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(57) Abstract: This disclosure provides novel compositions, methods, and therapeutic uses related to modulators of a GPR68 gene
product. Some embodiments disclosed herein provide methods of modulating flow-mediated dilation (FMD) response or flow-mediated
outward remodeling (FMR) of small-diameter arteries, or reducing systemic vascular resistance (SVR) in a subject in need thereof
comprising administering a modulator of a GPR68 gene product to the subject. Some embodiments disclosed herein provide methods
of treating a cardiovascular disease in a subject in need thereof comprising administering a pharmaceutical composition comprising a

modulator of a GPR68 gene product to the subject.
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MODULATORS OF GPR68 AND USES THEREOF FOR TREATING AND PREVENTING DISEASES

[0001] This application claims the benefit of U.S. Provisional Application No. 62/625,782
filed on February 2, 2018, the content of which is hereby incorporated by reference in its

entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on January 31, 2019, is named PAT058065-WO-PCT_SL.ixt and is 192,981
bytes in size.

TECHNICAL FIELD

[0003] The present invention provides methods, compositions, and therapeutic uses
related to modulators of a GPR68 gene product for the treatment and prevention of diseases,
such as cardiavascular diseases and liver fibrosis.

BACKGROUND

[0004] Mechanotransduction is the central feature of many biological systems, including
the sensing of touch and pain, hearing, cardiovascular dynamics, as well as turgor pressure
sensing in bacteria. A number of membrane proteins capable of sensing acute mechanical
forces have been identified, including the mechanosensitive ion channels MscL and MscS in
bacteria, the DEGenerin/Epithelial Na* Channel (DEG/ENaC) MEC-4, MEC-10 and Transient
Receptor Potential channel TRP-4 in C.elegans, and the transient receptor potential (TRP) ion
channel NOMPC in Drosophila (Driscoll and Chalfie, 1991; Huang and Chalfie, 1994; Levina et
al., 1999; Sukharev et al., 1994; Walker et al., 2000; Yan et al., 2013).

[0005] In vertebrates, the identity of mechanosensitive receptors has been more elusive.
First identified in mammals, Piezos are a family of mechanically-activated (MA) ion channels
conserved through evolution (Coste et al., 2010). Piezos are activated by disparate forms of
mechanical forces, including indentation, stretch, and fluid shear stress. Consistent with this
broad sensitivity to mechanical forces, Piezos play crucial roles in various physiological settings
relevant to mechanotransduction. For example, Piezo1 can be activated by fluid shear stress

and is required for vascular development and function in mice, while Piezo2 is essential for
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somatosensation (Li et al., 2014; Lukacs et al., 2015; Nonomura et al., 2017; Ranade et al.,
2014; Retailleau et al., 2015; Wang et al., 2016; Woo et al., 2014). Transmembrane channel-like
(TMC) 1 and 2, as well as tetraspan membrane protein of hair cell stereocilia (TMHS) are crucial
components of the mechanotransduction channel in hair cells of the mammalian inner ear (Pan
et al., 2013; Xiong et al., 2012); however, whether these proteins constitute the pore-forming
subunit of this complex remains unsettled. Mammalian TRP channels have diverse sensory
roles, though none of them are bona fide mechanically-activated channels, with the possible
exception of TRPV4. While mechanical indentation and membrane stretch does not activate
TRPV4, elastomeric pillar array mediated membrane stretch leads to channel activation (Rocio
Servin-Vences et al., 2017). Mechanosensitive potassium ion channels have been proposed to
play a role in negatively modulating the cationic mechanotransduction signal in neurons and in
mechanoprotection (Dedman et al., 2009; Hao et al., 2013). In addition, a number of G protein-
coupled receptors (GPCRs) have been proposed as mechanosensors, including Angiotensin
receptor type 1 (AGTR1), bradykinin receptor B2 (BDKRB2) and parathyroid hormone 1
receptor (PTH1R) (Chachisvilis et al., 2006; Mederos y Schnitzler et al., 2008; Zhang et al.,
2009). However, evidence that these GPCRs are both necessary and sufficient for acute
mechanotransduction in an in vivo setting is lacking.

[00086] Despite recent progress, the molecular identities of various mechanosensors
remain elusive. For example, the identity of high-threshold mechanically activated ion channel
present in sensory neurons responsible for pain transduction is unknown. Furthermore, acute
shear stress imposed by blood flow on vessel endothelial cells induces diverse downstream
signaling events, most notably the phospholipase C (PLC)-dependent increase in intracellular
calcium concentrations (Ishida et al., 1997; Melchior and Frangos, 2012). Piezo1 activation is
shown to induce ATP release and P2y2 activation in endothelial cells, and is responsible for
flow-sensitive non-selective cationic currents that depolarize the membrane (Retailleau et al.,
2015; Rode et al., 2017; Wang et al., 2016). However, whether this is the only mechano-
signaling system is unclear. Finally, many cell types within bone, muscle, lung, kidney, eye, and
other tissues respond to mechanical stimuli through unknown mechanisms (Jaalouk and
Lammerding, 2009).

SUMMARY OF THE INVENTION

[0007] Some embodiments disclosed herein provide methods of modulating flow-
mediated dilation (FMD) response or flow-mediated outward remodeling (FMR) of small-
diameter arteries in a subject in need thereof comprising administering a modulator of a GPR68
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gene product to the subject. In some embodiments, the modulator is an antagonist or an agonist
of the GPR68 gene product. In some embodiments, the subject being treated has an abnormal
vessel dilation and constriction response. In some embodiments, the abnormal vessel dilation
and constriction response is associated with endothelial dysfunction. In some embodiments, the
endothelial dysfunction is associated with vascular disorder, peripheral arterial disease, heart
failure, hypertension, hypercholesterolemia, diabetes, septic shock, Behcet's disease, exposure
to smoking tobacco products, exposure to air pollution, or a combination thereof. In some
embodiments, the modulator of the GPR68 gene product is selected from the group consisting
of a small molecule compound, an antibody, a nucleic acid molecule, a protein, and a
combination thereof. In some embodiments, the nucleic acid molecule is selected from the
group consisting of an antisense oligonucleotide, a guide RNA, a ribozyme, an aptamer, and a
small interfering RNA. In some embodiments, the subject is a human. In some embodiments,
the methods further comprise measuring the vessel dilation response of the subject. In some
embodiments, the measuring the vessel dilation response comprises brachial artery ultrasound
imaging (BAUI).

[0008] Some embodiments disclosed herein provide methods of reducing systemic
vascular resistance (SVR) in a subject in need thereof comprising administering a modulator of
a GPR68 gene product to the subject. In some embodiments, the modulator is an antagonist or
an agonist of the GPR68 gene product. In some embodiments, the subject being treated has an
abnormal SVR. In some embodiments, the abnormal SVR is associated with peripheral arterial
disease, heart failure, hypertension, hypercholesterolemia, diabetes, septic shock, or a
combination thereof. In some embodiments, the modulator of the GPR68 gene product is
selected from the group consisting of a small molecule compound, an antibody, a nucleic acid
molecule, a protein, and a combination thereof. In some embodiments, the nucleic acid
molecule is selected from the group consisting of an antisense oligonucleotide, a guide RNA, a
ribozyme, an aptamer, and a small interfering RNA. In some embodiments, the subject is a
human. In some embodiments, the methods further comprise measuring the SVR of the subject.
In some embodiments, the measuring the SVR comprises measuring blood pressure (BP), heart
rate (HR), stroke volume (SV), or a combination thereof. In some embodiments, the SVR of the
subject is reduced by about 10% to about 50%.

[0009] Some embodiments disclosed herein provide methods of treating a cardiovascular
disease in a subject in need thereof comprising administering a pharmaceutical composition
comprising a modulator of a GPR68 gene product to the subject. In some embodiments, the
modulator is an antagonist or an agonist of the GPR68 gene product. In some embodiments,



WO 2019/150309 PCT/IB2019/050799

the cardiovascular disease is selected from the group consisting of congestive heart failure
(CHF), peripheral artery disease, stroke, diabetic nephropathy, and renal hypertension. In some
embodiments, the CHF comprises HF with reduced ejection fraction (aka HF due to left
ventricular dysfunction) or HF with preserved ejection fraction (HFpEF) (aka diastolic HF or HF
with normal ejection fraction). In some embodiments, the CHF is associated with a coronary
artery disease selected from myocardial infarction (heart attack), high blood pressure, atrial
fibrillation, and valvular heart disease, excess alcohol use, infection, or cardiomyopathy of an
unknown cause. In some embodiments, the modulator of the GPR68 gene product reduces the
SVR or the left ventricle afterload of the subject. In some embodiments, the SVR or the left
ventricle afterload of the subject is reduced by about 10% to about 50%. In some embodiments,
the methods further comprise diagnosing the cardiovascular disease in the subject. In some
embodiments, the cardiovascular disease is diagnosed based on the history of the symptoms,
physical examination, echocardiography, blood test, electrocardiography, chest radiography, or
a combination thereof. In some embodiments, the modulator of the GPR68 gene product is
selected from the group consisting of a small molecule compound, an antibody, a nucleic acid
molecule, a protein, and a combination thereof. In some embodiments, the nucleic acid
molecule is selected from the group consisting of an antisense oligonucleotide, a guide RNA, a
ribozyme, an aptamer, and a small interfering RNA. In some embodiments, the subject is a
human. In some embodiments, the methods further comprise administering an angiotensin
converting enzyme (ACE) inhibitor, an angiotensin receptor blocker (ARB), a -adrenergic
receptor blocker, or a diuretics to the subject.

[0010] Some embodiments disclosed herein provide modulators of a GPR68 gene product
for use as a medicament for the treatment of a cardiovascular disease in a subject in need
thereof. In some embodiments, the modulator is an antagonist or an agonist of the GPR68 gene
product. In some embodiments, the cardiovascular disease is selected from the group
consisting of congestive heart failure (CHF), peripheral artery disease, stroke, diabetic
nephropathy, and renal hypertension. In some embodiments, the CHF comprises HF with
reduced ejection fraction (aka HF due to left ventricular dysfunction) or HF with preserved
gjection fraction (HFpEF) (aka diastolic HF or HF with normal ejection fraction). In some
embodiments, the CHF is associated with a coronary artery disease selected from myocardial
infarction (heart attack), high blood pressure, atrial fibrillation, and valvular heart disease,
excess alcohol use, infection, or cardiomyopathy of an unknown cause. In some embodiments,
the modulator of the GPR68 gene product reduces the SVR or the left ventricle afterload of the
subject. In some embodiments, the SVR or the left ventricle afterload of the subject is reduced
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by about 10% to about 50%. In some embodiments, the treatment further comprises diagnosing
the cardiovascular disease in the subject. In some embodiments, the cardiovascular disease is
diagnosed based on the history of the symptoms, physical examination, echocardiography,
blood test, electrocardiography, chest radiography, or a combination thereof. In some
embodiments, the modulator of the GPR68 gene product is selected from the group consisting
of a small molecule compound, an antibody, a nucleic acid molecule, a protein, and a
combination thereof. In some embodiments, the nucleic acid molecule is selected from the
group consisting of an antisense oligonucleotide, a guide RNA, a ribozyme, an aptamer, and a
small interfering RNA. In some embodiments, the subject is a human. In some embodiments,
the treatment further comprises administering an angiotensin converting enzyme (ACE)
inhibitor, an angiotensin receptor blocker (ARB), a B-adrenergic receptor blocker, or a diuretics
to the subject.

[0011] Some embodiments disclosed herein provide modulators of a GPR68 gene product
in the manufacture of a medicament for the treatment of a cardiovascular disease in a subject in
need thereof. In some embodiments, the modulator is an antagonist or an agonist of the GPR68
gene product. In some embodiments, the cardiovascular disease is selected from the group
consisting of congestive heart failure (CHF), peripheral artery disease, stroke, diabetic
nephropathy, and renal hypertension. In some embodiments, the CHF comprises HF with
reduced ejection fraction (aka HF due to left ventricular dysfunction) or HF with preserved
gjection fraction (HFpEF) (aka diastolic HF or HF with normal ejection fraction). In some
embodiments, the CHF is associated with a coronary artery disease selected from myocardial
infarction (heart attack), high blood pressure, atrial fibrillation, and valvular heart disease,
excess alcohol use, infection, or cardiomyopathy of an unknown cause. In some embodiments,
the modulator of the GPR68 gene product reduces the SVR or the left ventricle afterload of the
subject. In some embodiments, the SVR or the left ventricle afterload of the subject is reduced
by about 10% to about 50%. In some embodiments, the treatment further comprises diagnosing
the cardiovascular disease in the subject. In some embodiments, the cardiovascular disease is
diagnosed based on the history of the symptoms, physical examination, echocardiography,
blood test, electrocardiography, chest radiography, or a combination thereof. In some
embodiments, the modulator of the GPR68 gene product is selected from the group consisting
of a small molecule compound, an antibody, a nucleic acid molecule, a protein, and a
combination thereof. In some embodiments, the nucleic acid molecule is selected from the
group consisting of an antisense oligonucleotide, a guide RNA, a ribozyme, an aptamer, and a

small interfering RNA. In some embodiments, the subject is a human. In some embodiments,
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the treatment further comprises administering an angiotensin converting enzyme (ACE)
inhibitor, an angiotensin receptor blocker (ARB), a B-adrenergic receptor blocker, or a diuretics
to the subject.

[0012] Some embodiments disclosed herein provide methods of treating liver fibrosis in a
subject in need thereof comprising administering a pharmaceutical composition comprising an
antagonist of a GPR68 gene product to the subject. In some embodiments, the antagonist of the
GPRB68 gene product is selected from the group consisting of a small molecule compound, an
antibody, a nucleic acid molecule, a protein, and a combination thereof. In some embodiments,
the nucleic acid molecule is selected from the group consisting of an antisense oligonucleotide,
a guide RNA, a ribozyme, an aptamer, and a small interfering RNA. In some embodiments, the
subject is a human.

[0013] Some embodiments disclosed herein provide methods of identifying a modulator of
a GPR68 gene product comprising: providing a population of cells expressing a GPR68 gene
product; adding a library of candidate molecules to the population of cells; applying a shear
stress or an acidic shock to the population of cells; measuring the calcium transient in the
population of cells; and identifying a candidate molecule in a cell that shows enhanced/reduced
calcium transient in the cell. In some embodiments, the population of cells comprises
endothelial cells, such as mouse primary brain microvascular endothelial cells, or human
microvascular endothelial cells from brain, lung, bladder, or skin. In some embodiments, the
library of candidate molecules comprises a small molecule compound, an antibody, a nucleic
acid molecule, or a protein. In some embodiments, the shear stress comprises disturbed flow or
laminar flow. In some embodiments, the acidic shock comprises extracellular proton at pH 6.5.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGs. 1A-1G show construction and validation of high-throughput shear stress
stimulation system. FIG. 1A is a schematic representation of the disturbed flow stimulation
system. FIG. 1B is an exemplary drawing depicts the major components of the 384-well format
high-throughput disturbed flow stimulation system (left) and the bubble-relief geometry of the
stimulator pin (right). FIG. 1C shows a top view of HT disturbed flow system showing the
acoustic transducer assembly. FIG. 1D shows a bottom view of the HT system showing the 384-
pin array. FIG. 1E shows exemplary intracellular calcium levels of HelLa cells measured by
FLIPR, under 6.5 Pa shear stress stimulation in the presence of 2.5 mM EGTA or untreated
control. The viscosity of the assay buffer was increased to 8.37x10?° Pa's by adding PVP to 2%
(w/w). Disturbed flow (0.2 s on, 2 s off) was applied at 60 Hz for 40 s. Data was average of 48
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wells from 3 trials for each condition, plotted as mean + SEM. FIG. 1F shows exemplary
intracellular calcium levels of HelLa cells under the same disturbed flow stimulation after the
treatment of scrambled siRNA or hPIEZO1 siRNA. Data is average of 48 wells from 3 trials for
each condition, plotted as mean + SEM. FIG. 1G shows exemplary relative mRNA level of
PIEZO1 in HUVECs transfected with PIEZO1 siRNA compared with cells treated with scrambled
siRNA (n=3).

[0015] FIGs. 2A-2D show that MDA-MB-231 cells show PIEZO1- and PIEZO2-
independent shear stress-induced calcium transients. FIG. 2A shows exemplary responses of
various human cancer cell lines to shear stress induced by the high throughput disturbed flow
system. Shear stress was applied at 2 Pa, 60 Hz, with 0.2 s on, 2s off for 40 s. ** p<0.01 FIG.
2B shows exemplary response of MDA-MB-231 cells to shear stress at 2 Pa, measured by
FLIPR. The shear stress was applied for 4 s at 60 Hz by the HT disturbed flow system. EGTA
was added to the cells 2 min prior to the onset of shear stress. Thapsigargin was incubated with
cells for 15 min before the shear stress stimulation. FIG. 2C shows quantification of the MDA-
MB-231 cells’ response to shear stress in the presence of the EGTA and Thapsigargin. **
p<0.01. FIG. 2D shows quantification of the MDA-MB-231 cells’ response to shear stress 72 h
after transfection of PIEZO1 and PIEZO2 siRNA. n.s., not siginificant. All results are plotted as
mean + SEM.

[0016] FIG. 3 shows that transfecting human cell lines with PIEZO1 or PIEZO2 siRNA
significantly knocks down their respective mMRNA levels. Relative mRNA level of PIEZO1 and
PIEZO2 in MDA-MB-231 cells transfected with PIEZO1 siRNA or PIEZO2 siRNA compared with
cells transfected with scrambled siRNA (mean + SEM from 4 trials).

[0017] FIGs. 4A-4E show that GPR68 is necessary for shear stress-induced calcium
transients in MDA-MB-231 cells. FIG. 4A shows exemplary response of MDA-MB-231 cells
after treatment of siRNA against the indicated candidates. ** p<0.01 FIG. 4B shows
quantification of the MDA-MB-231 cells' response to shear stress after treatment with smartpool
siRNA oligos and the individual siRNA oligos against GPR68. ** p<0.01. FIG. 4C shows
exemplary response of MDA-MB-231 cells to proton stimulation at various final pH. The cells
were incubated with HBSS assay buffer at pH7.4 before the addition of the HBSS with various
pH values. Three trials. FIG. 4D shows exemplary response of MDA-MB-231 cells to proton
stimulation (final pH 6.5) after knocking down GPR68 by siRNA smartpool. FIG. 4E shows
exemplary response of MDA-MB-231 cells to shear stress stimulation in buffers with various pH.
The cells were incubated with assay buffer at pH7.4. The pH was then changed by adding
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buffer with various acidity 3 min prior to the onset of shear stress stimulation by the HT
disturbed flow system. All results are plotted as mean + SEM.

[0018] FIGs. 5A-5D show that GPR68 histidine mutant loses both acid sensitivity and
shear stress sensitivity. FIG. 5A shows that HEK-293T cells were transiently transfected with
pcDNAS5, GPR68 WT or GPR68 histidine mutant constructs. Acid or shear stress-induced
calcium transients were assayed 48h after transfection. For acid stimulation, the final pH was
pH6.5. For shear stress stimulation, a 4s pulse of 60 Hz disturbed flow at 2 Pa was applied to
the cells. Results were plotted as mean + SEM from 3 trials. FIGs. 5B-5C show assessment of
pH-sensitive fluorescent dye BCECF for measurement of extracellular and intracellular pH.
Upon addition of acid or base to cells to shift the buffer pH to various final pH (from pH6.5 to
pH8.3), BCECF fluorescence intensity changed accordingly, demonstrating that the dye is
sensitive to distinguish minute changes in pH. FIG. 5D shows that upon application of shear
stress, there’s no measurable change in BCECF fluorescence, indicating no changes in either
extracellular or intracellular pH. Traces are plotted as mean + SEM from two trials, 16 repeats
for each condition.

