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Abstract: “Pharmacoperones,” or Pharmacological chaperones correct the folding of
misfolded proteins, allowing them to go throughout the cell's quality-control system and
makes it correctly fold of a protein. In the distal convoluted tubule, and the collecting
ducts of the kidney the vasopressin type 2 receptors (V2R) is present as a G protein-
coupled receptor (GPCR), a seven-transmembrane protein. V2R normally responds to
vasopressin and activates mechanism that concentrates urine and maintains water
homeostasis. Mutation of the V2R which leads to mistrafficking of the receptor, which in
turn results in vasopressin unresponsive cells. This insufficiency leads to nephrogenic
diabetes insipidus (NDI). Recently, a novel aquaretic, Pharmacoperones - Tolvaptan, is a
selective, competitive = VPR2 antagonist used to targethyponatremia (low
blood sodium levels) associated with congestive cardiac failure (CCF), cirrhosis, and the
syndrome of inappropriate antidiuretic hormone (SIADH).
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“Pharmacoperones,” or Pharmacological
chaperones correct the folding of misfolded
proteins, allowing them to go throughout the cell's
quality-control system and makes it correctly fold of
a protein [1]. Chaperones are a heterogeneous class

assemblage of nascent polypeptides as well as
refolding of unfolded or misfolded proteins. During
mutations usually misfolding and misrouting of
protein which in turn causes various diseases,
pharmacoperones are one of the best therapeutic

of proteins that make correct folding and agents, since they correct this defect [2].
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Fig-1: Emphasizing misfolded proteins are retained in the cell (endoplasmic reticulum) and rescued by target-specific
pharmacoperone drugs (gray arrow) that correct misfolding and restore function. Redrawn from Conn et al.
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Protein folding and its importance: An
embryonic polypeptide chain is synthesized on the
ribosome and in the sequence of protein synthesis,
the most important folded state is polypeptide chain
undergoes through various chemical modification
till folding completes to the native state. The
chemical alteration regulates the final state,
movement, lifespan, or cellular position of protein.

Sometimes, the protein may not completely
reach to the native state, or it may get misfolded
before its completion to the native state. Some of the
factors to manipulate, such as misfolding consist of
defective chaperoning, genetic mutations which in
turn results in altered amino acid series, exposure to
heat, excesses of pH, cellular stress, and other
chemicals such as urea or guanidine hydrochloride
can interrupt the weak non-covalent bonds and
weaken the native conformation of protein [3].

Misfolding comes in contact with
hydrophobic domains on the protein, which makes
them tremendously wobbly and reactive. Once
misfolded, the proteins might go through either
denature with the help of chaperones or continue
misfolding of proteins, with formation of toxic
compounds, injurious consequences like aggregation
and accumulation of toxic composites, leading to cell
death especially neurodegenerative disorders such
as Parkinson's disease, Alzheimer's disease, and
prion disease [4]. Embryonic polypeptides,
misfolded protein are identified as atypical by the
cells’ highly efficient ‘Quality Control System’ (QCS)
in the Golgi apparatus/endoplasmic reticulum not
reaching to its native state e.g, receptors do not
reach to the plasma membrane, and enzymes do not
reach to the lysosome, i.e., they are misrouted. The
chaperones correct the folding defect, but if
unsuccessful, they generate an ‘Unfolded Protein
Response’ (UPR), thereby misfolded protein is
ubiquitinated and thereby proteasome or non-
proteasome degradation occurs. This avoids
accumulation of cytotoxic aggregates. Thus,
misfolding of proteins is ultimately cytotoxicity and
waste of proteins [5].

Recently, it has been identified that an
increase in the number of genetic defect of protein
synthesis because of lysosomal enzyme defects, ion
channel, or receptor are in fact, whereby the altered
amino acid series disturb with the suitable folding of
the protein to its native state. As an end result,
though functionally satisfactory, these proteins are
identified by the cellular QCS as anomalous and
disallowed from attainment their last site of action.
Such misrouting of functionally satisfactory proteins
results in the beginning of a whole group of
hereditary disorders that are now identified to be

‘Conformational Disorders [6]. Certain cases of
nephrogenic diabetes insipidus, cystic fibrosis,
familial hypocalciuric hypercalcemia, retinitis
pigmentosa, hypogonadotropic  hypogonadism,
obesity,  Hirschsprung’s  disease, congenital
hypothyroidism, and lysosomal storage disorders
are conformational disorders [7].

