This work demonstrated an absolute requirement of Gaq/11
to stimulate histamine-mediated PLC activity. Silencing of Gaq or
Gall caused indistinguishable phenotypes, loss of half of histamine-
stimulated PLC activity, despite the fact that concentrations of Gall
exceed those of Gaq by 10-fold. No compensatory increases of either
Gaq or Gall were observed following loss of either protein. Loss of
Gagq or Gall did cause increased accumulation of Gai and Gao [23].
A study characterising the Ga subunits required for PAR1-mediated
endothelial cell permeability showed that both Gaq and Gall were
necessary for thrombin to increase permeability while the need for
Gal2/13 was less. Both protein subunit families contributed
significantly to RhoA activation by thrombin [24]. Knockdown of
Gag/11 in human pulmonary artery smooth muscle cells alters but
does not prevent hypoxia-induced mitogenic factor-mediated calcium
release demonstrating that Gaq/11 contributes to hypoxia-induced
PLC signalling pathway [25]. Clearly there is considerable scope to use
siRNA technology more often as a very useful tool in delineating the
importance of Ga proteins in G-protein coupled receptor signalling.

Conclusion

GPCRs are very important in cell biology for their role in classic
linear and kinase receptor transactivation signalling and their role in
physiology and pathophysiology. G proteins are intimate to the signal
transduction pathway of GPCRs but they have not been as extensively
investigated as their importance warrants mostly because of the
limited availability of classic pharmacological tools. In this mini-
review we have aggregated knowledge on the availability and actions of
multiple pharmacological agents which modulate Gaq/11activity and
also described studies involving G protein silencing by siRNA. This
situation might inform more studies of the role of Gaq/1lin cell
signalling and deepen our knowledge of the role of G proteins as
therapeutic targets. Nevertheless, a small molecule inhibitor is
required in this area and potentially a modern drug discovery program
directed at the YM-254890 or UBO-QIC structures might serve as a
starting point. The need for a potent and efficacious agent is
exemplified in the area of GPCR transactivation signalling where there
is very little knowledge of the role of G proteins either in the long
established transactivation of protein tyrosine kinase receptors or the
more recently identified transactivation of serine/threonine kinase
receptors [3,4,26]. The role of G proteins has not been described and
potentially a common G protein dependent mechanism might
represent a novel therapeutic target to block all of the responses
attributable to GPCR transactivation signalling [27]. The details in this
mini-review can inform such investigations.
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