[0019] FIGs. 6 A-6K show that GPR68 is sensitive to shear stress imposed by both
disturbed and laminar flow in HEK-293T cells. FIG. 6A shows exemplary disturbed flow shear
stress-induced calcium transients in HEK-293T cells. HEK-293T cells were transfected with
human GPR68 or vector control 48 h before the assay. Disturbed flow was applied by the HT
system at 60 Hz for 4s (arrow indicates the onset of the flow). FIG. 6B shows quantification of
the amplitude of the calcium transients evoked by disturbed shear stress of increasing
intensities. n=3 wells per intensity tested. FIG. 6C shows quantification of the response of HEK-
293T cells to pH 6.5 stimulation and 2 Pa disturbed shear stress. ** p<0.01. FIG. 6D shows
quantification of the response of HEK-293T cells to 2 Pa disturbed shear stress in the presence
of 20 uM Cu?* and 10 pM U73122. Cu? and U73122was added to the assay buffer 2 min prior
to the start of disturbed flow. n.s., not significant. ** p<0.01. FIG. 6E shows exemplary shear
stress induced responses of HEK-293T cells transiently-transfected with various human and
mouse GPCRs. ** p<0.01. FIG. 6F shows exemplary agonist response of HEK-293T cells
transiently-transfected with various human and mouse GPCRs. ** p<0.01. The chemical
activators used were: pH 6.5 for human and murine GPR68, 0.5 uM Angiotensin Il for AGTR1,
0.5 uM [Arg®]-Vasopressin for AVPR1A, 0.5 uM Bradykinin for BDKRB2, 0.5 uM Acetylcholine
Chloride for CHRMS, 0.5 uM Endothelin | for EDNRA, 0.5 uM Histamine Dihydrochloride for
HRH1, 20 uM Parathyroid Hormone (1-34) for PTHR1, and 100 mM lactate for GPR132. FIG.
6G shows representative traces of intracellular calcium levels in HEK-293T cells transfected
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with mouse Gpr68-IRES-eGFP upon pulsatile laminar flow stimulation. Cells with GFP signal
were considered transfected and the GFP-negative ones were untransfected. Pulsatile laminar
flow was applied at 3.4 Pa, 1 Hz for 120 s. FIG. 6H shows quantification of the response of
HEK cells to pulsatile laminar flow. n=172 for MmGpr68 transfected and 165 for untransfected.
FIG. 61 shows representative traces of intracellular calcium levels in HEK-293T cells transfected
with mouse Gpr68-IRES-eGFP upon steady laminar flow stimulation. Steady laminar flow was
applied at 3.4 Pa for 120 s. FIG. 6J shows quantification of the response of HEK cells to steady
laminar flow. n=162 for MmGpr68 transfected and 183 for untransfected. FIG. 6K shows
exemplary responses of HEK-293T cells transfected with various putative mechanosensors to
steady laminar flow at 3.4 Pa. ** p<0.01. All results are plotted as mean + SEM.

[0020] FIGs. 7A-7F show that GPR68 expression is detected in endothelial cells of small-
diameter vessels. FIG. 7A shows an exemplary murine Gpr68 mRNA expression profile
determined by gRT-PCR. Gapdh was used as the reference gene. The expression levels were
normalized to spleen. Data was plotted as mean + SEM (n=2~3). FIG. 7B shows representative
images of colorimetric RNAscope in situ hybridization for Gpré8 vascular endothelial cells of
small diameter blood vessels in brain, pancreas and liver. Scale bars: 25 um. Arrows indicate
cells with positive signal. FIG. 7C shows a schematic diagram of the BAC transgenic construct
that is integrated in the genome of Gpré8 eGFP reporter mice. The blue A-box is the
homologous sequence that was used to guide recombination and insert eGFP after the start
codon of Gpr68. Poly-A sequence following the eGFP blocks the transcription of the
downstream genes within the construct (including Gpré8). pA: poly-A sequence; AmpR,
amplicilin-resistance genes; R6Ky, origin of DNA replication (AmpR and R6Ky are used in the
initial selection of BAC constructs). FIG. 7D shows an exemplary FACS plot of primary
endothelial cells isolated from the bladder of Gpr68 eGFP reporter mice. Cells that are positive
for CD31 and negative for CD45 are shown, and grouped in the GFP+ and GFP- populations.
FIG. 7E shows exemplary normalized RNA levels (RPKM) of Gpr68 and Piezo1 from the
RNAseq data of GFP+ and GFP- endothelial cells. Bladder cells from 3 batches of isolation and
sorting (10 mice in total) were pooled and subjected to RNAseq. FIG. 7F shows representative
images of GFP antibody staining in arteries of 1torder (19), 2" order (22), 3" order (3°) superior
mesenteric vessels, and the vessels in the wall of small intestine (w). Scale bars: 50 um for 1°
vessels and 2° vessels, 25 um for 32 vessels, and 10 um for vessels in the small intestine wall. 8
groups of vessels from 4 mice were examined.

[0021] FIGs. 8 A-8E show that GFP immunoreactivity is detected in small diameter
arteries in various tissues of GPR68 eGFP reporter mice. FIG. 8A shows an exemplary flow
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cytometry analysis of GFP intensity in various populations of leukocytes isolated from the
spleen of Gpr68 eGFP reporter mice. Results were from two eGFP reporter mice (light and dark
green lines) and two C57B/L6 mice (grey and black lines). FIG. 8B shows exemplary relative
mRNA level of Gpr68 in various populations of leukocytes isolated from the spleen of C57B/L6
mice. Results are presented as mean + SEM from 3 trials. FIG. 8C shows representative
images of antibody staining against GFP and CD31 in blood vessel of pancreas isolated from
Gpr68 eGFP reporter mice. Scale bar: 25 um. FIG. 8D shows representative images of antibody
staining against GFP and CD31 in blood vessel of liver. a, artery; b, bile duct; v, portal vein.
Scale bar: 25 um. FIG. 8E shows representative images of antibody staining against GFP and
CD31 in blood vessel of bladder. a, artery; v, vein. Scale bar: 50 um. tissues from 4 mice were
examined.

[0022] FIGs. 9A-9D show that Gpr68 is necessary for laminar flow-induced calcium
transients in murine primary microvascular endothelial cells. FIG. 9A shows exemplary
responses of mouse primary microvascular endothelial cells (MVECs) to shear stress imposed
by pulsatile laminar flow with increasing amplitudes. The MVECs were isolated from cerebrum
of the Gpr68 eGFP reporter mice. Pulsatile laminar flow stimulation of different amplitudes are
applied at 1 Hz for 180s. n=148 for GFP+ and 155 for GFP-. Data is pooled from 3 trials. FIG.
9B shows exemplary responses of GFP+ and GFP- MVECs to pulsatile laminar shear stress at
4 Pa. The MVECs were infected with lentivirus containing non-targeting shRNA and Gpr68
shRNA constructs. They were cultured in endothelial growth medium with 2 pg/mL puromycin
for 96 h before the shear stress test. The pulsatile flow is applied at 1 Hz for 180 s. n=166 for
non-targeting and 173 for Gpr68 shRNA treated group. Data pooled from 3 trials. FIG. 9C
shows exemplary calcium transients in primary MVECs induced by to 50 uM ATP. n=223 for
non-targeting and 198 for Gpr68 shRNA treated group. 3 trials. FIG. 9D shows quantification of
the knockdown efficiency of lentiviral shRNA against Gpr68. n=3. All results are plotted as mean
+ SEM.

[0023] FIGs. 10A-10F show that Gpr68 is required for flow-mediated dilation and outward
remodeling in third order mesenteric arteries. FIG. 10A shows exemplary flow-mediated dilation
(FMD) response of third order mesenteric arteries (MAs) isolated from Gpr6é8 -/- mice and WT
littermates. Vessels were cannulated and pre-constricted using 1uM phenylephrine, and
subjected to stepwise increases in flow rates. Left, representative recordings of vessel diameter
change. Scale bar: 10 minutes. Right, quantification of FMD response in 3™ order MAs.
p=0.044, two way ANOVA, n=9 for Gpr68 KO and n=7 for WT. FIG. 10B shows exemplary
dilation responses of third order MAs to Ogerin. Vessels were cannulated and pre-constricted
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using 1 UM phenylephrine, and subjected to Ogerin with increasing concentration. Left,
representative recordings of vessel diameter change. Scale bar: 10 minutes. Right,
quantification of Ogerin-induced dilation 3™ order MAs. Vessels from KO and 6 WT mice were
tested. P=0.018, two way ANOVA. Inset, structure of Ogerin. FIG. 10C shows a schematic
representation of the surgery applied to mesenteric resistance arteries in vivo in order to
increase blood flow locally. Second order arteries were ligated (marked by X) on 2 branches of
the mesenteric arterial bed. The arteries located between the ligated branches were thus
submitted to a chronic increase in blood flow. These arteries were designed as high flow (HF)
arteries. Similar mesenteric arteries located at a distance were used as control or normal flow
(NF) arteries. Arteries were collected 2 weeks after surgery in order to determine their diameter
and thus the remodeling induced by the chronic increase in blood flow. Vessels were
cannulated in an arteriograph and subjected to stepwise increases in pressure before diameter
measurement. FIGs. 10D-10E shows exemplary flow-mediated remodeling (FMR) of 3™ order
mesenteric arteries isolated from WT (P=0.0045) and Gpr68 KO mice (P=0.95). FIG. 10F shows
the extent of outward remodeling as indicated by the percentage of vessel diameter increase
(*P=0.0309). *p<0.05, two way ANOVA for repeated measures, n=5 for Gpr68 -/- and n=7 for
WT. All results are plotted as mean + SEM.

[0024] FIGs. 11A-11D show that Gpr68 -/- 15t and 2" order mesenteric vessels have
normal response to flow and vessels of all sizes have normal response to chemical stimulations.
FIGs. 11A-11B show exemplary FMD in first and second order MAs from Gpré8 -/- mice and
WT littermates. n=7 Gpr68 -/- and n=7 WT for 2" order arteries, and n=4 Gpré8 -/- and n=5 WT
for 1 order arteries. FIG. 11C shows exemplary FMD response in 3™ order MAs in the
presence of 100 pM L-NE-Nitroarginine methyl ester (L-NAME). Vessels from 6 KO and 6 WT
mice were tested. FIG. 11D shows exemplary dilation response of various orders of MAs to 1
uM acetylcholine and 80 mM of KCI. For acetylcholine experiment, 3" order MAs, n=5 for WT
and n=8 for KO. 2" order MAs, n=8 for WT and n=7 for KO. 1%t order MAs, n=5 for WT and n=5
for KO. For KCI experiment, 3" order MAs, n=8 for WT and n=11 for KO. 2" order MAs, n=8 for
WT and n=10 for KO. 1%t order MAs, n=5 for WT and n=5 for KO. All results were plotted as
mean + SEM.

[0025] FIG. 12 shows an exemplary dose response of Ogerin, which is a mouse Gpr68
agonist. HEK-293T cells were transiently transfected with mouse Gpr68. Relative fluorescence
from calcium indicators were acquired for 10 s, then Ogerin was added to the cells in various

concentrations, while measurement continued for 180 s at 1 data point per second. Maximum
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fluorescence was plotted as mean + SEM from 3 trials. Dose response curve fitting yielded an
EC50 of 0.17 uM.

[0026] FIGs. 13A-13D show characterization of hemodynamic and cardiac parameters
and assessment of mesenteric vessels of Gpr68 -/- mice. FIG. 13A shows exemplary
echocardiogram assessment of Gpr68 -/- and WT heart. All the structural parameters were not
significantly different between KO and WT mice. FIG. 13B shows exemplary blood pressure
radiotelemetry recording of baseline hemodynamic parameters of Gpré8 -/- mice and WT
littermates. Each dot represents one animal. FIG. 13C shows exemplary myogenic tone of MAs
from various orders. 3™ order MAs, n=8 for WT and n=10 for KO. 2" order MAs, n=7 for WT and
n=7 for KO. 1%t order MAs, n=3 for WT and n=5 for KO. FIG. 13D shows exemplary dilation
response of MAs to SNP at various dosages. For 3™ order MAs, 5 WT and 7 KO vessels were
examined. 2" order MAs, n=4 for WT and n=6 for KO. 1%t order MAs, n=4 for WT and n=5 for
KO. All results were plotted as mean + SEM.

[0027] FIGs. 14A-14C show exemplary assessment of flow-mediated outward remodeling
of Gpré8 -/- mesenteric vessels. FIGs. 14A-14B show exemplary passive diameter distension
curve at increasing pressures for WT and KO 1% order mesenteric arteries exposed to HF or
NF. Both showed significant diameter increase in response to chronic HF (WT: P=0.017 and
KO: P=0.0315). FIG. 14C shows the extent of remodeling of 1% order mesenteric vessels from
WT and KO are similar. All results are plotted as mean * SEM. *p<0.05, two way ANOVA for
repeated measures, n=5 for Gpré8 KO and n=6 for WT littermates. n.s., not significant.

[0028] FIGs. 15A-15B show induction of GPR68 mRNA by TGFB.

DETAILED DESCRIPTION

[0029] The present invention is based, in part, on the discovery that GPR68 is a
necessary component for sheer stress response. GPR68 is expressed in the endothelial cells
of resistance arteries (<100 um), but not that of veins of any size. GPR68 mediates shear
stress-induced calcium transients in primary microvascular endothelial cells and controls flow-
mediated dilation (FMD) response and flow-mediated outward remodeling (FMR) of small-
diameter mesenteric arteries.

[0030] Therefore, provided herein are modulators of a GPR68 gene product and
compositions, methods and uses thereof for treating cardiovascular diseases and liver fibrosis.
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DEFINITIONS

[0031] The term “small molecule” refers to compounds, preferably organic compounds,
with a size comparable to those organic molecules generally used in pharmaceuticals. The term
excludes biological macromolecules (e.g., proteins, nucleic acids, etc.). Preferred small organic
molecules range in size up to about 5000 Da, e.g., up to about 4000, preferably up to 3000 Da,
more preferably up to 2000 Da, even more preferably up to about 1000 Da, e.g., up to about
900, 800, 700, 600 or up to about 500 Da.

[0032] The term “inhibit,” as used herein, means to suppress an activity or function, for
example, about ten percent relative to a control value. Preferably, the activity is suppressed y
50% compared to a control value, more preferably by 75%, and even more preferably by 95%.
“Inhibit,” as used herein, also means to reduce the level of a molecule, a reaction, an
interaction, a gene, an mRNA, and/or a protein's expression, stability, function or activity by a
measurable amount or to prevent entirely. Inhibitors are compounds that, e.g., bind to, partially
or totally inhibit activity, decrease, prevent, delay activation, inactivate, desensitize, or down
regulate a protein, a gene, and an mRNA stability, expression, function and activity, e.g.,
antagonists.

[0033] The terms “modulator” and “modulation” of a molecule of interest, as used herein in
its various forms, is intended to encompass antagonism, agonism, partial antagonism and/or
partial agonism of an activity associated with a GPR68 gene product. In various embodiments,
“modulators” may inhibit or stimulate GPR68 expression or activity. Such modulators include
small molecules agonists and antagonists of GPR68, antisense molecules, ribozymes, triplex
molecules, and RNAI polynucleotides, and others.

[0034] G protein coupled receptor 68 (GPR68, also known as Ovarian cancer G-protein
coupled receptor 1 (OGR1), GPR12A, Al2A8) is a Gy11-coupled receptor, and GPR68 activation
may lead to the cleavage of PIP. into IP; and DAG by PLC, and induce calcium release from the
store. In endothelial cells, activation of GPR68 may trigger several acute signaling pathways,
such as activation of Ca?*-gated channels (Orail, Kca2.3, Kca 3.1) or synthesis of NO by NOS or
release of EDHF. Activation of GPR68 may also activate KCNK channels and lead to the
hyperpolarization of the cells. Activation of GPR68 may lead to hyperpolarization of smooth
muscles surrounding the vessels, causing them to relax and therefore dilate the vessels.
GPR69 mRNA was also found to be induced by pro-fibrotic stimuli (e.g. TGFB) in primary
hepatic stellate cells from rat and human. A “GPR68 gene product” may be an RNA, such as an
mRNA, or a polypeptide, of a GPR68 gene. The human GPR68 protein is found in GENBANK™
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Accession No: NP_001171147.1, and has the amino acid sequence set forth below (SEQ 1D
NO: 1):

1 MGNITADNSS MSCTIDHTIH QTLAPVVYVT VLVVGFPANC LSLYFGYLQI KARNELGVYL
61 CNLTVADLFY ICSLPFWLQY VLQHDNWSHG DLSCQVCGIL LYENIYISVG FLCCISVDRY
121 LAVAHPFRFH QFRTLKAAVG VSVVIWAKEL LTSIYFLMHE EVIEDENQHR VCFEHYPIQA
181 WQRAINYYRF LVGFLFPICL LLASYQGILR AVRRSHGTQK SRKDQIQRLV LSTVVIFLAC
241 FLPYHVLLLV RSVWEASCDF AKGVFNAYHF SLLLTSFNCV ADPVLYCFVS ETTHRDLARL
301 RGACLAFLTC SRTGRAREAY PLGAPEASGK SGAQGEEPEL LTKLHPAFQT PNSPGSGGFP
361 TGRLA
[0035] The mouse GPR68 protein is found in GENBANK™ Accession No: NP_780702.1,
and has the amino acid sequence set forth below (SEQ ID NO: 2):

1 MGNITTENSS LSCPIDHTIH QTLAPVVYVT VLVVGFPANC LSLYFGYLQI KARNELGVYL
61 CNLTIADLFY ICSLPFWLQY VLQHDDWSHG DLSCQVCGIL LYENIYISVG FLCCISIDRY
121 LAVAHPFRFH QFRTLKAAVG VSVLIWAKEL LTSIYFLNHK EVIEDEDQHR VCFEHYPIQA
181 WQRSINYYRF LVGFLFPICL LLASYQGILR AVRRSHGTQK SRKDQIQRLV LSTVVIFLAC
241 FLPYHVLLLV RSLWERNCEF AKSIFNVYHF SLLLTSFNCV ADPVLYCFVS ETTHRDLARL
301 RGACLAVLTC SRTSRAREAY PLGAPEASGK SGAQGEEPEL LTKLHSAFQT PSSLGVGGPS
361 TVGLA
[0036] The rat GPR68 protein is found in GENBANK™ Accession No: NP_001101519.1,
and has the amino acid sequence set forth below (SEQ ID NO: 3):

1 MRSKAPSGPK MGNITTENSS LPCPIDHTIH QTLAPVVYVT VLVVGFPANC LSLYFGYLQI
61 KARNELGVYL CNLTIADLFY ICSLPFWLQY VLQHDNWSHG DLSCQVCGIL LYENIYISVG
121 FLCCISIDRY LAVAHPFRFH QFRTLKAAVG VSVLIWAKEL LTSIYFLKHK EVIEDEDRHR
181 VCFEHYPIQA WQRGINYYRF LVGFLFPICL LLASYQGILR AVRRSHGTQK SRKDQIQRLV
241 LSTVVIFLAC FLPYHVLLLV RSLWESSCDF AKSIFNIYHF SLLLTSFNCV ADPVLYCFVS
301 ETTHRDLARL RGACLAFLTC SRTSRAREAY PLGAPEASGK SGAQGEEPEL LTKLHSAFQT
361 PNSLGLGGPP TVGLA
[0037] The cynomolgus monkey GPR68 protein is found in GENBANK™ Accession No:
XP_005562082.1, and has the amino acid sequence set forth below (SEQ ID NO: 4):

1 MRSVAPSGPK MGNITADNSS MSCTIDHTIH QTLAPVVYVT VLVVGFPANC LSLYFGYLQI
61 KARNELGVYL CNLTVADLFY ICSLPFWLQY VLQHDNWSHG DLSCQVCGIL LYENIYISVG
121 FLCCISVDRY LAVAHPFRFH QFRTLKAAVG VSVVIWAKEL LTSIYFLMHE EVIEDEDQHR
181 VCFEHYPIQA WQRAINYYRF LVGFLFPICL LLASYQGILR AVRRSHGTQK SRKDQIQRLV
241 LSTVVIFLAC FLPYHVLLLV RSVWEASCDF AKGVFNAYHF SLLLTSFNCV ADPVLYCFVS
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301 ETTHRDLARL RGACLAFLTC SRTGRAREAY PLGAPEASGK SGAQGEEPEL LTKLHPAFQT
361 PNSPGMVGSA TGGLA

[0038]

The human GPR68 gene is found on chromosome 14 (14g32.11) in GENBANK™

Accession No: NG_052988.1.