Pharmacoperones appear to be one of the
most promising therapeutic methods to target
conformational diseases. In contrast with chemical
chaperones, pharmacoperones have the advantage
of target binding to the misfolded protein, which
allows the advantageous (normal) degradation of
other misfolded proteins that necessitate being
eliminated from the cell as part of the normal
progression in synthesis of protein [8].

Mechanism of action of Pharmacoperones

In general, advantageous characteristics of
molecules that could function as pharmacoperones
for misfolded proteins consist of i. Ability to reach
physiologically adequate concentrations;
ii. Permeability of cell;iii Ability to reach and
intervene at the endoplasmic reticulum and/or post-
endoplasmic reticulum compartments where the
misfolded protein is retain; iv. Ability to remain
undegraded long enough to become constant the
target mutant; v. Specificity for the target protein;
and vi. To reversibly bind the misfolded protein, so
they may detach from the target molecule after its
localization at the exact cellular target (e.g., the
plasma membrane) or, alternatively, do not
competitively bind to the natural ligand binding site

[9].

Whereas, defective proteins can corrected
by Pharmacoperones allowing that the mutant could
get away from endoplasmic reticulum quality-
control system and transfer to the plasma
membrane or be interfering with its aggregation or
degradation [10]. The mechanisms by which
pharmacoperones stabilize and rescue plasma
membrane expression of the target receptor is still
provisionally and present information is mostly
based on imaginary guess of protein arrangement
and drug interactions. Two mechanisms have been
anticipated to give an explanation of the capability of
pharmacoperones to become stable misfolded
proteins [11]. Pharmacoperones may bind to and
increase the strength of the native or native-like
state of the target protein for which they have high
attraction than for intermediates, undeveloped
forms (i.e, non-native structures) or, alternatively,
they may bind to the fewer folded, non-native
folding intermediates and serve as a scaffold for the
following folding, raising the speed at which these
intermediates are transformed to the native form.
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This would prevent the protein from being
recognized by the endoplasmic reticulum quality-
control system as defective, allowing it to escape
degradation and promoting its transfer to the Golgi
apparatus for supplementary processing [12].

Role of Pharmacoperones in nephrogenic
diabetes insipidus (NDI)

In the distal convoluted tubule, and the
collecting ducts of the kidney the vasopressin type 2
receptors (V2R) is present as a G protein-coupled
receptor (GPCR), a seven-transmembrane protein
[13]. V2R normally responds to vasopressin and
activates mechanism that concentrates urine and
maintains water homeostasis. Mutation of the V2R
which leads to mistrafficking of the receptor, which
in turn results in vasopressin unresponsive cells.
This insufficiency leads to nephrogenic diabetes
insipidus (NDI) [14]. There are no drugs able to
reversing receptor-mediate misfolding coupled with
ND]J, and existing management options are limited to
alleviating symptoms. Whereas, 70 allelic variants or
mutations found in the V2R beyond 188 have been
reported to result in traffic-defective receptors [14].
The cell-based assay described here and in another

place incorporates the use of the L83Q mutation,
which leads to misfolded V2R and subsequently loss
of receptor function. While another mutants are
predicted to work, the alternative to use the L83Q
mutant for high-throughput screening (HTS) was
based on its ability to lead to NDI and because the
intensity of receptor function, when in the presence
of vasopressin, goes from basal (unrescued) to wild-
type (rescued) activity when previously treated with
the pharmacoperone [15].

Pharmacoperones are minute molecules
that go into cells and act as a “molecular scaffold” to
correct the folding of misfolded proteins [16].
SR121463, a pharmacoperone of V2R, has been
demonstrated by many labs to restore a mutated
V2R’s response to vasopressin. Notably, the binding
affinity of this molecule to V2R demonstrates
incredible selectivity and relatively constant low-
nanomolar Ki profiles, regardless of species tested.
SR121463 was also previously reported to be active
on at least eight NDI associated V2R mutants.
Unfortunately, this compound has the limitation of
also being a V2R antagonist, which limits its
potential for therapeutic translation [17].