[0039]

The transcript variant 1 of human GPR68 mRNA is found in GENBANK™

Accession No: NM_001177676.1, and has the nucleotide sequence set forth below (SEQ ID

NO: 5):

[0040]
[0041]
[0042]
[0043]
[0044]
[0045]
[0046]
[0047]
[0048]
[0049]
[0050]
[0051]
[0052]
[0053]
[0054]
[0055]
[0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
[0063]
[0064]
[0065]
[0066]

1 gctectcace tggttgcaga gaccacactg ccttecctggg gecctgaggce tetaggagaa

61 gctggaaage acaggtgggg gtccatccag ctgtttccaa actgegggtt gtgacccatt

121 catgggtcag taaatcaact tcatagctca tgacctgcat ttaaaaaatt gaaatagaat

181 agaaatgatc agagtgcgtg gcaagaagta ggggtcttge ccaccaccag cgatgeccag
241 cccttggtag agcttgaacc accttctata aacaggatgg cggtggagag acaggeccag
301 tcectgagece catgaggagt gtggeccctt caggeccaaa gatggggaac atcactgcag
361 acaactcctc gatgagctgt accatcgacce ataccatcca ccagacgcetg geeeccggtgg
421 tctatgttac cgtgcetggtg gtgggcttce cggecaactg cetgteecte tacttcggcet
481 acctgcagat caaggcccgg aacgagcetgg gegtgtacct gtgcaacctg acggtggecg
541 acctcttcta catctgeteg ctgeecttct ggetgeagta cgtgetgcag cacgacaact
601 ggtctcacgg cgacctgtce tgeccaggtgt gecggceatect cetgtacgag aacatctaca
661 tcagcgtggg cttectetge tgcatetceg tggaccgcta cetggetgtg geccateect
721 tcegcetteca ccagttccgg accetgaagg cggecgtegg cgtcagegtg gtcatetggg
781 ccaaggagct gctgaccage atctacttce tgatgcacga ggaggtcatc gaggacgaga
841 accagcaccg cgtgtgcttt gagcactace ccatccagge atggcagege gecatcaact
901 actaccgctt cectggtgggc ttectettee ceatctgect getgetggeg tectaccagg
961 gcatcctgeg cgecgtgege cggagecacg gcacccagaa gagecgcaag gaccagatce
1021 agcggcetggt getcageace gtggteatcet tectggectg cttectgece taccacgtgt
1081 tgctgetggt gegecagegte tgggaggceca getgegactt cgeccaaggge gttttcaacg
1141 cctaccactt ctecctectg ctcaccagct tcaactgegt cgecgacccc gtgcetctact
1201 gcttcgtcag cgagaccacc caccgggacc tggeccgect ccgeggggcec tgectggect
1261 tcctcacctg ctccaggacce ggecgggeca gggaggcecta cecegetgggt geccecgagg
1321 ccteccgggaa aageggggcec cagggtgagg ageccgagct gttgaccaag ctccaccegg
1381 ccttccagac cectaactcg ccagggtcgg gegggttcee cacgggceagg ttggectage
1441 ctgggtccte cgegggtggce tecacgtgag gectgagect tcageccacg ggectcaggg
1501 cctgecgcect cetgetteec tegetgegga ggcagggaag cecctgtaac tccggaagece
1561 tgcteteget tgctgagece getgggaccg ccgagggtgg gaataagecce cggttggcete
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[0067]
[0068]
[0069]
[0070]
[0071]
ggaagaaaga
[0072]
gggaggagga
[0073]
[0074]
[0075]
[0076]
[0077]
[0078]
[0079]
[0080]
[0081]
[0082]
[0083]
[0084]
[0085]
[0086]
[0087]
[0088]

1621 gtgggaataa gcegtgtcect ctgecgegge tgegatgtgg ccaggcetggg getgetggte
1681 gggggaagac agtgaactgc gttccctgge ctgcticetg cagagtttgt gcatggggag
1741 tgtgaggaca tggagggtgg gaggctgggce gttcagetge cagggcecttc caatgecacce
1801 gttgtcacag acaatgcctg tccaaacgtc ccggtgggat cagcactgca geccgeccac

1861 aacagggtgg gaagggaaga ctggaggggg aaggaaggca ggagggggaa

1921 gggggaagga aagaaagagg ggggaaggaa aggaggaagg ggagaaggaa

1981 aagaaggaag gtagggggtg ttggottggg agaattgagg gagttatagg cagaggagga
2041 tcctagetee agecataaga actgggagag ccgectgetg ctccagaaga cctgeccace

2101 tccacagaaa tgctagcecct tcagaccttc tggtcagtga actgggacca gcetctgacta
2161 aggatgcctt ccatggectg ggactcgagt tettcagaac caagaggceta actgggcttc
2221 ctccaagaag ggaccagggg ctagaagcag aagttggcat cagcaaacat ttctggaatc
2281 taccaaaggg aggcccaggce agaacccctt cectcagtcte cettceecte ttecceccag
2341 ccttgaagag gttgatectt tgtgcetgtgt ctettagecc tttcatcggg gatgeccaga

2401 ggcaacagcc caggcetggag gtgecccagg gaagggtgcet cacagtggte ccagggcetac
2461 acttggcttt gactgcacag cccctgetca gatecttgtg gagggtgtec gatgacttgg

2521 ggaggttctc ttccecttce tagaggagga agtgaccaag tttgaaggceg gcagaaatgg
2581 ccacacagcc aagaagagcc catgcaactc agtccaggat tttactgggt cagtgacatt
2641 ggtggaagcc ttcatgecte ctcattccac agceacttect cctatgttga cettaaacac

2701 tggcttccca ctgatacaga ctgggatgag ctgagggceag tctcatttac tgtcaagagt
2761 totatttttg tattgtcctt tttgccaagt ctacatgtgt tgactctgta atggatttat

2821 gtagcccact tcagtctgca aataaagcaa agtaactgga aaaaaaaaaa aaaaaaaaaa

The transcript variant 2 of human GPR68 mRNA is found in GENBANK™

Accession No: NM_003485.3, and has the nucleotide sequence set forth below (SEQ ID NO: 6):

1 tgccecgacgt 9ggtggggog ggcgtggaat cggageacaa cttggecctg cgttcccagg
61 aagggacccg aagacctccc caggecacce cgecatetge gtgegegcetg gcaagaggag

121 gggcgcgggg taatggtgge cggegecaca geeececgegec gegeagggte ttgeccacca

181 ccagcgatgc ccageccttg gtagagcettg aaccaccttc tataaacagg atggeggtgg

241 agagacaggc ccagtccctg agcccatgag gagtgtggec ccttcaggec caaagatggg

301 gaacatcact gcagacaact cctcgatgag ctgtaccatc gaccatacca tccaccagac

361 gctggececg gtggtetatg ttaccgtget ggtggtgggc tteccggeca actgectgte

421 cctetacttc ggctacctge agatcaaggce ccggaacgag ctgggegtgt acctgtgcaa

481 cctgacggtg gecgacctct tctacatctg ctegetgecc ttetggetge agtacgtget
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541 gcagcacgac aactggtctc acggcgacct gtcctgecag gtgtgeggcea tectectgta

601 cgagaacatc tacatcagcg tgggcttcct ctgetgeate tecegtggacce getacetgge

661 tgtggccceat cecttceget tccaccagtt ccggacccetg aaggeggecg tcggegtcag

721 cgtggtcatc tgggccaagg agetgetgac cagceatctac ttcctgatge acgaggaggat

781 catcgaggac gagaaccagc accgegtgtg ctttgagecac taccccatce aggeatggea
841 gcgegcecate aactactacce gettectggt gggcettecte ttccccatet gectgetget

901 ggcgtcctac cagggceatcce tgecgegecgt gecgecggage cacggeacce agaagagecg
961 caaggaccag atccagcggc tggtgctcag caccgtggte atcttcectgg cetgcettect

1021 gcectaccac gtgttgetge tggtgegeag cgtetgggag gecagcetgeg acttcgecaa
1081 gggcgttttc aacgcectacce acttcteect cetgetcace agcettcaact gegtegecga

1141 cceegtgete tactgcettcg tcagcgagac cacccaccgg gacctggece gecteegegg
1201 ggcctgectg gecttecteca cetgetccag gaccggecgg gecagggagg cctaceegcet
1261 gggtgcccce gaggectccg ggaaaagegg ggcccagggt gaggageccg agetgttgac
1321 caagctccac ccggecttce agacccectaa ctcgecaggg tcgggegggt tecccacggg
1381 caggttggcec tagectgggt cctececgeggg tggetccacg tgaggectga gecttcagec
1441 cacgggcctc agggcectgece gectectget tecctecgetg cggaggeagg gaageccectg
1501 taactccgga agectgcetct cgettgetga gecegetggg accgecgagg gtgggaataa
1561 gceeeggttg getegtggga ataagecgtg tectetgeeg cggcetgegat gtggecagge
1621 tggggctgcet ggtcggggga agacagtgaa ctgcgttcee tggectgcett cetgcagagt
1681 ttgtgcatgg ggagtotgag gacatggagg gtgggaggcet gggegttcag ctgeccaggge
1741 cttccaatgce caccgttgtc acagacaatg cctgtccaaa cgtceccggtg ggatcageac
1801 tgcagcccge ccacaacagg gtgggaaggg aagactggag ggggaaggaa ggcaggagag
1861 ggaaggaaga aagaggggga aggaaagaaa gaggggggaa ggaaaggagg aaggggagaa

1921 ggaagggagg aggaaagaag gaaggtaggg ggtgttgggt tgggagaatt gagggagtta
1981 taggcagagg aggatcctag ctccagecat aagaactggg agagecgect getgetecag

2041 aagacctgcc cacctccaca gaaatgcetag cccttcagac cttctggtca gtgaactggg
2101 accagctctg actaaggatg ccttccatgg cctgggactc gagttctica gaaccaagag
2161 gctaactggg cttcctccaa gaagggacca ggggctagaa gcagaagttg gcatcagcaa
2221 acatttctgg aatctaccaa agggaggecc aggcagaacc ccttectcag teteecttee
2281 cctcttceee ccagecttga agaggottgat cetttgtget gtgtctetta gecctttcat

2341 cggggatgcc cagaggcaac ageccaggcet ggaggtgece cagggaaggg tgctcacagt
2401 ggtcccaggg ctacacttgg ctttgactge acagecccetg ctcagatect tgtggagggt

2461 gtccgatgac ttggggaggt tetettceec ttectagagg aggaagtgac caagtttgaa

2521 ggcggceagaa atggccacac agccaagaag agcccatgea actcagtcca ggattttact
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2581 gggtcagtga cattggtgga agccttcatg cctectcatt ccacagceact tectectatg

2641 ttgaccttaa acactggctt cccactgata cagactggga tgagcetgagg geagtctcat

2701 ttactgtcaa gagttgtatt titgtattgt cctttttgcc aagtctacat gtgttgactc

2761 tgtaatggat ttatgtagcc cacttcagtc tgcaaataaa gcaaagtaac tggaaaaaaa

2821 aaaaaaaaaa aaaa
[0089] The transcript variant 3 of human GPR68 mRNA is found in GENBANK™
Accession No: NM_001348437.1, and has the nucleotide sequence set forth below (SEQ ID
NO: 7):

1 tgcccgacgt gggtgggggyg ggcgtggaat cggageacaa cttggecctg cgttcccagg
61 aagggacccg aagacctcee caggecacce cgecatcetge gtgegegetg gcaagaggag

121 gggcgeggyag taatggtgge cggegecaca geececgegee gegeagaage aacteectee

181 accaccacca ctggaattct aggccagtge cctgaagagg atggaagagg tgagtcagag

241 actgggagtc cctgttttct gggaactgag aggttgagag ctgagtctca ggcagagact

301 gtacgtggca gggatgtgga gcaaggagac ctggattcta gcagcaacgc ttccaacctc

361 aggctggctt cagggtcttg cccaccacca gegatgecca geccttggta gagettgaac

421 cacctictat aaacaggatg gcggtggaga gacaggccca gtccctgage ccatgaggag

481 tgtggccecct tcaggeccaa agatggggaa catcactgca gacaactcect cgatgagetg

541 taccatcgac cataccatcc accagacgct ggcceeggtg gtctatgtta cegtgetggt

601 ggtgggctic ccggecaact gectgteect ctacttcgge tacctgcaga tcaaggecceg

661 gaacgagctg ggcgtgtacc tgtgcaacct gacggtggcece gacctcttct acatetgcete

721 getgecectte tggetgecagt acgtgetgea gcacgacaac tggtctcacg gegacctgte

781 ctgccaggtg tgcggeatece tectgtacga gaacatctac atcagegtgg gettectetg

841 ctgcatctce gtggaccgct acctggetgt ggeccateec ttecegettce accagtteeg

901 gaccctgaag geggecgteg gegtcagegt ggtcatetgg gecaaggage tgetgaccag

961 catctacttc ctgatgcacg aggaggtcat cgaggacgag aaccagcacc gegtgtgctt

1021 tgagcactac cccatccagg catggcagceg cgccatcaac tactaccgcet teetggtggg

1081 cttcctcttc cecatetgec tgetgetgge gtectaccag ggeatectge gegecgtgeg

1141 ccggagcecac ggcacccaga agagecgceaa ggaccagate cageggetgg tgctcageac

1201 cgtggtcatc ttcctggcect gettectgee ctaccacgtg ttgetgetgg tgcgeagegt

1261 ctgggaggcec agctgegact tcgecaaggg cgttttcaac gectaccact teteectect

1321 gctcaccagce ttcaactgeg tecgecgacce cgtgctetac tgcttcgtca gegagaccac

1381 ccaccgggac ctggeccgee tccgeggggce ctgectggec ttectcacct getccaggac

1441 cggcecgggec agggaggcct accegetggg tgeceeecgag gectccggga aaageggggce

1501 ccagggtgag gagcccgagc tgttgaccaa getccacceg gecttccaga cecctaacte
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1561 gccagggtcg ggcgggottce ccacgggceag gttggectag cetgggtect ccgeggootgg
1621 ctccacgtga ggcectgagec ttcageccac gggectcagg gectgecgec tectgettee

1681 ctegetgegg aggeagggaa geccctgtaa cteccggaage ctgetetege ttgetgagec
1741 cgctgggacc geccgagggtg ggaataagec ceggttggct cgtgggaata agecgtgtec
1801 tctgeccgegg ctgegatgtg gecaggetgg ggcetgetggt cgggggaaga cagtgaactg
1861 cgttcectgg cetgettect gecagagtttg tgcatgggga gtgtgaggac atggagggotg

1921 ggaggctggg cgttcagcetg ccagggcectt ccaatgecac cgttgtcaca gacaatgect
1981 gtccaaacgt cccggtggga tcagcactge ageccgecca caacagggtg ggaagggaag

2041 actggagggg gaaggaaggce aggaggggga aggaagaaag agggggaagg aaagaaagag

2101 gggggaagga aaggaggaag gggagaagga agggaggagg aaagaaggaa ggtaggggat
2161 gttgggttgg gagaattgag ggagttatag gcagaggagg atcctagetc cagccataag

2221 aactgggaga gccgectgct getccagaag acctgeccac ctccacagaa atgetagecce
2281 ttcagacctt ctggtcagtg aactgggacc agctctgact aaggatgect tccatggect
2341 gggactcgag ttcttcagaa ccaagaggct aactgggctt cctccaagaa gggaccaggg
2401 gctagaagcea gaagttggcea tcagcaaaca tttctggaat ctaccaaagg gaggeccagg
2461 cagaacccct tcctcagtcet cecttecect cttcceecca gecttgaaga ggttgatect
2521 ttgtgctgtg tetettagec ctttcatcgg ggatgeccag aggcaacage ccaggcetgga
2581 ggtgccccag ggaagggtge tcacagtggt cccagggcta cacttggcett tgactgcaca
2641 gcecctgete agatecttgt ggagggtgtc cgatgacttg gggaggtict cttceectic
2701 ctagaggagg aagtgaccaa gtttgaaggc ggcagaaatg gccacacage caagaagagce
2761 ccatgcaact cagtccagga ttttactggg tcagtgacat tggtggaagc cttcatgect
2821 cctcattcca cagcacttce tectatgttg accttaaaca ctggcttcee actgatacag
2881 actgggatga gctgagggcea gtictcattta ctgtcaagag ttgtattttt gtattgtcct
2941 tittgccaag tctacatgtg ttgactctgt aatggattta tgtageccac ttcagtetge
3001 aaataaagca aagtaactgg a
[0090] The transcript variant 1 of mouse GPR68 mRNA is found in GENBANK™
Accession No: NM_175493.4, and has the nucleotide sequence set forth below (SEQ ID NO: 8):
1 actcaggtcc ggtcggtgeg ggtggatgec atgectecat cggacctgeg ccacgeecte

61 gccttgegag ctgegtgect tecegtgecca ccagagagag gattgagaga gggagagcete

121 gtccgegtge agegttgtce agacactgec aagttgaget gtaggagtac agetggegga

181 ggactgaggg taagagccta geccggaaggg ctgaatcaga ggactettge taggttetet

241 cgcagagaac tctcaggget gcagggggcg gaccteactg ctgecteeee atttectect

301 caactgcctg tggactcctc actgecttee tttgecctac caggaggcetce tagaaaaage

361 caatcagtgt gggtatgggg ctggatagtt tccaaattga cctacctgtg ggacagaaat
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421 caatttaatt gatcctgtic ttaaaagaaa tgaaatagaa gagacaacac cagtgtgaaa
481 aacaagcatc agggggtccg cctaccacca gtgatgecta gatcctgata catttgeate
541 acctictata aacaagatgg caagagaggg attggctcca tctccaagec catgaggaat
601 aaggctcctt ctggecccaaa gatggggaac atcactacag aaaactcctc actatcttge
661 cccatcgacc acaccatcca ccagacacta gececcagtgg tetatgtgac cgtgetggtg
721 gtgggcttce cagccaactg cetgteecte tacttcgggt acttgcagat caaggeccgg

781 aatgagctgg gagtgtacct gtgtaacctg accattgcag acctgttcta tatctgttca

841 cttcecttct ggetgcagta cgtgcettcag cacgacgact ggtcccatgg tgacctatce

901 tgccaggtgt gtggcatect cetctatgag aacatttaca tcagegtggg cttectetge

961 tgcatctcca tcgaccgcta cetggetgtg geccaccecct teecgettcca ceagttcecge

1021 accctgaagg cageegtggg tgtcagtgtg ctcatctggg ccaaggagct getgaccage
1081 atctacttcc tcaatcacaa ggaggtcatt gaggacgagg accagcaccg agtctgcettt
1141 gagcattacc ctatccaggc ctggcagegt agcatcaact actaccgctt cetggtggge
1201 tttctettce ceatetgect getgetggec tectaccagg geatectgeg ggcetgtgege

1261 cgcagccacg gcacacagaa gagccgcaag gaccagattc ageggcetggt getcagcacce
1321 gtggtcatct tectggcttg ctttctacee taccacgtge tgetgetggt acgcagcectc

1381 tgggagagaa actgtgagtt tgccaagagc atcttcaacg tctatcactt ctecctecte

1441 ctcaccagct tcaactgtgt agetgacccg gtgcetgtact gctttgtcag tgagaccact

1501 cacagggacc tagcccgect ccgaggagec tgectagetg tecttacctg ctetaggaca
1561 agcagggcca gggaggcecta cectetgggt geecectgagg cetetgggaa aagtggggec
1621 cagggcgagg aacctgaatt gttaaccaag ctccactcag ccttccagac cectagetca
1681 ctgggagtgg gagggccctc cacagtgggg ttggectage ttgagtcacg tgtatgaggce
1741 taagttaggc cctgagcttt caccaacagg ccttgtggtc gggagcettge atggtggcetg
1801 tctcccactt taccatgtac gggtgcectcet ctectcagga aggaaccatg gtttgggeca

1861 cagccaggtc cctectggecece ctggaaacct geteegtgte ctgagectgg geactgetga
1921 ctgtgtgaat gagccctgtc tecteccatg ttcttggtgg cecgectgggc tgcagatggg

1981 agggagtcgg catcgtcact tccaggagat ttgcaaagag cagcaggcect ggggtgcgga
2041 gaggagggta ggaccctgceg tggtcacctg ccaagecttc cagtgeccct gttgtcacag
2101 acgataccag cccaagtgtg ctatggtctt gtgtgacaca ggaagctata tagccaccat
2161 cagtatttga gcttgectct aaactagtct aggccagagg actggttaag gtgaagaaca
2221 ggggcgagat tggtggctag ggataacage agagaggceag tcagggaaga aaccccagea
2281 tcaggcacgt ctcactttac agaacttatg gaacagggcc ccacccccaa gggcetgatgg
2341 caaagaaacc ccagggatgc cggagagatg tcaggggccc tcaaaacatc gtactaaagce
2401 ttaataagaa gacttaggcc taaaactgeg tecttageca agttectgge acacagggtt
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2461 tctctgtgta gecectggctg tettggaact cactetgtag accaggctgg cttcgaactc

2521 agaaatccgc ctgectetge cteccaagtg ttaggattaa aggegtgege caccactgec
2581 cagccctaat tagcetttitg tgtccgteta gtctaagtgt cagacctgag agectaaggg

2641 agaagaaaga gggagaatat aaaaaaaatg gcagggtgtc catggcaact gtatgccaag
2701 acattgatac taactaggat catgtatctg ttgtcagtaa ttcctaccct tctccecatg

2761 caccatagag catccagcag cttttgagag gagtgtgaca gtgacagttt cccagagttc
2821 ctaagtgcaa tgaactaacc acacacacac acacacacac acacacacac aatcatgtct
2881 cgtgaccaca gotttggctt aagcetgeatt ttggtatagg agagttggca gagatggctg
2941 catgccagaa agacctacac cttccccage cteggtectt acaggecaat ggtgataget
3001 aagtgttctg tgcctectea tceccacagta tttceectgt ttgacctgaa attectggatt

3061 ctcactggct tggactggag caagctaagce ccagctcecc ttactaagga gtgetgtatt
3121 titgtattgt tttctetett atgecaagta tcectgtgtt ggactgtgag gtgggotttat

3181 gtagtgactt cagtcagcaa ataaaacaaa gtagccaatc ataaaaaaaa aaaaaaaaaa
3241 a

[0091] The transcript variant 2 of mouse GPR68 mRNA is found in GENBANK™
Accession No: NM_001177673.1, and has the nucleotide sequence set forth below (SEQ ID
NO: 9):

1 actcaggtcc ggtcggtgeg ggtggatgec atgectccat cggacctgeg ccacgeccte
61 gecttgegag ctgegtgect tecgtgecca ccagagagag gattgagaga gggagagcetc
121 gtccgegtge agegttgtce agacactgec aagttgagcet gtaggagtac agetggegga
181 ggactgaggg gggtccgect accaccagtg atgcctagat cctgatacat ttgcatcace
241 ttctataaac aagatggcaa gagagggatt ggctccatct ccaageccat gaggaataag
301 getecttctg geccaaagat ggggaacatc actacagaaa actcctcact atcttgeccec
361 atcgaccaca ccatccacca gacactagec ccagtggtct atgtgaccgt getggtggtg
421 ggcttccecag ccaactgect gtecctetac ttcgggtact tgcagatcaa ggeccggaat
481 gagctgggag tgtacctgtg taacctgacc attgcagacc tgttctatat ctgttcactt
541 cccttctgge tgcagtacgt gettcageac gacgactggt cccatggtga cetatcetge
601 caggtgtgtg gcatcctect ctatgagaac atttacatca gegtgggctt cetctgetge
661 atctccatcg accgctacct ggetgtggec caccccttce gettccacca gttccgeace
721 ctgaaggcag ccgtgggtgt cagtgtgete atctgggeca aggagcetgcet gaccagceatc
781 tacttcctca atcacaagga ggtcattgag gacgaggacc agcaccgagt ctgctttgag
841 cattacccta tccaggcectg gcagegtage atcaactact accgcttect ggtgggcttt
901 ctettcecca tetgectget getggectee taccagggcea tectgeggge tgtgegecge
961 agccacggca cacagaagag ccgcaaggac cagattcage ggcetggtgcet cagcaccgtg
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1021 gtcatcttce tggettgett tetacectac cacgtgetge tgetggtacg cagectcetgg

1081 gagagaaact gtgagtttgc caagagcatc ttcaacgtct atcacttcte cctectecte

1141 accagcttca actgtgtagc tgacceggtg ctgtactget ttgtcagtga gaccactcac
1201 agggacctag ccegectecg aggagcectge ctagetgtece ttacctgete taggacaage
1261 agggccaggg aggcctacce tetgggtgece cetgaggect ctgggaaaag tggggeccag
1321 ggcgaggaac ctgaattgtt aaccaagctc cactcagcect tccagacccc tagcetcactg
1381 ggagtgggag ggccctccac agtggggttg gectagettg agtcacgtgt atgaggcetaa
1441 gttaggccect gagctttcac caacaggcect tgtggtcggg agcettgeatg gtggctotet
1501 cccactttac catgtacggg tgcctctctc ctcaggaagg aaccatggtt tgggecacag
1561 ccaggtccect ctggeccectg gaaacctget cegtgtectg agectgggcea ctgetgactg
1621 tgtgaatgag ccctgtctee teccatgttc ttggtggecg cetgggcetge agatgggagg
1681 gagtcggceat cgtcacttcc aggagatttg caaagagcag caggcectggg gtgcggagag
1741 gagggtagga ccctgegtgg tcacctgeca agecttccag tgeccctgtt gtcacagacg
1801 ataccagccc aagtgtgceta tggtcttgtg tgacacagga agctatatag ccaccatcag
1861 tatttgagct tgcctctaaa ctagtctagg ccagaggact ggttaaggtg aagaacaggg
1921 gcgggottgg tggctaggga taacagcaga gaggcagtca gggaagaaac cccagcatca
1981 ggcacgtctc actttacaga acttatggaa cagggcccca cccccaaggg ctgatggcaa
2041 agaaacccca gggatgecgg agagatgtca ggggecctca aaacatcgta ctaaagcetta
2101 ataagaagac ttaggcctaa aactgcgtcc ttagccaagt tcctggcaca caggottict
2161 ctgtgtagcece ctggctgtcet tggaactcac tetgtagacce aggcetggctt cgaactcaga
2221 aatccgcectg cetetgecte ccaagtgtta ggattaaagg cgtgegecac cactgeccag
2281 ccctaattag ctttttgtgt ccgtctagtc taagtgtcag acctgagage ctaagggaga

2341 agaaagaggg agaatataaa aaaaatggca gggtgtccat ggcaactgta tgccaagaca
2401 ttgatactaa ctaggatcat gtatctgttg tcagtaattc ctacccttct ccccatgeac

2461 catagagcat ccagcagctt ttgagaggag tgtgacagtg acagtttccc agagttccta
2521 agtgcaatga actaaccaca cacacacaca cacacacaca cacacacaat catgtctcgt
2581 gaccacaggt ttggcttaag ctgcattttg gtataggaga gttggcagag atggctgceat
2641 gccagaaaga cctacacctt cecccagectc ggtecttaca ggccaatggt gatagcetaag
2701 tgttctgtge ctectcatee cacagtattt cecctgtttg acctgaaatt ctggattctc

2761 actggcttgg actggagcaa gcetaagecca getceectta ctaaggagtg ctgtattttt
2821 gtattgtttt ctctcttatg ccaagtatce ctgtgttgga ctgtgaggtg ggtttatgta

2881 gtgacticag tcagcaaata aaacaaagta gccaatcata aaaaaaaaaa aaaaaaaa
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[0092] The transcript variant 3 of mouse GPR68 mRNA is found in GENBANK™
Accession No: NM_001177674.1, and has the nucleotide sequence set forth below (SEQ ID
NO: 10):
1 gggggtgctg cacctccggg accggegage getcaggeca cetcggecct tectagcagge
61 gcctcatcetg tggcettgegg tcagtgtgag ctgcagggeg tggaccgaca ggtetggcetg
121 tgcctgacta gggttgggag cgggaggaat ctcgcacaac gtggeccaga gtggcetagga
181 gaaagggacc tgcgtgcectt gcaggagtce ccagcecttic caggaggcege acgeactgea
241 ccagaggaca tcaggcccge gtcccagact gtcgetgeac aggattgaga gagggagage
301 tcgtcegegt gcagegttgt ccagacactg ccaagttgag ctgtaggagt acagetggeg
361 gaggactgag gggggtcecge ctaccaccag tgatgectag atcctgatac atttgcatca
421 ccttctataa acaagatggc aagagaggga ttggctccat ctccaagecce atgaggaata
481 aggctccttc tggcccaaag atggggaaca tcactacaga aaactcctca ctatettgee
541 ccatcgacca caccatccac cagacactag ccccagtggt ctatgtgacce gtgetggtgg
601 tgggcttcce agecaactge ctgteectet acttcgggta cttgcagatc aaggeccgga
661 atgagctggg agtgtacctg tgtaacctga ccattgcaga cctgttctat atctgttcac
721 ttcecttctg getgeagtac gtgettcage acgacgactg gtcccatggt gacctatect
781 gccaggtgtg tggcatccte ctetatgaga acatttacat cagegtggge ttectetget
841 gcatctccat cgaccgetac ctggetgtgg cccacccectt cegettccac cagttccgea
901 ccctgaagge ageegtgggt gtcagtgtge tcatctggge caaggagcetg ctgaccagea
961 tctacttcct caatcacaag gaggtcattg aggacgagga ccagcaccga gtctgetttg
1021 agcattaccc tatccaggcece tggcagegta gecatcaacta ctaccgcttc ctggtgggct
1081 ttctetteee catetgectg ctgetggect cctaccaggg catectgegg getgtgegece
1141 gcagccacgg cacacagaag agccgcaagg accagattca geggetggtg ctcagcacceg
1201 tggtcatctt cetggettgce tttctaccecet accacgtget getgetggta cgcagectct
1261 gggagagaaa ctgtgagttt gccaagagca tcttcaacgt ctatcacttc tecctectee
1321 tcaccagctt caactgtgta gctgaccegg tgetgtactg ctttgtcagt gagaccactc
1381 acagggacct agcccegcectc cgaggagcect gectagetgt cettacctge tetaggacaa
1441 gcagggccag ggaggcctac cctetgggtg ceectgaggce ctetgggaaa agtggggecce
1501 agggcgagga acctgaattg ttaaccaagc tccactcagce cttccagacc cctagctcac
1561 tgggagtggg agggcecctee acagtggggt tggectagct tgagtcacgt gtatgaggct
1621 aagttaggcce ctgagctttic accaacaggc cttgtggtcg ggagcttgea tggtggctgt
1681 ctceccacttt accatgtacg ggtgcectcic tectcaggaa ggaaccatgg tttgggecac
1741 agccaggtcece ctetggeccece tggaaacctg cteegtgtece tgagectggg cactgetgac
1801 tgtgtgaatg agccectgtct ceteccatgt tettggtgge cgectgggct gecagatggga
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1861 gggagtcggce atcgtcactt ccaggagatt tgcaaagagce agcaggcectg gggtgeggag
1921 aggagggtag gaccctgcgt ggtcacctge caagcecttce agtgeccctg ttgtcacaga
1981 cgataccagc ccaagtgtgc tatggtcttg tgtgacacag gaagctatat agccaccatc
2041 agtatttgag cttgcctcta aactagtcta ggccagagga ctggttaagg tgaagaacag
2101 gggcggagtt ggtggctagg gataacagcea gagaggceagt cagggaagaa accccageat
2161 caggcacgtc tcactttaca gaacttatgg aacagggccc cacccccaag ggctgatgge
2221 aaagaaaccc cagggatgcc ggagagatgt caggggcecct caaaacatcg tactaaagct
2281 taataagaag acttaggcct aaaactgcegt ccttagccaa gttectggea cacagggttt
2341 ctctgtgtag ccctggetgt cttggaactc actctgtaga ccaggcetgge ttcgaactca
2401 gaaatccgcec tgectetgece tecccaagtgt taggattaaa ggegtgegec accactgecce
2461 agccctaatt agctttttgt gtcecgtctag tetaagtgtc agacctgaga gectaaggga
2521 gaagaaagag ggagaatata aaaaaaatgg cagggtgtcc atggcaactg tatgccaaga
2581 cattgatact aactaggatc atgtatctgt tgtcagtaat tcctaccctt ctecccatge
2641 accatagagc atccagcagc ttttgagagg agtgtgacag tgacagtttc ccagagttce
2701 taagtgcaat gaactaacca cacacacaca cacacacaca cacacacaca atcatgtctc
2761 gtgaccacag gtttggctta agctgceattt tggtatagga gagttggcag agatggetgce
2821 atgccagaaa gacctacacc ttccccagec teggtectta caggccaatg gtgatageta
2881 agtgttctgt gectecteat ceccacagtat ttccectgtt tgacctgaaa tictggatic
2941 tcactggctt ggactggagc aagctaagcec cagctcecct tactaaggag tgctgtatt
3001 ttgtattgtt ttctetcetta tgccaagtat cectgtgttg gactgtgagg tgggtttatg
3061 tagtgacttc agtcagcaaa taaaacaaag tagccaatca taaaaaaaaa aaaaaaaaaa
[0093] The rat GPR68 mRNA is found in GENBANK™ Accession No: NM_001108049.1,
and has the nucleotide sequence set forth below (SEQ ID NO: 11):
1 aggtggatgc caagcctceca tcatacctgt gccacgecct cgecttgega getgegtgec

61 ttccgtgtcec accagagaga ggagtcccca gectetectg gecgetcacg caccgeacceg

121 gaggacatta ggccgtcgtc ccagactgtc gecggegeagg aattgagaga gggagagctt

181 gtctgtgtgc agggtcgtce aggceactgtc aagttgaget gtaggagtce agggcetggag

241 gtttgagggt agagcectgge tggatggatt gaaccggagt cgactctttc taggttctee

301 cacagagaac tctcagggct getgagggtg gacctcactg ctggttcece atttectect

361 caactggctg tggactcctc getgecttece tttgecttce caggaggcetce tagaagaage

421 caatcggtgt aggtatgggg ctggatagtt tccaaactga cccacttgeg ggacagaaat

481 caatttaata gcttaagacc tgttttcaaa agaaatgaga tagaagagac aatgccagca

541 tgaaaaacaa gcagcagggg tccacctacc accgatgatg tctagatcct gatacatttg

601 caccaccttc tataaacaag atggcaagag agagattggc ttcatctcca agcccatgag
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661 gagtaaggcc cctictggee caaagatggg gaacatcact acagaaaact cctcactace
721 ttgcccecatt gaccacacca tccaccagac actggeccca gtggtctatg tgaccgtget

781 ggtggtgggc ttcceggeca actgectate cetctacttt gggtacttge agatcaagge

841 ccgaaatgag ctgggagtgt acctgtgtaa cctgaccatt gcagacctat tctatatctg

901 ttcgeteecce tictggetge agtacgtact ccageatgac aactggtceee acggtgacct

961 atcctgccag gtgtgtggea tectecteta tgagaacatt tacatcageg tgggcttect

1021 ctgctgtatc tccatcgacce getaccetgge tgtggeccac cectteegcet tccaccagtt

1081 ccgcaccctg aaggcagcecg tgggtgtcag tgtgetcate tgggecaagg agetgcetgac
1141 cagcatctac ttcctcaage acaaggaggt catcgaagac gaggaccgge accgagtctg
1201 ctttgagcat taccctatcc aggegtggea gegtggeate aactactace gtttectggt

1261 gggctttctc tttcccatet gectgetget ggectectac cagggceatec tgegggcetgt

1321 gcgecgeage catggcacce agaagagecg caaggaccag attcageggce tggtgcetcag
1381 caccgtggtc atcttcctgg cttgettect geectaccac gtgetgetge tggtgegeag

1441 cctctgggag agcagctgtg actttgccaa gagcatctic aacatctate acttcteect

1501 cctectcace agcttcaact gtgtagetga cceggtgetg tactgetttg tcagtgagac

1561 cactcacagg gacctagccec gectccgagg agectgecta gecttectta cetgetetag
1621 gacaagcagg gccagggagg cctaccctet gggtgeccect gaggectctg ggaaaagtgg
1681 ggcccagggce gaggagcectg aattgttaac caagctccac tcagecttce agaccectaa
1741 ctcactggga ttgggagggc cccccacagt tggcttggece tagcettgagt catatgtgtg
1801 tgagcttcca ccgacaggcec ttgtggtcetg gagettgeat ggtggcetgte teecattttg

1861 tcatgaatag gtgcctcgct cttcaggaag gaaccatggt cttgggecce agecaggtca
1921 ctetggecca ctggaagttt getetgtgtg ctgaacctgg geactgetga ctgcatgagt

1981 gagccctgtc tecctecatg tictetgeag ctgectgggce tacagatggg tgggagtcag
2041 aattgtcact tccaggaggt ttgcaaagag cagcgggcect gggggotatog agaggagtgt
2101 agggacctgg gtgctegttc acctgcaagc tttcectgtt gtcacagatg ataccagecce
2161 aaatatgctg tggtcttgtg tgacatagga agctgtottg tgaccatcag tactgagcetc

2221 gcctctaaac tagtgtggac cagaagactg gttaaggtga agactaggge ggggattgggg
2281 caccgatatt ggtgacccag ggataagagc agagaggcag tcagggaaga agecccageg
2341 ccagacacat ctcactttac agggcttatg gaacagattc cccaacccct aagggcetgat
2401 gggaaaaaat ccccagggct cctcggagag atgecagggg ccctttaaga tgecatacta
2461 aagcttaata aaaaggctta ggcctgaagce tgtgtcecta geccaaattee tagcacagge
2521 tittcctaat tagetttttt tgtgtgteca tetggecaaa gtgegggacce cgagagectg

2581 agggaaaaga gagagggaga atatgaaaat gacagagtgt ccaggacaac tgtgtgctaa
2641 gacactgatg ccagggtcat gtgactgcetg ccagtaaccc ctaccctict ccacatgeac
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2701 cttcaagagg agtaaacagt ttcccagaat tcctagticc aataaactaa caacacacat
2761 acacatgact gcgtctcttg actgcaggtt tggctcaage tecattttgg tgtaggagag
2821 ttggcaggaa taactgcatg ccagagagac ctacacctac cccagcectag atcegtgtag
2881 ggcaatggta atagctaagt gttctgtacc tctttgtcce acagtatttc ceegtttgac
2941 ctgaaattct ggattcgcac tggcettggag tggatcaage taagcccage tececttace
3001 aaggagagct gtatttttgt gttgtcttct ctcttacgec aagtatccect gtgttgeact
3061 gtgagatggg tttatgtagt gacttcaatc tgccaataaa acaaagtaac caatc
[0094] The transcript variant X1 of cynomolgus monkey GPR68 mRNA is found in
GENBANK™ Accession No: XM_005562026.2, and has the nucleotide sequence set forth
below (SEQ ID NO: 12):
1 tgcgectgge tggaaatagt ttttaaaagg cttgctatgt ggtageattt gettggaacg
61 cccaggctcc actgaagggg atttccttag accecctace gcagagcaag gggagtggag
121 ccaaggctct tggcatgaat aagatgggca tgttttaaac tgtgttagtc cccagatcag
181 ggacctagca cagggctgtg gecgettccg gcaggaagga ctecgegecece cagtggeece
241 atgcaccgtg tgtctgttgg cticctggct ctggceattgt agcttataat tagettccaa
301 ggagcctgee ttggagggag gtggttacge caaaatgcetg ggcctttcca tectetgtgt
361 tatgtgtgtg agggagttta gtaagtgctc ctgagagceca gaaggeccce cgeggecaca
421 geceecgggct tggttectge tcaggggact gacacagttg caaacattga tgeccacect
481 atccttactc atgcccagag cettggetee atggecttca ctetgetget ctgccaaaca
541 ggatcctacc tgcttcacca catccatgge tcceccacctt cactgeactt tagaacagtc
601 cagggagctt taaagccatt gatgctggcea cctcacttgg gagcatgatt taaccagect
661 tgggtggggc tcgggceattg titttititt ataggctcee aggtatgtte tcatgeacgt
721 ggccagggtt gagecccagt gacccagatg ttgacagctt cccececgecct tgectggate
781 ctggtatcct gtaggtgetg aaaggtggct agaattagec caccccctec tectgtatee
841 ccccaccgca gteectgaggg caccegeccc tagetcaggce tttcacattc ccggtgaggce
901 tgctcactga ctgggttgeg tggagageag aggaggatge gtggagagag ccattccgec
961 gccctcagcec tetggetgge gagtggttee tcggcaaccg cccagectga caccagattg
1021 gagttcacat gattctgect cagcetcggga atgggcagec tccggetggg gattttctag
1081 ccggagctgg gaggttcagg ctgcgggaag tcgetggagg gagagetggg gtegtggttg
1141 caagggtgcc caggctectg cagagcectct gcaggaagcec cagttgtttg aggtttgagg
1201 gcagagccca getgaggeag gcagagtcag agaggactceg tttcagactc cccectcaga
1261 ggactccttc cgtectgatt tcagcagctg tetgetecte acctgtetic agagaccaca
1321 ccgccttect ggggecctga ggctctagga gaagcetggaa agcacaggtg ggggtecate
1381 aagctgtttc caaactgcgg gttgtaaccc attcatgggt cagtaaatca acttcgtaac
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tcatgacctg cattttaaaa attgaaatag aatagaaatg atcagagtgc gtggcaagaa
gtaggggtct tgcccaccac cagegatgec cageccttgg tagaacttga accaccttct
ataaacagga tggcggtgga gagacaggcc cagtccctga geccatgagg agtgtggece
cgtcaggccc aaagatgggg aacatcactg cagacaactc ctccatgagce tgcaccatcg
accacaccat ccaccagacg ctggcccegg tggtctatgt taccgtgetg gtggtagget
tccecggecaa ctgectgtee ctetacttcg getacctgea gatcaaggec cggaacgagce
tgggcgtgta cctgtgcaac ctgacggtgg ccgacctcett ctacatetge tegetgecect
tctggctgea gtacgtgetg cagcacgaca actggtctca cggegacctg tectgtcagg
tgtgcggcat cctectetac gagaacatct acatcagegt gggcttecte tgctgceatct
ctgtggaccg ctacctggct gtggeccate cettcegctt ccaccagttc cggaccctga
aggcggcecgt cggegtcage gtggteatct gggecaagga getgetgace ageatctact
tcctgatgca cgaggaggtc atcgaggacg aggaccagcea ccgegtgtgce tttgageact
accccatcca ggcatggcag cgcgecatca actactaccg cttectggtg ggcttectet
tccccatetg cetgetgetg gegtectace agggeatect gegegeegtg cgecggagec
acggcaccca gaagagccge aaggaccaga tccageggct ggtgetcage accgtggtca
tcttcetgge ctgctteetg cectaccacg tgetgetget ggtgegeage gtetgggagg
ccagctgcega cttcgecaag ggegtettca acgectacca cttcteccte ctgetcacca
gcttcaactg cgtcgecgac ceggtgetet actgettegt cagtgagacc acccaccggg
acctggeecg cctecgeggg geetgectgg cettectcac ctgetctagg accggecggg

cccgggaggc ctaccegetg ggtgececcg aggectcegg gaaaagtggg geccagggceg
aggagcccga getgttgace aagctccacc cggecttcca gacccectaac tcgecaggga

tggtagggtc tgccacgggt gggttggect agectgggte cccecgegggt ggggcecctgt
gaggcctgag ccttcagecce atgggectca gggecggcetg cetectgcett cececcageac
cagtgccgct ttctgcggag gecagegagge cccgtgacte cagaagtcetg ctgteccttg
ctgagcccge tgggacggece gagggeggga ataagecccc gttggttcat ggtgtectct
getgeggcty cgatgtggee aggetgagac tgctgatggg gggaagacag tgagetgege
tccctggect getteccgea gagtttgtge atagggattg tgaggacttg gecgggtggga
ggctgggcgt tecacttgeca gggecttcca atgecaccgt tgtcacagac aatgectgtce
caggtgtcce ggtgggacta gegetggage ceccgectaca acagggtggg aagagaagac
tggaggggga aggaagggag gaggggagaa ggaagggagg aggggagaag gaagggaggg