LI R g L. 8 e Vasopressin
Cye-I'yvo-Pha-Gli-Asnp-Cya-Prd-ArgGly-NH)
e ] :
S OOEEEOEEOEEDODER0D -NH;
% Mutants
. Qo@ J
ﬁ‘ ] f /, extracellular
O T OE
' 0
&) ' d D @O OV @ .
Coap CR goy ooy 9o ceR,  Cooe
BOSH 0. Cogs g'o’o OA OO BCie
SOy G Ofbe oy O80m 808 (ot
Y BBe0 & ¥°  GaY &0 Besr
© y D Q i )
.‘,,0 (%) 8 A gOe &
G A h! (L) Q@ ) s
o o 5 o0 8 & )
& R © Ol Ge 2eE0 e
2 5 § @ I5CS
Sl & &
, 9699 G\o
& g Oeoooo
intraceluwlar o_ﬂ @ 090 oe
SCeed HooCcEEOPER

Fig-2: Vasopressin 2 receptor showing mutants associated with nephrogenic diabetes insipidus in black. The location
of L83Q and Y128S, the mutants used, are shown. The amino acid sequence of the naturally-occurring ligand,
vasopressin, is shown at the top. When there are multiple mutations at a single site, the number of mutations is noted
in a triangle. The mutants in this study are a blue circle so they stand out. Bernier et al
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A non-peptide antagonist has proved that
the pharmacoperones, there are conformational
defective GPCRs in which these drugs have been
beneficial in efficacy in rescuing function or
preventing an irregular buildup of the defective
molecule, (Satavaptan, Tolvaptan, Relcovaptan) [18].
About the V2R, it has been shown that distinct cell
membrane permeable antagonists effectively
rescue in vitro function of several misfolded, traffic-
defective mutants which in turn cause diabetes
insipidus in persons [19]. These findings are one of
the important since the majority (~70%) of V2R

mutations leading to disease are due to receptor
misrouting [20]. Recently, the effect of the
peptidomimetic V1,R/V2R antagonist SR49059 to
rescue function of R137H, W164S, and des!85-193 V2R
mutants in patients with nephrogenic diabetes
insipidus has been examined [21]. This short trial,
that had to be interrupted during the study as a
result of possible interference with the cytochrome
P450 metabolic pathway, formation of a drop of
urine production and intake of water as well as a
significant increase in urine osmolarity in response
to this particular compound [22].
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Fig-3.A) Representation of pharmacoperone rescue of mutant vasopressin receptor function. In wild-type V2R
responses, vasopressin initiates Gas activation of adenylate cyclase which increases the concentration of cAMP. Then
after cAMP binds to protein kinase A, and the regulatory subunits undergo a conformational change to release the
catalytic subunits. The free catalytic subunits then catalyze the transfer of the terminal phosphate of ATP to a protein
kinase A substrate, consuming ATP in the process. The level of remaining ATP is determined using the luciferase-
based ATP detection reagent. Luminescence is inversely proportional to cAMP levels. Thus, as cAMP concentration

increases, luminescence decreases. B) Untreated cells “no Dox” have an active Tet promoter resulting in expression of

a misfolded mutant protein. Upon treatment of the cells with vasopressin the pharmacoperone (SR121463), receptor

folding is corrected and function is rescued, resulting in a Gs-coupled response which is readily monitored. In “+ Dox”

cells, the Tet minus promoter is inactive and no protein is made, thus cells are non-responsive to SR121463 and V2R.
Janovick et al.

Examples of pharmacoperons are AVPR2
and its antagonists SR49059, SR121463, OPC31260,
and OPC41061 So far, there were only a few clinical
trials were conducted in which five patients were
treated with an antagonist SR49059 (Relcovaptan).
As a result of the clinical trial, decreased levels of
daily urine were observed. Vaptans class of drugs
(for example Tolvaptan) are used in the treatment of
hypernatremia. Their use in the treatment of NDI is
still in the research phase [23].

Recently, a novel aquaretic,
Pharmacoperones - Tolvaptan, is a
selective, competitive VPR2 antagonist used to

target hyponatremia (low blood sodium levels)
associated with congestive cardiac failure (CCF),
cirrhosis, and the syndrome of inappropriate
antidiuretic hormone (SIADH) [24]. Tolvaptan was
also in fast-track clinical trials for polycystic kidney
disease. In a 2004 clinical trial, tolvaptan was
administered with conventional diuretics, at the
time was distinguished that increase excretion of
excess fluids and improve blood sodium levels in
CCF patients without producing side effects such as
hypokalemia or hypotension and without producing
a side effect or adverse effect on renal function [25].
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