gotottgogt tgggggagty ggggtagtta taggcagaga agggecctgg ctccagecac
aagaacaggg agagccacct gccgctccag aagacctgec acctccacag aaatgetgge

tcttcagacc ttctggtcag tgggetggga cecagetctga ctggggatgt cctccaagge
ctgggactcc agttcctcag aaccaagagg ctacctgggce ttcctccaag aagggaccag
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3481 tggctaggag cagaagttgg catcagtaaa tattictgga atctaccaaa gggaggcecca
3541 ggtagaaccc cttcctcagt ctecctteee ctettcececee cagcettttaa gaggttgate
3601 ctttgtgctg tgtctettag cectttcate ggggatgece agaggcagac ageccaggct
3661 ggaggtgccce cagggaaggg tgctcacagt ggtcccaggg atacacttgg cttcgactge
3721 acagcccectg atcagatcect tgtggagggt gtccgatgac ttggggaggt tetettcece
3781 ttcctagagg aggaagtgac caagtttgaa ggcagcagaa atgaccacac agccaagagce
3841 ccatgcagct ccgeccagga tettactggg tcagtgacat tggtggaage ctecatgect
3901 cctcattcca cagceacctce tectatgttg accttaaaca ccggceteccec actgacacag
3961 actgggacga gctgagggca ctctcattta ctatcaagag ttgtattttt gtattgtcct
4021 ctetttttge caagtctaca tgtgttgact gtgcaatgga tttatgtage caacttcagt
4081 ctgcaaataa agcaaagtaa ctgga
[0095] The transcript variant X2 of cynomolgus monkey GPR68 mRNA is found in
GENBANK™ Accession No: XM_005562025.2, and has the nucleotide sequence set forth
below (SEQ ID NO: 13):
1 tgcgectgge tggaaatagt ttttaaaagg cttgctatgt ggtageattt gettggaacg
61 cccaggctcc actgaagggg atttccttag accecctace gcagagcaag gggagtggag
121 ccaaggctct tggcatgaat aagatgggca tgttttaaac tgtgttagtc cccagatcag
181 ggacctagca cagggctgtg gecgettccg gcaggaagga ctecgegecece cagtggeece
241 atgcaccgtg tgtctgttgg cticctggct ctggceattgt agcttataat tagettccaa
301 ggagcctgee ttggagggag gtggttacge caaaatgcetg ggcctttcca tectetgtgt
361 tatgtgtgtg agggagttta gtaagtgctc ctgagagceca gaaggeccce cgeggecaca
421 geceecgggct tggttectge tcaggggact gacacagttg caaacattga tgeccacect
481 atccttactc atgcccagag cettggetee atggecttca ctetgetget ctgccaaaca
541 ggatcctacc tgcttcacca catccatgge tcceccacctt cactgeactt tagaacagtc
601 cagggagctt taaagccatt gatgctggcea cctcacttgg gagcatgatt taaccagect
661 tgggtggggc tcgggceattg titttititt ataggctcee aggtatgtte tcatgeacgt
721 ggccagggtt gagecccagt gacccagatg ttgacagctt ccceecgecct tgectggate
781 ctggtatcct gtaggtgetg aaaggtggct agaattagec caccccctec tectgtatee
841 ccccaccgca gteectgaggg caccegeccc tagetcaggce tttcacattc ccggtgaggce
901 tgctcactga ctgggttgeg tggagageag aggaggatge gtggagagag ccattccgec
961 gccctcagcec tetggetgge gagtggttee tcggcaaccg cccagectga caccagattg
1021 gagttcacat gattctgect cagcetcggga atgggcagec tccggetggg gattttctag
1081 ccggagctgg gaggttcagg ctgcgggaag tcgetggagg gagagetggg gtegtggttg
1141 caagggtgcc caggctectg cagagcectct gcaggaagcec cagttgtttg aggtttgagg
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gcagagccca getgaggeag gcagagtcag agaggactcg tttcagactc cccectcaga
ggactccttc cgtectgatt tcagcagcetg tetgetecte acctgtettc agagaccaca
ccgecttect ggggecctga ggctetagga gaagetggaa agcacagggt cttgeccace
accagcgatg cccagccctt ggtagaactt gaaccacctt ctataaacag gatggegatg
gagagacagg cccagtccct gageccatga ggagtgtgge cccgtcagge ccaaagatgg
ggaacatcac tgcagacaac tcctccatga getgcaccat cgaccacacc atccaccaga
cgctggecce ggtggtetat gttaccgtge tggtggtagg cttcccggec aactgectgt
ccetctactt cggetacctg cagatcaagg cccggaacga getgggegtg tacctgtgea
acctgacggt ggccgacctc ttctacatct getegetgec cttetggetg cagtacgtge
tgcagcacga caactggtct cacggcgacc tgtcctgtca ggtgtgegge atcctectct
acgagaacat ctacatcagc gtgggcttcc tctgetgeat ctetgtggac cgctacctgg
ctgtggceeca tcectteege ttecaccagt tccggaccct gaaggeggec gtcggegtea
gcgtggtcat ctgggccaag gagcetgcetga cecageatcta cttectgatg cacgaggagg
tcatcgagga cgaggaccag caccgegtgt getttgagea ctaccccate caggeatgge
agcgcgcecat caactactac cgcttcctgg tgggcttect cttceceate tgectgetge
tggcgtccta ccagggceate ctgegegecg tgegecggag ccacggeace cagaagagec
gcaaggacca gatccagegg ctggtgcetca geaccgtggt catcttectg gectgettee
tgcectacca cgtgetgetg ctggtgegea gegtetggga ggecagetge gacttcgeca
agggcgtctt caacgcectac cacttctecc tectgetcac cagettcaac tgegtcgecg
acccggtgct ctactgette gtcagtgaga ccacccaccg ggacctggee cgectecgeg
gggcctgect ggccttecte acctgetcta ggaccggecg ggeccgggag gectaceege
tgggtgccce cgaggectce gggaaaagtg gggeccaggg cgaggagece gagetgttga
ccaagctcca cccggcecttc cagaccecta actcgecagg gatggtaggg tetgecacgg
gtgggttggce ctagectggg teccceegegg gtggggecct gtgaggectg agecttcage
ccatgggcect cagggecggce tgectectge ttecceccage accagtgecg ctttetgegg
aggcagcgag gccccgtgac tccagaagte tgetgteect tgetgagece getgggacgg
ccgagggegg gaataagecce cegttggttc atggtgtect ctgetgegge tgcgatgtgg
ccaggctggg getgetggtg gggggaagac agtgagetge getecctgge ctgctteceg
cagagtttgt gcatagggat tgtgaggact tggcggotog gaggcetggge gttcacttge
cagggccttc caatgccacc gttgtcacag acaatgcctg tccaggtgtc ccggtgggac
tagcgetgga gecccgecta caacagggtg ggaagagaag actggagggg gaaggaaggg
aggaggggag aaggaaggga ggaggggaga aggaagggag ggagtatigg gttggaggag
tgggggtagt tataggcaga gaagggecct ggctccagec acaagaacag ggagagecac
ctgccgcetee agaagacctg ccacctccac agaaatgetg getcttcaga cettetggte
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3241 agtggogctgg gaccagctct gactggggat gtcctccaag gectgggact cecagttecte
3301 agaaccaaga ggctacctgg gettcctcca agaagggacc agtggetagg agcagaagtt
3361 ggcatcagta aatattictg gaatctacca aagggaggcc caggtagaac cccttectea
3421 gtcteectte cectetteee cecagcettit aagaggttga tectttgtge tgtgtctett
3481 agccctttca tcggggatge ccagaggeag acageccagg ctggaggtge cccagggaag
3541 ggtgctcaca gtggtcccag ggatacactt ggcttcgact gcacagceccc tgatcagatc
3601 cttgtggagg gtgtccgatg acttggggag gttetctice cettectaga ggaggaagtg
3661 accaagtttg aaggcagcag aaatgaccac acagccaaga gcccatgcag cteccgeccag
3721 gatcttactg ggtcagtgac attggtggaa gectecatge ctectcattc cacagceacct
3781 cctectatgt tgaccttaaa caccggcetee ccactgacac agactgggac gagetgaggg
3841 cactctcatt tactatcaag agttgtattt tigtattgte ctctctittt gccaagtcta
3901 catgtgttga ctgtgcaatg gatttatgta gccaacttca gtctgcaaat aaagcaaagt
3961 aactgga
[0096] The transcript variant X3 of cynomolgus monkey GPR68 mRNA is found in
GENBANK™ Accession No: XM_005562028.2, and has the nucleotide sequence set forth
below (SEQ ID NO: 14):
1 tgcgectgge tggaaatagt ttttaaaagg cttgctatgt ggtageattt gettggaacg
61 cccaggctcc actgaagggg atttccttag accecctace gcagagcaag gggagtggag
121 ccaaggctct tggcatgaat aagatgggca tgttttaaac tgtgttagtc cccagatcag
181 ggacctagca cagggctgtg gecgettccg gcaggaagga ctecgegecece cagtggeece
241 atgcaccgtg tgtctgttgg cticctggct ctggceattgt agcttataat tagettccaa
301 ggagcctgee ttggagggag gtggttacge caaaatgcetg ggcctttcca tectetgtgt
361 tatgtgtgtg agggagttta gtaagtgctc ctgagagceca gaaggeccce cgeggecaca
421 geceecgggct tggttectge tcaggggact gacacagttg caaacattga tgeccacect
481 atccttactc atgcccagag cettggetee atggecttca ctetgetget ctgccaaaca
541 ggatcctacc tgcttcacca catccatgge tcceccacctt cactgeactt tagaacagtc
601 cagggagctt taaagccatt gatgctggcea cctcacttgg gagcatgatt taaccagect
661 tgggtggggc tcgggceattg titttititt ataggctcee aggtatgtte tcatgeacgt
721 ggccagggtt gagecccagt gacccagatg ttgacagctt cccececgecct tgectggate
781 ctggtatcct gtaggtgetg aaaggtggct agaattagec caccccctec tectgtatee
841 ccccaccgca gteectgaggg caccegeccc tagetcaggce tttcacattc ccggtgaggce
901 tgctcactga ctgggttgeg tggagageag aggaggatge gtggagagag ccattccgec
961 gccctcagcec tetggetgge gagtggttee tcggcaaccg cccagectga caccagattg
1021 gagttcacat gattctgect cagcetcggga atgggcagec tccggetggg gattttctag
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ccggagetgg gaggttcagg ctgegggaag tegetggagg gagagetgag gtegtggattg
caagggtgcc caggctcctg cagagectct gcaggaagec cagttgtttg aggtttgagg
gcagagccca getgaggeag gcagagtcag agaggactcg tttcagactc cccectcaga
ggactccttc cgtectgatt tcagcagcetg tetgetecte acctgtettc agagaccaca
ccgecttect ggggecctga ggctetagga gaagetggaa agcacaggtg ggggtccate
aagctgtttc caaactgcgg gttgtaaccc attcatgggg tettgcccac caccagcgat
gcccagcecct tggtagaact tgaaccacct tctataaaca ggatggeggt ggagagacag
gcccagtcec tgageccatg aggagtgtgg ccccgtcagg cccaaagatg gggaacatca
ctgcagacaa ctcctccatg agctgcacca tcgaccacac catccaccag acgetggecc
cggtgotcta tgttaccgtg ctggtggtag gettcecegge caactgectg tecctetact
tcggctacct gcagatcaag geccggaacy agetgggegt gtacctgtge aacctgacgg
tggccgacct cttctacate tgetcgcetge ccttetgget geagtacgtg ctgcageacg
acaactggtc tcacggcgac ctgtcctgtc aggtgtgegg catcctecte tacgagaaca
tctacatcag cgtgggcttc ctctgetgea tetetgtgga cegcetacctg getgtggece
atccctteeg cttccaccag ttccggacce tgaaggegge cgtcggegte agegtggtea
tctgggccaa ggagcetgcetg accagcatct acttcctgat gcacgaggag gtcatcgagg
acgaggacca gcaccgcegtg tgetttgage actaccccat ccaggceatgg cagegegeca
tcaactacta ccgcttcctg gtgggcttee tettcceeat ctgectgetg ctggegtect
accagggcat cctgecgegee gtgecgecgga gecacggeac ccagaagage cgcaaggacce
agatccagcg getggtgctc agcaccgtgg tcatcttcct ggectgctte ctgecctace
acgtgctgct getggtgege agegtctggg aggecagcetg cgacttcgec aagggegtet
tcaacgccta ccacttctce ctectgetca ccagcttcaa ctgegtcgee gacceggtge
tctactgctt cgtcagtgag accacccacc gggacctgge ccgectecege ggggectgec
tggccttect cacctgetct aggaccggece gggeccggga ggectaceeg ctgggtgece
ccgaggcctc cgggaaaagt ggggeccagg gcgaggagec cgagctgttg accaagctee
acccggcctt ccagacccct aactcgccag ggatggtagg gtctgecacg ggtgggttag
cctagectgg gteccceegeg ggtggggcecce tgtgaggect gagecttcag cecatgggec
tcagggcecegg ctgectectg cttccecccag caccagtgec getttetgeg gaggeagega
ggccccgtga ctccagaagt ctgetgteee ttgetgagec cgetgggacg gecgagggeg
ggaataagcc ccegttggtt catggtgtee tetgetgegg ctgegatgtg gecaggetgg
ggctgetggt ggggggaaga cagtgagcetg cgctecctgg cetgettcee geagagtitg
tgcataggga ttgtgaggac ttggcgogtg ggaggcetggg cgttcacttg ccagggectt
ccaatgccac cgttgtcaca gacaatgect gtccaggtgt cccggtggga ctagegetgg

agccccgect acaacagggt gggaagagaa gactggaggg ggaaggaagg gaggagggga
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3121 gaaggaaggg aggaggggag aaggaaggga gggggtgttg ggttggggga gtgggggtag
3181 ttataggcag agaagggccc tggctccage cacaagaaca gggagageca cctgecgete

3241 cagaagacct gccacctcca cagaaatgct ggctcttcag accttetggt cagtgggcetg
3301 ggaccagctc tgactgggga tgtcctccaa ggectgggac tccagttect cagaaccaag
3361 aggctacctg ggcttcctce aagaagggac cagtggcetag gagcagaagt tggcatcagt
3421 aaatattict ggaatctacc aaagggaggc ccaggtagaa ccccttccte agtetecctt
3481 cccctettee ceccagcttt taagaggttg atectttgtg ctgtgtetet tagecctttc
3541 atcggggatg cccagaggca gacageccag getggaggtg ccccagggaa gggtgetcac
3601 agtggtccca gggatacact tggettcgac tgcacagecce ctgatcagat cettgtggag
3661 ggtgtccgat gacttgggga ggtictettc cecticctag aggaggaagt gaccaagttt
3721 gaaggcagca gaaatgacca cacagccaag ageccatgea getccgecca ggatcettact
3781 gggtcagtga cattggtgga agcctcecatg cctectecatt ccacagceacc tectectatg
3841 ttgaccttaa acaccggctc cccactgaca cagactggga cgagcetgagg geactctcat
3901 ttactatcaa gagttgtatt tttgtattgt cctctctttt tgccaagtcet acatgtottg
3961 actgtgcaat ggatttatgt agccaacttc agtctgcaaa taaagcaaag taactgga
[0097] The transcript variant X4 of cynomolgus monkey GPR68 mRNA is found in
GENBANK™ Accession No: XM_015454130.1, and has the nucleotide sequence set forth
below (SEQ ID NO: 15):
1 aaaaaaaagt ggctaaaatg gcaaatgtta ttttacatgt attttaccac aacaaaaaca
61 agaagcacct ccctccacca ccatcactgg aattctagge cagtgecctg aagaggacgg
121 aagagggtct tgcccaccac cagcgatgec cageccttgg tagaacttga accaccttct
181 ataaacagga tggcggtgga gagacaggcc cagtccctga geccatgagg agtgtggece
241 cgtcaggcecc aaagatgggg aacatcactg cagacaactc ctccatgage tgcaccateg
301 accacaccat ccaccagacg ctggececcgg tggtctatgt taccgtgetg gtggtaggcet
361 tcceggecaa ctgectgtece ctetacttcg getacctgea gatcaaggec cggaacgage
421 tgggcgtgta cetgtgcaac ctgacggtgg ccgacctctt ctacatetge tegetgeect
481 tctggctgea gtacgtgetg cagcacgaca actggtctca cggegacctg tectgtcagg
541 tgtgcggcat cctectetac gagaacatct acatcagegt gggcettecte tgetgeatct
601 ctgtggaccg ctacctggct gtggeccate ccttccgett ccaccagtic cggaccctga
661 aggcggccgt cggegtcage gtggtcatet gggecaagga getgetgacce ageatcetact
721 tcctgatgeca cgaggaggtc atcgaggacg aggaccagcea ccgegtgtge tttgagceact
781 accccatcca ggcatggeag cgegecatca actactaceg ctteectggtg ggcttectet
841 tccecatcetg cetgetgetg gegtectace agggceatect gegegecgtg cgecggagec
901 acggcaccca gaagagcecge aaggaccaga tccageggct ggtgetcage accgtggtca
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961 tcttcetgge ctgcetteetg cecctaccacy tgetgetget ggtgegeage gtetgggagg

1021 ccagctgega cttcgecaag ggegtcttca acgectacca cttcteecte ctgcetcacca

1081 gcttcaactg cgtcgeecgac ceggtgetet actgettcgt cagtgagacce acccaccggg
1141 acctggcececg cetecgeggg geetgectgg cettecteac ctgetctagg accggecggg
1201 cccgggaggce ctaccegcetg ggtgeccecg aggectccgg gaaaagtggg geccagggcg
1261 aggagcccga getgttgace aagetccacce cggcecttcca gaccectaac tcgeccaggga
1321 tggtagggtc tgccacgggot gggttggect agectgggtc ccececgegggat ggggcecctgt
1381 gaggcctgag ccttcagece atgggectca gggecggctg cetectgett ceccccageac
1441 cagtgccegct tictgeggag gcagegaggce cccgtgactc cagaagtcetg ctgteccttg
1501 ctgagccecgce tgggacggec gagggeggga ataagecccec gttggttcat ggtgtectet
1561 gctgeggctg cgatgtggec aggetggggc tgetggtggg gggaagacag tgagetgege
1621 tcectggect gettcececgea gagtttgtge atagggattg tgaggacttg gegggtggga

1681 ggctgggegt tcacttgeca gggcecticca atgecaccegt tgtcacagac aatgcectgte
1741 caggtgtcee ggtgggacta gegetggage cecgectaca acagggtggg aagagaagac

1801 tggaggggga aggaagggag gaggggagaa ggaagggagg aggggagaag gaagggagag

1861 ggtottgggt tgggggagtg ggggtagtta taggcagaga agggcecctgg ctccagecac
1921 aagaacaggg agagccacct gccgcetccag aagacctgec acctccacag aaatgetgge

1981 tcttcagacc ttctggtcag tgggcetggga ccagetcetga ctggggatgt cctccaagge

2041 ctgggactcc agttcctcag aaccaagagg ctacctgggc ttcctccaag aagggaccag

2101 tggctaggag cagaagttgg catcagtaaa tatttctgga atctaccaaa gggaggecca

2161 ggtagaaccc cttcctcagt cteccttecee ctettceece cagcttttaa gaggttgate

2221 ctitgtgetg tgtetcttag cectttcate ggggatgecc agaggcagac ageccaggct

2281 ggaggtgccc cagggaaggg tgctcacagt ggtcccaggg atacacttgg cttcgactge

2341 acagcccctg atcagatect tgtggagggt gtccgatgac ttggggaggt tetcttecee

2401 ttcctagagg aggaagtgac caagtttgaa ggcagcagaa atgaccacac agccaagagce

2461 ccatgcagct ccgeccagga tettactggg tcagtgacat tggtggaage ctecatgect

2521 cctcattcca cagcacctcec tectatgttg accttaaaca ccggcetccce actgacacag

2581 actgggacga getgagggcea ctctcattta ctatcaagag ttgtattttt gtattgtcct

2641 ctctttttge caagtctaca tgtgttgact gtgcaatgga tttatgtage caacttcagt

2701 ctgcaaataa agcaaagtaa ctgga
[0098] The term “isolated,” when applied to a nucleic acid or protein, denotes that the
nucleic acid or protein is essentially free of other cellular components with which it is associated
in the natural state. It is preferably in a homogeneous state. It can be in either a dry or

aqueous solution. Purity and homogeneity are typically determined using analytical chemistry
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techniques such as polyacrylamide gel electrophoresis or high performance liquid
chromatography. A protein that is the predominant species present in a preparation is
substantially purified. In particular, an isolated gene is separated from open reading frames that
flank the gene and encode a protein other than the gene of interest. The term "purified" denotes
that a nucleic acid or protein gives rise to essentially one band in an electrophoretic gel.
Particularly, it means that the nucleic acid or protein is at least 85% pure, more preferably at
least 95% pure, and most preferably at least 99% pure.

[0099] The term “nucleic acid” or “polynucleotide” refers to deoxyribonucleic acids (DNA)
or ribonucleic acids (RNA) and polymers thereof in either single- or double-stranded form.
Unless specifically limited, the term encompasses nucleic acids containing known analogues of
natural nucleotides that have similar binding properties as the reference nucleic acid and are
metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise indicated,
a particular nucleic acid sequence also implicitly encompasses conservatively modified variants
thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs, and complementary
sequences as well as the sequence explicitly indicated. Specifically, degenerate codon
substitutions may be achieved by generating sequences in which the third position of one or
more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608
(1985); and Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).

[00100] The terms “polypeptide,” “peptide,” and “protein” are used interchangeably herein
to refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers and non-naturally
occurring amino acid polymer.

[00101] The term “amino acid” refers to naturally occurring and synthetic amino acids, as
well as amino acid analogs and amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino acids are those encoded by the
genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline, y-
carboxyglutamate, and O-phosphoserine. Amino acid analogs refer to compounds that have
the same basic chemical structure as a naturally occurring amino acid, i.e., an a-carbon that is
bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine,
norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified R
groups (e.g., norleucine) or modified peptide backbones, but retain the same basic chemical

structure as a naturally occurring amino acid. Amino acid mimetics refers to chemical
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compounds that have a structure that is different from the general chemical structure of an
amino acid, but that functions in a manner similar to a naturally occurring amino acid.

[00102] “Conservatively modified variants” applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, conservatively modified variants
refers to those nucleic acids which encode identical or essentially identical amino acid
sequences, or where the nucleic acid does not encode an amino acid sequence, to essentially
identical sequences. Because of the degeneracy of the genetic code, a large number of
functionally identical nucleic acids encode any given protein. For instance, the codons GCA,
GCC, GCG, and GCU all encode the amino acid alanine. Thus, at every position where an
alanine is specified by a codon, the codon can be altered to any of the corresponding codons
described without altering the encoded polypeptide. Such nucleic acid variations are “silent
variations,” which are one species of conservatively modified variations. Every nucleic acid
sequence herein which encodes a polypeptide also describes every possible silent variation of
the nucleic acid. One of skill will recognize that each codon in a nucleic acid (except AUG,
which is ordinarily the only codon for methionine, and TGG, which is ordinarily the only codon
for tryptophan) can be modified to yield a functionally identical molecule. Accordingly, each
silent variation of a nucleic acid that encodes a polypeptide is implicit in each described
sequence.

[00103] As to amino acid sequences, one of skill will recognize that individual substitutions,
deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequence which alters,
adds or deletes a single amino acid or a small percentage of amino acids in the encoded
sequence is a “conservatively modified variant” where the alteration results in the substitution of
an amino acid with a chemically similar amino acid. Conservative substitution tables providing
functionally similar amino acids are well known in the art. Such conservatively modified variants
are in addition to and do not exclude polymorphic variants, interspecies homologs, and alleles.
The following eight groups each contain amino acids that are conservative substitutions for one
another: 1) Alanine (A), Glycine (G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N),
Glutamine (Q); 4) Arginine (R), Lysine (K); 5) Isoleucine (1), Leucine (L), Methionine (M), Valine
(V); 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S), Threonine (T); and 8)
Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins (1984)).

[00104] “Percentage of sequence identity” is determined by comparing two optimally
aligned sequences over a comparison window, wherein the portion of the polynucleotide
sequence in the comparison window may comprise additions or deletions (i.e., gaps) as

compared to the reference sequence (e.g., a polypeptide), which does not comprise additions or
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deletions, for optimal alignment of the two sequences. The percentage is calculated by
determining the number of positions at which the identical nucleic acid base or amino acid
residue occurs in both sequences to yield the number of matched positions, dividing the number
of matched positions by the total number of positions in the window of comparison and
multiplying the result by 100 to yield the percentage of sequence identity.

[00105] The terms “identical” or percent “identity,” in the context of two or more nucleic
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the
same sequences. Two sequences are “substantially identical” if two sequences have a
specified percentage of amino acid residues or nucleotides that are the same (i.e., at least
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity over
a specified region, or, when not specified, over the entire sequence of a reference sequence),
when compared and aligned for maximum correspondence over a comparison window, or
designated region as measured using one of the following sequence comparison algorithms or
by manual alignment and visual inspection. The disclosure provides polypeptides or
polynucleotides that are substantially identical to the polypeptides or polynucleotides,
respectively, exemplified herein. The identity exists over a region that is at least about 15, 25 or
50 nucleotides in length, or more preferably over a region that is 100 to 500 or 1000 or more
nucleotides in length, or over the full length of the reference sequence. With respect to amino
acid sequences, identity or substantial identity can exist over a region that is at least 5, 10, 15 or
20 amino acids in length, optionally at least about 25, 30, 35, 40, 50, 75 or 100 amino acids in
length, optionally at least about 150, 200 or 250 amino acids in length, or over the full length of
the reference sequence. With respect to shorter amino acid sequences, e.g., amino acid
sequences of 20 or fewer amino acids, substantial identity exists when one or two amino acid
residues are conservatively substituted, according to the conservative substitutions defined
herein.

[00106] For sequence comparison, typically one sequence acts as a reference sequence,
to which test sequences are compared. When using a sequence comparison algorithm, test
and reference sequences are entered into a computer, subsequence coordinates are
designated, if necessary, and sequence algorithm program parameters are designated. Default
program parameters can be used, or alternative parameters can be designated. The sequence
comparison algorithm then calculates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program parameters.

[00107] A “comparison window,” as used herein, includes reference to a segment of any
one of the number of contiguous positions selected from the group consisting of from 20 to 600,
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usually about 50 to about 200, more usually about 100 to about 150 in which a sequence may
be compared to a reference sequence of the same number of contiguous positions after the two
sequences are optimally aligned. Methods of alignment of sequences for comparison are well
known in the art. Optimal alignment of sequences for comparison can be conducted, e.g., by
the local homology algorithm of Smith and Waterman (1970) Adv. Appl. Math. 2:482¢, by the
homology alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 48:443, by the
search for similarity method of Pearson and Lipman (1988) Proc. Nat'l. Acad. Sci. USA 85:2444,
by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr.,
Madison, WI), or by manual alignment and visual inspection (see, e.g., Ausubel et al., Current
Protocols in Molecular Biology (1995 supplement)).

[00108] Two examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described
in Altschul ef al. (1977) Nuc. Acids Res. 25:3389-3402, and Alischul et al. (1990) J. Mol. Biol.
215:403-410, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information. This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identifying short words of length W in the
query sequence, which either match or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul et al., supra). These initial neighborhood word hits
act as seeds for initiating searches to find longer HSPs containing them. The word hits are
extended in both directions along each sequence for as far as the cumulative alignment score
can be increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N (penalty score
for mismatching residues; always < 0). For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN
program (for nucleotide sequences) uses as defaults a wordlength (W) of 11, an expectation (E)
or 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences, the BLASTP
program uses as defaults a wordlength of 3, and expectation (E) of 10, and the BLOSUM62
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scoring matrix (see Henikoff and Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915)
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands.
[00109] The BLAST algorithm also performs a statistical analysis of the similarity between
two sequences (see, e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5787).
One measure of similarity provided by the BLAST algorithm is the smallest sum probability
(P(N)), which provides an indication of the probability by which a match between two nucleotide
or amino acid sequences would occur by chance. For example, a nucleic acid is considered
similar to a reference sequence if the smallest sum probability in a comparison of the test
nucleic acid to the reference nucleic acid is less than about 0.2, more preferably less than about
0.01, and most preferably less than about 0.001.

[00110] An indication that two nucleic acid sequences or polypeptides are substantially
identical is that the polypeptide encoded by the first nucleic acid is immunologically cross
reactive with the antibodies raised against the polypeptide encoded by the second nucleic acid,
as described below. Thus, a polypeptide is typically substantially identical to a second
polypeptide, for example, where the two peptides differ only by conservative substitutions.
Another indication that two nucleic acid sequences are substantially identical is that the two
molecules or their complements hybridize to each other under stringent conditions, as described
below. Yet another indication that two nucleic acid sequences are substantially identical is that
the same primers can be used to amplify the sequence.

[00111] The terms “subject,” “patient,” and “individual” interchangeably refer to a mammal,
for example, a human or a non-human primate mammal. The mammal can also be a laboratory
mammal, e.g., mouse, rat, rabbit, hamster. In some embodiments, the mammal can be an
agricultural mammal (e.g., equine, ovine, bovine, porcine, camelid) or domestic mammal (e.g.,
canine, feline).

[00112] As used herein, the terms “treat,” “treating,” or “treatment” of any disease or

disorder refer in one embodiment, to ameliorating the disease or disorder (i.e., slowing or
arresting or reducing the development of the disease or at least one of the clinical symptoms

thereof). In another embodiment, “treat,” “treating,” or “treatment” refers to alleviating or

ameliorating at least one physical parameter including those which may not be discernible by

the patient. In yet another embodiment, “treat,” “treating,” or “treatment” refers to modulating
the disease or disorder, either physically, (e.g., stabilization of a discernible symptom),
physiologically, (e.g., stabilization of a physical parameter), or both. In yet another embodiment,

“treat,” “treating,” or “treatment” refers to preventing or delaying the onset or development or

progression of a disease or disorder.
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[00113] The terms “therapeutically acceptable amount” or “therapeutically effective dose”
interchangeably refer to an amount sufficient to effect the desired result (i.e., a reduction in
inflammation, inhibition of pain, prevention of inflammation, inhibition or prevention of
inflammatory response). In some embodiments, a therapeutically acceptable amount does not
induce or cause undesirable side effects. A therapeutically acceptable amount can be
determined by first administering a low dose, and then incrementally increasing that dose until
the desired effect is achieved. In some embodiments, a “prophylactically effective dosage,” and
a “therapeutically effective dosage,” of a GPR68 modulator can prevent the onset of, or result in
a decrease in severity of, respectively, disease symptoms, including symptoms associated with
a cardiovascular disease or liver fibrosis.

[00114] As used herein, the phrase “consisting essentially of” refers to the genera or
species of active pharmaceutical agents included in a method or composition, as well as any
inactive carrier or excipients for the intended purpose of the methods or compositions. In some
embodiments, the phrase “consisting essentially of” expressly excludes the inclusion of one or
more additional active agents other than a GPR68 modulator. In some embodiments, the
phrase “consisting essentially of” expressly excludes the inclusion of more additional active
agents other than a GPR68 modulator and a second co-administered agent.

[00115] The terms "a," "an," and "the" include plural referents, unless the context clearly

indicates otherwise.

GPR68 Modulators
[00116] Some embodiments of the present invention provides a modulator, e.g., an

antagonist or an agonist, of a GPR68 gene product.

[00117] The term “a GPR68 polypeptide” is used to refer collectively to all naturally
occurring isoforms of a GPR68 protein of any species, or a variant thereof. For example, a
“GPR68 polypeptide” can be a human GPR68 polypeptide, a mouse GPR68 popypeptide, a rat
GPR68 polypeptide, a cyno GPR68 polypeptide, or a variant thereof. In some embodiments, a
GPRB88 polypeptide can be a protein having the amino acid sequence of SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, or a variant thereof.

[00118] A GPR®68 variant can differ from a naturally occurring GPR68 protein by, for
example, a modification (e.g., substitution, deletion, or insertion) of one or more amino acid
residues in the naturally occurring GPR68 protein, but retains the biological activities of GPR68,
e.g., endothelial shear stress sensor or mechanosensor activity. The GPR68 variant can have

one or more conservative or nonconservative amino acid substitution. A “conservative amino
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acid substitution” is one in which the amino acid residue is replaced with an amino acid residue
having a similar side chain. Families of amino acid residues having similar side chains have
been defined in the art. These families include amino acids with basic side chains (e.g., lysine,
arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side
chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan),
beta-branched side chains(e.g., threonine, valine, isoleucine) and aromatic side chains (e.g.,
tyrosine, phenylalanine, tryptophan, histidine).

[00119] In some embodiments, the GPR68 variant includes one or more mutations (e.g.,
substitutions (e.g., conservative substitutions or substitutions), insertions, or deletions) of non-
essential amino acids relative to a naturally occurring GPR68 protein. A “non-essential” amino
acid residue is a residue that can be altered from the wild-type sequence of GPR68 protein
without abolishing or more preferably, without substantially altering a biological activity, such as
endothelial shear stress sensor or mechanosensor activity, whereas changing an “essential”
amino acid residue results in a substantial loss of biological activity.

[00120] A GPR68 variant may have at least one, two, three, or four, and no more than 10,
9, 8,7, 6, or 5 mutations (e.g., substitutions (e.g., conservative substitutions or substitutions of
non-essential amino acids), insertions, or deletions) relative to a naturally occurring GPR68
protein. Whether or not a particular substitution will be tolerated, i.e., will not adversely affect
biological properties, such as fusogenic activity, can be predicted, e.g., by evaluating whether
the mutation is conservative or by an activity assay.

[00121] In some embodiments, a GPR68 variant can have about 85%, 20%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or higher sequence identity to a naturally occurring
GPR68 protein. For example, a human GPR68 variant can have about 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or higher sequence identity to SEQ ID NO: 1. A mouse
GPR68 variant can have about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or higher sequence identity to SEQ ID NO: 2. A rat GPR68 variant can have about 85%, 90%,
%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher sequence identity to SEQ ID NO:
3. A cyno GPR68 variant can have about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or higher sequence identity to SEQ ID NO: 4.

[00122] In some embodiments, the modulator of a GPR68 gene product may decrease or
increase the level of a GPR68 gene product. It will be understood by one skilled in the art,
based upon the disclosure provided herein, that a decrease or increase in the level of a GPR68
gene product encompasses the decrease or increase in the expression, including DNA
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transcription, mRNA translation, mRNA stability, protein stability or any all of their combinations.
The skilled artisan will also appreciate, once armed with the teachings of the present invention,
that a decrease or increase in the level of a GPR68 gene product includes a decrease or
increase in the activity of GPR68, e.g., endothelial shear stress sensor or mechanosensor
activity. Thus, decrease or increase in the level or activity of GPR68 includes, but is not limited
to, decreasing or increasing the amount of polypeptide of GPR68, and decreasing or increasing
transcription, translation, or both, of a nucleic acid encoding GPR68; and it also includes
decreasing or increasing any activity of GPR68, e.g., endothelial shear stress sensor or
mechanosensor activity.

[00123] In some embodiments, the modulator of a GPR68 gene product, e.g., an agonist or
antagonist of a GPR68 gene product, may reduce flow-mediated dilation (FMD) response
and/or flow-mediated outward remodeling (FMR) of small-diameter arteries, also known as
resistance arteries, in a subject. For example, the modulatoer of a GPR68 gene product, e.g.,
an agonist or antagonist of a GPR68 gene product, may reduce the FMR response and/or FMR
of small-diameter arteries in a subject by at least 10%, at least 20%, at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or more.

[00124] In some embodiments, the modulator of a GPR68 gene product, e.g., an agonist or
antagonist of a GPR68 gene product, may reduce the systemic vascular resistance (SVR)
and/or the left ventricle afterload of a subject. For example, the modulator of a GPR68 gene
product, e.g., an agonist or antagonist of a GPR68 gene product, may reduce the SVR and/or
the left ventricle afterload of a subject by at least 10%, at least 20%, at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or more.

Small Molecule GPR68 Modulators
[00125] In various embodiments, the GPR68 modulator is a small molecule. When the

GPR68 modulator is a small molecule, a small molecule may be obtained using standard
methods known to the skilled artisan. Such methods include chemical organic synthesis or
biological means. Biological means include purification from a biological source, recombinant
synthesis and in vitro translation systems, using methods well known in the art. In one
embodiment, a small molecule modulator of the invention comprises an organic molecule,
inorganic molecule, biomolecule, synthetic molecule, and the like.

[00126] Combinatorial libraries of molecularly diverse chemical compounds potentially
useful in treating a variety of diseases and conditions are well known in the art as are methods

of making the libraries. The methods may use a variety of techniques well-known to the skilled
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artisan including solid phase synthesis, solution methods, parallel synthesis of single
compounds, synthesis of chemical mixtures, rigid core structures, flexible linear sequences,
deconvolution strategies, tagging techniques, and generating unbiased molecular landscapes
for lead discovery vs. biased structures for lead development.

[00127] In a general method for small library synthesis, an activated core molecule is
condensed with a number of building blocks, resulting in a combinatorial library of covalently
linked, core-building block ensembles. The shape and rigidity of the core determines the
orientation of the building blocks in shape space. The libraries can be biased by changing the
core, linkage, or building blocks to target a characterized biological structure (“focused libraries”)
or synthesized with less structural bias using flexible cores.

[00128] When the modulator is a small molecule, a small molecule antagonist or agonist
may be obtained using standard methods known to the skilled artisan. Such methods include
chemical organic synthesis or biological means. Biological means include purification from a
biological source, recombinant synthesis and in vitro translation systems, using methods well
known in the art. In one embodiment, the GPR68 modulator is a small molecule compound
named Ogerin.

GPR68 BRNAi Molecules
[00129] In various embodiments, the expression of GPR68 may be inhibited by an RNA

interference (RNAIi) molecule, e.g., siRNA, shRNA, etc. In some embodiments, the RNAI
molecules comprise an antisense strand and a sense strand. In some embodiments, the
antisense and sense strand can be two physically separated strands, or can be components of
a single strand or molecule, e.g., they are linked a loop of nucleotides or other linker. A non-
limiting example of the former is a siRNA; a non-limiting example of the latter is a shRNA. The
can also, optionally, exist single-stranded nicks in the sense strand, or one or more mismatches
between the antisense and sense strands. Some RNAi agents for GPR68 are available
commercially, e.g., GPR68 TRC lentiviral shRNA from Dharmacon.

[00130] Alternatively, RNA interference molecules can be determined using computer
software programs and the gene of GPR68.

[00131] Public access software programs and methods of predicting and selecting
antisense oligonucleotides and siRNA are known in the art and are also found on the world wide
web sites of GENSCRIPT™, AMBION®, DHARMACON™, OLIGOENGINE™, Wadsworth
Bioinformatics Center, Whitehead Institute at the Massachusetts Institute of Technology and are
also described in U.S. Pat. No. 6,060,248. After selecting the antisense oligonucleotides and
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siRNA sequences, these molecules can be produced biologically using an expression vector
carrying the polynucleotides that encode the siRNA or antisense RNA. General molecular
biological methods known in the art can be used to clone these sequences into the expression
vectors. Examples of such are described herein.

[00132] As used herein, the term “RNAi agent,” "RNAi molecule,"” "GPR68 RNAi molecule”,
"siRNA to GPR68", "GPR68 targeting siRNA" and the like refer to an siRNA (short inhibitory
RNA), shRNA (short or small hairpin RNA), iRNA (interference RNA) agent, RNAi (RNA
interference) agent, dsRNA (double-stranded RNA), microRNA, and the like, which specifically
binds to the GPR68 mRNA and which mediates the targeted cleavage of the RNA transcript via
an RNA-induced silencing complex (RISC) pathway. In one embodiment, the RNAI agent is an
oligonucleotide composition that activates the RISC complex/pathway. In another embodiment,
the RNAi agent comprises an antisense strand sequence (antisense oligonucleotide). In one
embodiment, the RNAi comprises a single strand. This single-stranded RNAi agent
oligonucleotide or polynucleotide can comprise the sense or antisense strand, as described by
Sioud 2005 J. Mol. Bioi. 348:1079-1090, and references therein. Thus the disclosure
encompasses RNAi agents with a single strand comprising either the sense or antisense strand
of an RNAI agent described herein. The use of the RNAi agent to GPR68 results in a decrease
of GPR68 post-translational modification, production, expression, level, stability and/or activity,
e.g., a "knock-down" or "knock-out" of the GPR68 target gene or target sequence. In some
embodiments, the GPR68 antagonist is molecule capable of mediating RNA interference
against a GPR68 mRNA selected from the group consisting of SEQ ID NOs: 5-15.

[00133] RNA interference-inducing molecules include but are not limited to siRNA, dsRNA,
stRNA, shRNA, microRNAi (mRNAi)/microRNA (miRNA), antisense oligonucleotides etc. and
modified versions thereof, where the RNA interference molecule silences the gene expression
of GPR68. An anti-sense oligonucleic acid, or a nucleic acid analogue, for example but are not
limited to DNA, RNA, peptide-nucleic acid (PNA), pseudo-complementary PNA (pc-PNA), or
locked nucleic acid (LNA) and the like.

[00134] RNA interference (RNAI) is an evolutionally conserved process whereby the
expression or introduction of RNA of a sequence that is identical or highly similar to a target
gene results in the sequence specific degradation or specific post-transcriptional gene silencing
(PTGS) of messenger RNA (mRNA) transcribed from that targeted gene (see Coburn, G. and
Cullen, B. (2002) J. of Virology 76(18):9225), thereby inhibiting expression of the target gene. In
one embodiment, the RNA is double stranded RNA (dsRNA). This process has been described
in plants, invertebrates, and mammalian cells. In nature, RNAI is initiated by the dsRNA-specific
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endonuclease Dicer, which promotes processive cleavage of long dsRNA into double-stranded
fragments termed siRNAs. siRNAs are incorporated into a protein complex (termed “RNA
induced silencing complex,” or “RISC”) that recognizes and cleaves target mMRNAs. RNAi can
also be initiated by introducing nucleic acid molecules, e.g., synthetic siRNAs or RNA interfering
agents, to inhibit or silence the expression of target genes. As used herein, “inhibition of target
gene expression” includes any decrease in expression or protein activity or level of the target
gene or protein encoded by the target gene as compared to a situation wherein no RNA
interference has been induced. The decrease can be of at least 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95% or 99% or more as compared to the expression of a target gene or the activity
or level of the protein encoded by a target gene which has not been targeted by an RNA
interfering agent.

[00135] “Short interfering RNA” (siRNA), also referred to herein as “small interfering RNA”
is defined as an agent which functions to inhibit expression of a target gene, e.g., by RNAi. A
siRNA can be chemically synthesized, can be produced by in vitro transcription, or can be
produced within a host cell. In one embodiment, siRNA is a double stranded RNA (dsRNA)
molecule of about 15 to about 40 nucleotides in length, preferably about 15 to about 28
nucleotides, more preferably about 19 to about 25 nucleotides in length, and more preferably
about 19, 20, 21, 22, or 23 nucleotides in length, and can contain a 3’ and/or 5' overhang on
each strand having a length of about 0, 1, 2, 3, 4, or 5 nucleotides. The length of the overhang
is independent between the two strands, i.e., the length of the overhang on one strand is not
dependent on the length of the overhang on the second strand. Preferably the siRNA is capable
of promoting RNA interference through degradation or specific post-transcriptional gene
silencing (PTGS) of the target messenger RNA (mRNA).

[00136] siRNAs also include small hairpin (also called stem loop) RNAs (shRNAs). In one
embodiment, these shRNAs are composed of a short (e.g., about 19 to about 25 nucleotide)
antisense strand, followed by a nucleotide loop of about 5 to about 9 nucleotides, and the
analogous sense strand. Alternatively, the sense strand can precede the nucleotide loop
structure and the antisense strand can follow. These shRNAs can be contained in plasmids,
retroviruses, and lentiviruses and expressed from, for example, the pol lll U6 promoter, or
another promoter (see, e.g., Stewart, et al. (2003) RNA April; 9(4):493-501, incorporated by
reference herein in its entirety).

[00137] The target gene or sequence of the RNA interfering agent can be a cellular gene or
genomic sequence, e.g. a GPR68 gene. An siRNA can be substantially homologous to the
target gene or genomic sequence, or a fragment thereof. As used in this context, the term
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“homologous” is defined as being substantially identical, sufficiently complementary, or similar to
the target mRNA, or a fragment thereof, to effect RNA interference of the target. In addition to
native RNA molecules, RNA suitable for inhibiting or interfering with the expression of a target
sequence includes RNA derivatives and analogs. Preferably, the siRNA is identical to its target.
[00138] The siRNA preferably targets only one sequence. Each of the RNA interfering
agents, such as siRNAs, can be screened for potential off-target effects by, for example,
expression profiling. Such methods are known to one skilled in the art and are described, for
example, in Jackson et al, Nature Biotechnology 6:635-637, 2003. In addition to expression
profiling, one can also screen the potential target sequences for similar sequences in the
sequence databases to identify potential sequences which can have off-target effects. For
example, according to Jackson et al. (Id.) 15, or perhaps as few as 11 contiguous nucleotides of
sequence identity are sufficient to direct silencing of non-targeted transcripts. Therefore, one
can initially screen the proposed siRNAs to avoid potential off-target silencing using the
sequence identity analysis by any known sequence comparison methods, such as BLAST.
[00139] siRNA molecules need not be limited to those molecules containing only RNA, but,
for example, further encompasses chemically modified nucleotides and non-nucleotides, and
also include molecules wherein a ribose sugar molecule is substituted for another sugar
molecule or a molecule which performs a similar function. Moreover, a non-natural linkage
between nucleotide residues can be used, such as a phosphorothioate linkage. For example,
siRNA containing D-arabinofuranosyl structures in place of the naturally-occurring D-
ribonucleosides found in RNA can be used in RNAI molecules according to the present
invention (U.S. Pat. No. 5,177,196). Other examples include RNA molecules containing the o-
linkage between the sugar and the heterocyclic base of the nucleoside, which confers nuclease
resistance and tight complementary strand binding to the oligonucleotides molecules similar to
the oligonucleotides containing 2'-O-methyl ribose, arabinose and particularly D-arabinose (U.S.
Pat. No. 5,177,196).

[00140] The RNA strand can be derivatized with a reactive functional group of a reporter
group, such as a fluorophore. Particularly useful derivatives are modified at a terminus or termini
of an RNA strand, typically the 3’ terminus of the sense strand. For example, the 2'-hydroxyl at
the 3' terminus can be readily and selectively derivatized with a variety of groups.

[00141] siRNA and miRNA molecules having various “tails” covalently attached to either
their 3'- or to their 5'-ends, or to both, are also known in the art and can be used to stabilize the
siRNA and miRNA molecules delivered using the methods of the present invention. Generally
speaking, intercalating groups, various kinds of reporter groups and lipophilic groups attached to
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the 3' or 5’ ends of the RNA molecules are well known to one skilled in the art and are useful
according to the methods of the present invention. Descriptions of syntheses of 3'-cholesterol or
3'-acridine modified oligonucleotides applicable to preparation of modified RNA molecules
useful according to the present invention can be found, for example, in the articles: Gamper, H.
B., Reed, M. W., Cox, T., Virosco, J. S., Adams, A. D., Gall, A., Scholler, J. K., and Meyer, R. B.
(1993) Facile Preparation and Exonuclease Stability of 3'-Modified Oligodeoxynucleotides.
Nucleic Acids Res. 21 145-150; and Reed, M. W., Adams, A. D., Nelson, J. S., and Meyer, R.
B., Jr. (1991) Acridine and Cholesterol-Derivatized Solid Supports for Improved Synthesis of 3'-
Modified Oligonucleotides. Bioconjugate Chem. 2 217-225 (1993).

[00142] siRNAs useful for the methods described herein include siRNA molecules of about
15 to about 40 or about 15 to about 28 nucleotides in length, which are homologous to the
GPRB68 gene. Preferably, the GPR68 targeting siRNA molecules have a length of about 19 to
about 25 nucleotides. More preferably, the targeting siRNA molecules have a length of about
19, 20, 21, or 22 nucleotides. The targeting siRNA molecules can also comprise a 3' hydroxyl
group. The targeting siRNA molecules can be single-stranded or double stranded; such
molecules can be blunt ended or comprise overhanging ends (e.g., 5', 3'). In specific
embodiments, the RNA molecule is double stranded and either blunt ended or comprises
overhanging ends.

[00143] In one embodiment, at least one strand of the GPR68 targeting RNA molecule has
a 3' overhang from about 0 to about 6 nucleotides (e.g., pyrimidine nucleotides, purine
nucleotides) in length. In other embodiments, the 3' overhang is from about 1 to about 5
nucleotides, from about 1 to about 3 nucleotides and from about 2 to about 4 nucleotides in
length. In one embodiment the targeting RNA molecule is double stranded—one strand has a 3’
overhang and the other strand can be blunt-ended or have an overhang. In the embodiment in
which the targeting RNA molecule is double stranded and both strands comprise an overhang,
the length of the overhangs can be the same or different for each strand. In a particular
embodiment, the RNA of the present invention comprises about 19, 20, 21, or 22 nucleotides
which are paired and which have overhangs of from about 1 to about 3, particularly about 2,
nucleotides on both 3’ ends of the RNA. In one embodiment, the 3' overhangs can be stabilized
against degradation. In a preferred embodiment, the RNA is stabilized by including purine
nucleotides, such as adenosine or guanosine nucleotides. Alternatively, substitution of
pyrimidine nucleotides by modified analogues, e.g., substitution of uridine 2 nucleotide 3’
overhangs by 2'-deoxythymidine is tolerated and does not affect the efficiency of RNAIi. The
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absence of a 2’ hydroxyl significantly enhances the nuclease resistance of the overhang in
tissue culture medium.

[00144] In one embodiment, the RNAi agent comprises a modification that causes the
RNAI agent to have increased stability in a biological sample or environment.

[00145] In one embodiment, the RNAi agent comprises at least one sugar backbone
modification (e.g., phosphorothioate linkage) or at least one 2' -modified nucleotide.

[00146] In one embodiment, the RNAi agent comprises: at least one 5'-uridine-adenine-3'
(5'-ua-3') dinucleotide, wherein the uridine is a 2'-modified nucleotide; at least one 5'-uridine-5
guanine-3' (5' -ug-3') dinucleotide, wherein the 5'-uridine is a 2' -modified nucleotide; at least
one 5'-cytidine-adenine-3' (5'-ca-3') dinucleotide, wherein the 5'-cytidine is a 2'-modified
nucleotide; or at least one 5'-uridine-uridine-3' (5' -uu-3 ') dinucleotide, wherein the 5' -uridine is
a 2'-modified nucleotide. These dinucleotide motifs are particularly prone to serum nuclease
degradation (e.g. RNase A). Chemical modification at the 2'-position of the first pyrimidine
nucleotide in the motif prevents or slows down such cleavage. This modification recipe is also
known under the term 'endo light'.

[00147] In one embodiment, the RNAi agent comprises a 2'-modification selected from the
group consisting of: 2'-deoxy, 2'-deoxy-2'-fluoro, 2’-O-methyl, 2’-O-methoxyethyl (2’-O-MOE), 2'-
O-aminopropyl (2'-0O-AP), 2’-O-dimethylaminoethyl (2’-O-DMAOE), 2’-O-dimethylaminopropyl
(2’-O-DMAP), 2’-O-dimethylaminoethyloxyethyl (2'-O-DMAEOE), and 2’-O-N-methylacetamido
(2’-O-NMA). In one embodiment, all pyrimidines (uridine and cytidine) are 2'-O-methyl-modified
nucleosides. In some embodiments, one or more nucleotides can be modified, or substituted
with DNA, or a nucleotide substitute such as a peptide nucleic acid (PNA), locked nucleic acid
(LNA), morpholino nucleotide, threose nucleic acid (TNA), glycol nucleic acid (GNA), arabinose
nucleic acid (ANA), 2’-fluoroarabinose nucleic acid (FANA), cyclohexene nucleic acid (CeNA),
anhydrohexitol nucleic acid (HNA), unlocked nucleic acid (UNA).

[00148] In some embodiments, the sense and/or antisense strand can terminate at the 3’
end with a phosphate or modified internucleoside linker, and further comprise, in 5’ to 3’ order: a
spacer, a second phosphate or modified internucleoside linker, and a 3’ end cap. In some
embodiments, modified internucleoside linker is selected from phosphorothioate,
phosphorodithioate, phosphoramidate, boranophosphonoate, an amide linker, and a compound
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of formula (I): e (1), where R® is selected from O-, S-, NH,, BHs, CHs, Cisalkyl, Ce.10
aryl, Ci.¢ alkoxy and Ce-10 aryl-oxy, wherein C1¢alkyl and Ce-10 aryl are unsubstituted or optionally
independently substituted with 1 to 3 groups independently selected from halo, hydroxyl and
NH.; and R* is selected from O, S, NH, and CH.. In some embodiments, the spacer can be a
sugar, alkyl, cycloakyl, ribitol or other type of abasic nucleotide, 2’-deoxy-ribitol, diribitol, 2’-
methoxyethoxy-ribitol (ribitol with 2’-MOE), Cs¢ alkyl, or 4-methoxybutane-1,3-diol (5300). In
some embodiments, the 3’ end cap can be selected from any of various 3’ end caps described
herein or known in the art. In some embodiments, one or more phosphates can be replaced by

a modified internucleoside linker.

[00149] In one embodiment, the RNAi agent comprises at least one blunt end.
[00150] In one embodiment, the RNAi agent comprises an overhang having 1 nt to 4 nt.
[00151] In one embodiment, the RNAi agent comprises an overhang at the 3'-end of the

antisense strand of the RNAi agent.

[00152] In one embodiment, the RNAI agent is ligated to one or more diagnostic
compound, reporter group, cross-linking agent, nuclease-resistance conferring moiety, natural
or unusual nucleobase, lipophilic molecule, cholesterol, lipid, lectin, steroid, uvaol, hecigenin,
diosgenin, terpene, triterpene, sarsasapogenin, Friedelin, epifriedelanol-derivatized lithocholic
acid, vitamin, carbohydrate, dextran, pullulan, chitin, chitosan, synthetic carbohydrate, oligo
lactate 15-mer, natural polymer, low- or medium-molecular weight polymer, inulin, cyclodextrin,
hyaluronic acid, protein, protein-binding agent, integrin-targeting molecule, polycationic, peptide,
polyamine, peptide mimic, and/or transferrin.

[00153] In one embodiment, the composition further comprises a second RNAi agent to a
GPR68 gene product.

[00154] Specific RNAI agents include: the shRNAs to a GPR68 gene product disclosed
herein (particularly those having a target sequence of any of SEQ ID NOs: 5-15, and the
complementary sequence thereof, or a target sequence comprising 15 contiguous nt of a
GPRB68 target sequence thereof). Additional RNAi agents to GPR68 can be prepared, or are
known in the art. It is noted that in the present disclosure a RNAi agent to GPR68 may be
recited to target a particular GPR68 sequence, indicating that the recited sequence may be
comprised in the sequence of the sense or anti-sense strand of the RNAI agent; or, in some
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cases, a sequence of at least 15 contiguous nt of this sequence may be comprised in the
sequence of the sense or anti-sense strand. It is also understood that some of the target
sequences are presented as DNA, but the RNAI agents targeting these sequences can be RNA,
or any nucleotide, modified nucleotide or substitute disclosed herein.

[00155] In some embodiments, the RNAIi agent to GPR68 includes any shRNA used in the
experiments described herein, namely GPR68 sh1, sh2, and sh3 (shRNA1, shRNA2 and
shRNA3), whose GPRB68 target sequences are presented below:

GPR68 shi:

TGAAGCACGTACTGCAGCC [SEQ ID NO: 16]
GPR68 sh2:
TACACTCCCAGCTCATTCC [SEQ ID NO: 17]
GPR68 sha:
ACTCAAGCTAGGCCAACCC [SEQ ID NO: 18]

[00156] In some embodiments, the RNAI agent to GPR68 includes shRNAs that are
commercially available, e.g., SHCLNG-NM_003485, SHCLND-NM_003485, SHCLNV-
NM_003485, SHCLNG-NM_175493, SHCLND-NM_175493, SHCLNV-NM_175493 (Sigma-
Aldrich); sc-75186-SH, sc-75186-V (Santa Cruz); VGH5518-200225097, VGH5518-200225475,
VGH5518-200226483, VGH5518-200227207, VGH5518-200228644, VGH5518-200228799,
VGH5518-200229262, VGH5518-200230237, VGH5518-200260949 (Dharmacon). In some
embodiments, the RNAi agent to GPR68 includes siRNAs that are commercially available, e.g.,
NM_003485, NM_001108049, NM_175493 (Sigma-Aldrich); sc-75186 (Santa Cruz); E-005591-
00-0005, EQ-005591-00-0002, A-005591-15-0005, A-005591-16-0005, A-005591-17-0005, A-
005591-18-0005, EU-005591-00-0002, L-005591-00-0005, LQ-005591-00-0002, J-005591-07-
0002, J-005591-08-0002, J-005591-097-0002, J-005591-10-0002, LU-005591-00-0002, M-
005591-02-0005, MQ-005591-02-0002, D-005591-01-0002, D-005591-02-0002, D-005591-05-
0002, D-005591-06-0002, MU-005591-02-0002 (Dharmacon).

[00157] RNAi agents of the present invention can be delivered or introduced (e.g., to a cell
in vitro or to a subject) by any means known in the art.

[00158] "Introducing into a cell,” when referring to an iRNA, means facilitating or effecting
uptake or absorption into the cell, as is understood by those skilled in the art. Absorption or
uptake of an iRNA can occur through unaided diffusive or active cellular processes, or by
auxiliary agents or devices. The meaning of this term is not limited to cells in vitro; an iRNA may

also be "introduced into a cell,” wherein the cell is part of a living organism. In such an instance,
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introduction into the cell will include the delivery to the organism. For example, for in vivo
delivery, iRNA can be injected into a tissue site or administered systemically. In vivo delivery
can also be by a beta-glucan delivery system, such as those described in U.S. Patent Nos.
5,032,401 and 5,607,677, and U.S. Publication No. 2005/0281781 which are hereby
incorporated by reference in their entirety. In vitro introduction into a cell includes methods
known in the art including, but not limited to, electroporation and lipofection. Further approaches
are described below or known in the art.

[00159] Delivery of RNAi agent to tissue is a problem both because the material must
reach the target organ and must also enter the cytoplasm of target cells. RNA cannot penetrate
cellular membranes, so systemic delivery of naked RNAi agent is unlikely to be successful. RNA
is quickly degraded by RNAse activity in serum. For these reasons, other mechanisms to deliver
RNAI agent to target cells has been devised. Methods known in the art include but are not
limited to: viral delivery (retrovirus, adenovirus, lentivirus, baculovirus, AAV); liposomes
(Lipofectamine, cationic DOTAP, neutral DOPC) or nanoparticles (cationic polymer, PEI),
bacterial delivery (tkRNAi), and also chemical modification (LNA) of siRNA to improve stability.
Xia et al. 2002 Nat. Biotechnol. 20 and Devroe et al. 2002. BMC Biotechnol. 21: 15, disclose
incorporation of siRNA into a viral vector. Other systems for delivery of RNAI agents are
contemplated, and the RNAIi agents of the present invention can be delivered by various
methods yet to be found and/or approved by the FDA or other regulatory authorities.

[00160] Liposomes have been used previously for drug delivery (e.g., delivery of a
chemotherapeutic). Liposomes (e.g., cationic liposomes) are described in PCT publications
W002/100435A1, W003/015757A1, and W004029213A2; U.S. Pat. Nos. 5,962,016; 5,030,453;
and 6,680,068; and U.S. Patent Application 2004/0208921. A process of making liposomes is
also described in W004/002453Al. Furthermore, neutral lipids have been incorporated into
cationic liposomes (e.g., Farhood et al. 1995). Cationic liposomes have been used to deliver
RNAi agent to various cell types (Sioud and Sorensen 2003; U.S. Patent Application
2004/0204377; Duxbury et al., 2004; Donze and Picard, 2002). Use of neutral liposomes
disclosed in Miller et al. 1998, and U.S. Publ. 2003/0012812.

[00161] As used herein, the term "SNALP" refers to a stable nucleic acid-lipid particle. A
SNALP represents a vesicle of lipids coating a reduced aqueous interior comprising a nucleic
acid such as an iRNA or a plasmid from which an iRNA is transcribed. SNALPs are described,
e.g., in U.S. Patent Application Publication Nos. 20060240093, 20070135372, and in
International Application No. WO 2009082817. These applications are incorporated herein by

reference in their entirety.
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[00162] Chemical transfection using lipid-based, amine-based and polymer-based
techniques, is disclosed in products from Ambion Inc., Austin, Tex.; and Novagen, EMD
Biosciences, Inc, an Affiliate of Merck KGaA, Darmstadt, Germany); Ovcharenko D (2003)
"Efficient delivery of siRNAs to human primary cells." Ambion TechNotes 10 (5): 15-16).
Additionally, Song et al. (Nat Med. published online (Fete | 0, 2003) doi: 10.1038/nm828) and
others (Caplen et al. 2001 Proc. Natl. Acad. Sci. (USA), 98: 9742-9747; and McCaffrey et al.
Nature 414: 34-39) disclose that liver cells can be efficiently transfected by injection of the
siRNA into a mammal's circulatory system.

[00163] A variety of molecules have been used for cell-specific RNAi agent delivery. For
example, the nucleic acid-condensing property of protamine has been combined with specific
antibodies to deliver siRNAs (Song et al. 2005 Nat Biotch. 23: 709-717). The self-assembly
PEGylated polycation polyethylenimine has also been used to condense and protect siRNAs
(Schiffelers et al. 2004 Nucl. Acids Res. 32: 49, 141-110).

[00164] The siRNA-containing nanoparticles were then successfully delivered to integrin
overexpressing tumor neovasculature (Hu-Lieskovan et al. 2005 Cancer Res. 65: 8984-8992).
[00165] The RNAI agents of the present invention can be delivered via, for example, Lipid
nanoparticles (LNP); neutral liposomes (NL); polymer nanoparticles; double-stranded RNA
binding motifs (dsRBMs); or via modification of the RNAi agent (e.g., covalent attachment to the
dsRNA).

[00166] Lipid nanoparticles (LNP) are self-assembling cationic lipid based systems. These
can comprise, for example, a neutral lipid (the liposome base); a cationic lipid (for siRNA
loading); cholesterol (for stabilizing the liposomes); and PEG-lipid (for stabilizing the formulation,
charge shielding and extended circulation in the bloodstream). The cationic lipid can comprise,
for example, a headgroup, a linker, a tail and a cholesterol tail. The LNP can have, for example,
good tumor delivery, extended circulation in the blood, small particles (e.g., less than 100 nm),
and stability in the tumor microenvironment (which has low pH and is hypoxic).

[00167] Neutral liposomes (NL) are non-cationic lipid based particles.

[00168] Polymer nanoparticles are self-assembling polymer-based particles.

[00169] Double-stranded RNA binding motifs (dsRBMs) are self-assembling RNA binding
proteins, which will need modifications.
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GPR68 Aptamers
[00170] In one embodiment, the modulator of a GPR68 gene product may be an aptamer,

including for example a protein aptamer or a polynucleotidal aptamer. In one embodiment, the
aptamer inhibits or enhances the expression, activity, or both of a GPR68 gene product.
[00171] In one embodiment, an apatmer is a nucleic acid or oligonucleotide molecule that
binds to a specific molecular target, such as a GPR68 gene product comprising a sequence set
forth in SEQ ID NOs: 1-15. In one embodiment, aptamers are obtained from an in vitro
evolutionary process known as SELEX (Systematic Evolution of Ligands by EXponential
Enrichment), which selects target-specific aptamer sequences from combinatorial libraries of
single stranded oligonucleotide templates comprising randomized sequences. In some
embodiments, aptamer compositions are double-stranded or single-stranded, and in various
embodiments include deoxyribonucleotides, ribonucleotides, nucleotide derivatives, or other
nucleotide-like molecules. In some embodiments, the nucleotide components of an aptamer
include modified or non-natural nucleotides, for example nucleotides that have modified sugar
groups (e.g., the 2'-OH group of a ribonucleotide is replaced by 2'-F or 2'-NH2), which in some
instances, improves a desired property, e.g., resistance to nucleases or longer lifetime in blood.
[00172] In some instances, individual aptamers having the same nucleotide sequence differ
in their secondary structure. In some embodiments, the aptamers of the invention are
conjugated to other molecules, e.g., a high molecular weight carrier to slow clearance of the
aptamer from the circulatory system. In some instances, aptamers are specifically cross-linked
to their cognate ligands, e.g., by photo-activation of a cross-linker. (Brody, E. N. and L. Gold
(2000) J. Biotechnol. 74:5-13).

[00173] A method for the in vitro evolution of nucleic acid molecules with high affinity
binding to target molecules is known to those of skill in the art and is described in U.S. Pat. No.
5,270,163. The method, known as SELEX (Selective Evolution of Ligands by EXponential
Enrichment) involves selection from a mixture of candidate oligonucleotides from a library
comprising a large sequence variations (e.g. about 1015) and step-wise iterations of binding,
partitioning and amplification, using the same general selection theme, to achieve virtually any
desired criterion of binding affinity and selectivity.

[00174] Starting from a mixture of nucleic acids, preferably comprising a segment of
randomized sequence, the SELEX method includes the steps of contacting the mixture with the
desired target, partitioning unbound nucleic acids from those nucleic acids which have bound to
the target molecule, dissociating the nucleic acid-target complexes, amplifying the nucleic acids
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dissociated from the nucleic acid-target complexes to yield a ligand-enriched mixture of nucleic
acids, then reiterating the steps of binding, partitioning, dissociating and amplifying through as
many cycles as desired to yield high affinity nucleic acid ligands to the target molecule.

CRISPR to Modulate GPR68
[00175] By “CRISPR” or “CRISPR to GPR68” or “CRISPR to modulate GPR68” and the like
is meant a set of clustered regularly interspaced short palindromic repeats, or a system

comprising such a set of repeats. By “Cas”, as used herein, is meant a CRISPR-associated
protein. By “CRISPR/Cas” system is meant a system derived from CRISPR and Cas which can
be used to silence, enhance or mutate the GPR68 gene.

[00176] Naturally-occurring CRISPR/Cas systems are found in approximately 40% of
sequenced eubacteria genomes and 90% of sequenced archaea (Grissa et al. 2007. BMC
Bioinformatics 8: 172). This system is a type of prokaryotic immune system that confers
resistance to foreign genetic elements such as plasmids and phages and provides a form of
acquired immunity (Barrangou et al. 2007. Science 315: 1709-1712; Marragini et al. 2008
Science 322: 1843-1845).

[00177] The CRISPR/Cas system has been modified for use in gene editing (silencing,
enhancing or changing specific genes) in eukaryotes such as mice or primates (Wiedenheft et
al. 2012. Nature 482: 331-8). This is accomplished by introducing into the eukaryotic cell a
plasmid containing a specifically designed CRISPR and one or more appropriate Cas.

[00178] The CRISPR sequence, sometimes called a CRISPR locus, comprises alternating
repeats and spacers. In a naturally-occurring CRISPR, the spacers usually comprise
sequences foreign to the bacterium such as a plasmid or phage sequence; in the GPR68
CRISPR/Cas system, the spacers are derived from the GPR68 gene sequence. The repeats
generally show some dyad symmetry, and may form a secondary structure such as a hairpin,
and may or may not be palindromic.

[00179] RNA from the CRISPR locus is constitutively expressed and processed by Cas
proteins into small RNAs. These processed RNAs comprise a spacer flanked by a repeat
sequence. The RNAs guide other Cas proteins to silence exogenous genetic elements at the
RNA or DNA level (Horvath et al. 2010. Science 327: 167-170; Makarova et al. 2006 Biology
Direct 1: 7). The spacers thus serve as templates for RNA molecules, analogously to siRNAs
(Pennisi 2013. Science 341: 833-836).

[00180] As these naturally occur in many different types of bacteria, the exact
arrangements of the CRISPR and structure, function and number of Cas genes and their
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product differ somewhat from species to species (Haft et al. 2005 PLoS Comput. Biol. 1: e60;
Kunin et al. 2007. Genome Biol. 8: R61; Mojica et al. 2005. J. Mol. Evol. 60: 174-182; Bolotin et
al. 2005. Microbiol. 151: 2551-2561; Pourcel et al. 2005. Microbiol. 151: 653-663; and Stern et
al. 2010. Trends. Genet. 28: 335-340). For example, the Cse (Cas subtype, E. coli) proteins
(e.g., CasA) form a functional complex, Cascade, that processes CRISPR RNA transcripts into
spacer-repeat units that Cascade retains (Brouns et al. 2008. Science 321: 960-964). In other
prokaryotes, Cas6 processes the CRISPR transcript. The CRISPR-based phage inactivation in
E. coli requires Cascade and Cas3, but not Cas1 or Cas2. The Cmr (Cas RAMP module)
proteins in Pyrococcus furiosus and other prokaryotes form a functional complex with small
CRISPR RNAs that recognizes and cleaves complementary target RNAs. A simpler CRISPR
system relies on the protein Cas9, which is a nuclease with two active cutting sites, one for each
strand of the double helix. Combining Cas9 and modified CRISPR locus RNA can be used in a
system for gene editing (Pennisi 2013. Science 341: 833-836).

[00181] The CRISPR/Cas system can thus be used to edit the GPR68 gene (adding or
deleting a basepair), e.g., repairing a damaged GPR68 gene (e.g., if the damage to GPR68
results in high or low post-translational modification, production, expression, level, stability or
activity of GPR68), or introducing a premature stop which thus decreases expression of an
over-expressed GPR68. The CRISPR/Cas system can alternatively be used like RNA
interference, turning off the GPR68 gene in a reversible fashion. In a mammalian cell, for
example, the RNA can guide the Cas protein to the GPR68 promoter, sterically blocking RNA
polymerases.

[00182] Artificial CRISPR systems can be generated which inhibit GPR68, using
technology known in the art, e.g., that described in U.S. Patent App. No. 13/842859 (published
as US 20140068797). Such GPR68-inhibitory CRISPR system can include a guide RNA
(gRNA) comprising a GPR68-targeting domain, i.e., a nucleotide sequence that is
complementary to a GPR68 DNA strand, and a second domain that interacts with an RNA-
directed nuclease, e.g., cpf1 or Cas molecule, e.g., Cas9 molecule.

[00183] In some embodiments, the ability of an RNA-directed nuclease, e.g., cpf1 or Cas
molecule, e.g., Cas9 molecule, to interact with and cleave a target nucleic acid is Protospacer
Adjacent Motif (PAM) sequence dependent. A PAM sequence is a sequence in the target
nucleic acid. In some embodiments, cleavage of the target nucleic acid occurs upstream from
the PAM sequence. RNA-directed nuclease molecules, e.g., cpf1 or Cas molecules, e.g., Cas9
molecules, from different bacterial species can recognize different sequence motifs (e.g., PAM
sequences). In addition to recognizing different PAM sequences, RNA-directed nucleases, e.g.,
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cpf1 or Cas molecules, e.g., Cas9 molecules, from different species may be directed to different
target sequences (e.g., target sequences adjacent, e.g., immediately upstream, to the PAM
sequence) by gRNA molecules comprising targeting domains capable of hybridizing to said
target sequences and a tracr sequence that binds to said RNA-directed nuclease, e.g., cpf1 or
Cas molecule, e.g., Cas9 molecule.

[00184] In some embodiments, the CRISPR system comprises a gRNA molecule and a
Cas9 molecule from S. pyogenes. A Cas9 molecule of S. pyogenes recognizes the sequence
motif NGG and directs cleavage of a target nucleic acid sequence 1 to 10, e.g., 3t0 5, base
pairs upstream from that sequence. A gRNA molecule useful with S. pyogenes-based CRISPR
systems may include a GPR68-targeting sequence described in Table 1, e.g., any of SEQ ID
NOs: 21-678, and a tracr sequence known to interact with S. Pyogenes (see, e.g., Mali el ai,
SCIENCE 2013; 339(6121): 823- 826).

[00185] In some embodiments, the CRISPR system comprises a gRNA molecule and a
Cas9 molecule from S. thermophilus. A Cas9 molecule of S. thermophilus recognizes the
sequence motif NGGNG and NNAGAAW (W = A or T) and directs cleavage of a core target
nucleic acid sequence 1 to 10, e.g., 3 to 5, base pairs upstream from these sequences. A
gRNA molecule useful with S. thermophilus-based CRISPR systems may include a GPR68-
targeting sequence, and a tracr sequence known to interact with S. thermophilus (see, e.g.,
Horvath et al., SCIENCE 2010; 327(5962): 167- 170, and Deveau et al., J BACTERIOL 2008;
190(4): 1390- 1400).

[00186] In some embodiments, the CRISPR system comprises a gRNA molecule and a
Cas9 molecule from S. aureus. A Cas9 molecule of S. aureus recognizes the sequence motif
NNGRR (R = A or G) and directs cleavage of a target nucleic acid sequence 110 10, e.g., 310
5, base pairs upstream from that sequence. A gRNA molecule useful with S. aureus-based
CRISPR systems may include a GPR68-targeting sequence, and a tracr sequence known to
interact with S. aureus (see, e.g., Ran F. et al., NATURE, vol. 520, 2015, pp. 186-191).

[00187] In some embodiments, the CRISPR system comprises a gRNA molecule and a
RNA-directed nuclease, e.g., cpf1 molecule, e.g., a ¢pf1 molecule from Lachnospiraceae
bacterium or a cpf1 molecule from Acidaminococcus sp. A cpfi molecule, e.g., a cpf1 molecule
from Lachnospiraceae bacterium or a cpf1 molecule from Acidaminococcus sp., recognizes the
sequence motive of TTN (where N=A, T, G or C) or preferably TTTN (where N=A, T, G or C),
and directs cleavage of a target nucleic acid sequence 1-25 base pairs upstream of the PAM
sequence, e.g., 18-19 base pairs upstream from the PAM sequence on the same strand as the
PAM and 23 base pairs upstream of the PAM sequence on the opposite strand as the PAM,
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include a GPR68-targeting sequence, and a tracr sequence which interacts with cpf1 (see, e.g.,
Zetsche B. et al., CELL, vol. 163:3, Oct. 2015, 759-771).
Table 1. GPR68-targeting sequences

ID
8111_3::chr14:91232511-
91235199_3
8111_3::chr14:91232511-
91235199_4
8111_3::chr14:91232511-
91235199_13
8111_3::chr14:91232511-
91235199_16
8111_3::chr14:91232511-
91235199_21
8111_3::chr14:91232511-
91235199_23
8111_3::chr14:91232511-
91235199_25
8111_3::chr14:91232511-
91235199_27
8111_3::chr14:91232511-
91235199_30
8111_3::chr14:91232511-
91235199_35
8111_3::chr14:91232511-
91235199_39
8111_3::chr14:91232511-
91235199_41
8111_3::chr14:91232511-
91235199_43
8111_3::chr14:91232511-
91235199_46
8111_3::chr14:91232511-
91235199_49
8111_3::chr14:91232511-
91235199_50
8111_3::chr14:91232511-
91235199_51
8111_3::chr14:91232511-
91235199_562
8111_3::chr14:91232511-
91235199_56
8111_3::chr14:91232511-
91235199_61
8111_3::chr14:91232511-
91235199_64
8111_3::chr14:91232511-
91235199_66

STRAND
+

+

GENOMIC
LOCATION
(hg38)
chr14:91232538-
91232563
chr14:91232539-
91232564
chr14:91232579-
91232604
chr14:91232587-
91232612
chr14:91232656-
91232681
chr14:91232657-
91232682
chr14:91232673-
91232698
chr14:91232683-
91232708
chr14:91232686-
91232711
chr14:91232697-
91232722
chr14:91232704-
91232729
chr14:91232707-
91232732
chr14:91232715-
91232740
chr14:91232750-
91232775
chr14:91232764-
91232789
chr14:91232765-
91232790
chr14:91232775-
91232800
chr14:91232783-
91232808
chr14:91232808-
91232833
chr14:91232825-
91232850
chr14:91232829-
91232854
chr14:91232830-
91232855

56

gRNA SEQUENCE
ACUUUGCUUUAUUUGCAGACUGAAG
CUUUGCUUUAUUUGCAGACUGAAGU
AUUACAGAGUCAACACAUGUAGACU

GUCAACACAUGUAGACUUGGCAAAA

CUCAGCUCAUCCCAGUCUGUAUCAG
UCAGCUCAUCCCAGUCUGUAUCAGU
UGUAUCAGUGGGAAGCCAGUGUUUA
GGAAGCCAGUGUUUAAGGUCAACAU
AGCCAGUGUUUAAGGUCAACAUAGG
AAGGUCAACAUAGGAGGAAGUGCUG
ACAUAGGAGGAAGUGCUGUGGAAUG
UAGGAGGAAGUGCUGUGGAAUGAGG
AGUGCUGUGGAAUGAGGAGGCAUGA
CAAUGUCACUGACCCAGUAAAAUCC

CAGUAAAAUCCUGGACUGAGUUGCA
AGUAAAAUCCUGGACUGAGUUGCAU
UGGACUGAGUUGCAUGGGCUCUUCU
GUUGCAUGGGCUCUUCUUGGCUGUG
UGGCCAUUUCUGCCGCCUUCAAACU
UUCAAACUUGGUCACUUCCUCCUCU
AACUUGGUCACUUCCUCCUCUAGGA

ACUUGGUCACUUCCUCCUCUAGGAA

SEQ

ID

NO
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
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8111_3::chr14:91232511- chr14:91232831-

91235199_68 + 91232856 CUUGGUCACUUCCUCCUCUAGGAAG
8111_3::chr14:91232511- chr14:91232855-

91235199_75 + 91232880 GGGGAAGAGAACCUCCCCAAGUCAU
8111_3::chr14:91232511- chr14:91232870-

91235199_77 + 91232895 CCCAAGUCAUCGGACACCCUCCACA
8111_3::chr14:91232511- chr14:91232881-

91235199_81 + 91232906 GGACACCCUCCACAAGGAUCUGAGC
8111_3::chr14:91232511- chr14:91232882-

91235199_82 + 91232907 GACACCCUCCACAAGGAUCUGAGCA
8111_3::chr14:91232511- chr14:91232883-

91235199_83 + 91232908 ACACCCUCCACAAGGAUCUGAGCAG
8111_3::chr14:91232511- chr14:91232913-

91235199_85 + 91232938 GUGCAGUCAAAGCCAAGUGUAGCCC
8111_3::chr14:91232511- chr14:91232914-

91235199_87 + 91232939 UGCAGUCAAAGCCAAGUGUAGCCCU
8111_3::chr14:91232511- chr14:91232938-

91235199_91 + 91232963 UGGGACCACUGUGAGCACCCUUCCC
8111_3::chr14:91232511- chr14:91232939-

91235199_92 + 91232964 GGGACCACUGUGAGCACCCUUCCccU
8111_3::chr14:91232511- chr14:91232940-

91235199_93 + 91232965 GGACCACUGUGAGCACCCUUCCCUG
8111_3::chr14:91232511- chr14:91232954-

91235199_95 + 91232979 ACCCUUCCCUGGGGCACCUCCAGCC
8111_3::chr14:91232511- chr14:91232955-

91235199_96 + 91232980 CCCUUCCCUGGGGCACCUCCAGCCU
8111_3::chr14:91232511- chr14:91232968-

91235199_99 + 91232993 CACCUCCAGCCUGGGCUGUUGCCUC
8111_3::chr14:91232511- chr14:91232969-

91235199_100 + 91232994 ACCUCCAGCCUGGGCUGUUGCCUCU
8111_3::chr14:91232511- chr14:91232985-

91235199_103 + 91233010 GUUGCCUCUGGGCAUCCCCGAUGAA
8111_3::chr14:91232511- chr14:91232986-

91235199_104 + 91233011 UUGCCUCUGGGCAUCCCCGAUGAAA
8111_3::chr14:91232511- chr14:91233007-

91235199_108 + 91233032 GAAAGGGCUAAGAGACACAGCACAA
8111_3::chr14:91232511- chr14:91233023-

91235199_109 + 91233048 ACAGCACAAAGGAUCAACCUCUUCA
8111_3::chr14:91232511- chr14:91233027-

91235199_112 + 91233052 CACAAAGGAUCAACCUCUUCAAGGC
8111_3::chr14:91232511- chr14:91233028-

91235199_113 + 91233053 ACAAAGGAUCAACCUCUUCAAGGCU
8111_3::chr14:91232511- chr14:91233029-

91235199_116 + 91233054 CAAAGGAUCAACCUCUUCAAGGCUG
8111_3::chr14:91232511- chr14:91233030-

91235199_117 + 91233055 AAAGGAUCAACCUCUUCAAGGCUGG
8111_3::chr14:91232511- chr14:91233031-

91235199_120 + 91233056 AAGGAUCAACCUCUUCAAGGCUGGG
8111_3::chr14:91232511- chr14:91233037-

91235199_124 + 91233062 CAACCUCUUCAAGGCUGGGGGGAAG
8111_3::chr14:91232511- chr14:91233038-

91235199_125 + 91233063 AACCUCUUCAAGGCUGGGGGGAAGA
8111_3::chr14:91232511- chr14:91233039-

91235199_127 + 91233064 ACCUCUUCAAGGCUGGGGGGAAGAG
8111_3::chr14:91232511- chr14:91233043-

91235199_130 + 91233068 CUUCAAGGCUGGGGGGAAGAGGGGA
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8111_3::chr14:91232511- chr14:91233044-

91235199_133 + 91233069 UUCAAGGCUGGGGGGAAGAGGGGAA
8111_3::chr14:91232511- chr14:91233053-

91235199_137 + 91233078 GGGGGGAAGAGGGGAAGGGAGACUG
8111_3::chr14:91232511- chr14:91233057-

91235199_141 + 91233082 GGAAGAGGGGAAGGGAGACUGAGGA
8111_3::chr14:91232511- chr14:91233058-

91235199_142 + 91233083 GAAGAGGGGAAGGGAGACUGAGGAA
8111_3::chr14:91232511- chr14:91233059-

91235199_143 + 91233084 AAGAGGGGAAGGGAGACUGAGGAAG
8111_3::chr14:91232511- chr14:91233069-

91235199_145 + 91233094 GGGAGACUGAGGAAGGGGUUCUGCC
8111_3::chr14:91232511- chr14:91233070-

91235199_146 + 91233095 GGAGACUGAGGAAGGGGUUCUGCCU
8111_3::chr14:91232511- chr14:91233081-

91235199_147 + 91233106 AAGGGGUUCUGCCUGGGCCUCCCUU
8111_3::chr14:91232511- chr14:91233130-

91235199_156 + 91233155 GAUGCCAACUUCUGCUUCUAGCCCC

8111_3::chr14:91232511- chr14:91233141-

91235199_158 + 91233166 CUGCUUCUAGCCCCUGGUCCCUUCU
8111_3::chr14:91232511- chr14:91233144-

91235199_162 + 91233169 CUUCUAGCCCCUGGUCCCUUCUUGG
8111_3::chr14:91232511- chr14:91233164-

91235199_165 + 91233189 CUUGGAGGAAGCCCAGUUAGCCUCU

8111_3::chr14:91232511- chr14:91233187-

91235199_172 + 91233212 CUUGGUUCUGAAGAACUCGAGUGCCC

8111_3::chr14:91232511- chr14:91233193-

91235199_176 + 91233218 UCUGAAGAACUCGAGUCCCAGGCCA

8111_3::chr14:91232511- chr14:91233197-

91235199_178 + 91233222 AAGAACUCGAGUCCCAGGCCAUGGA

8111_3::chr14:91232511- chr14:91233216-

91235199_180 + 91233241 CAUGGAAGGCAUCCUUAGUCAGAGC

8111_3::chr14:91232511- chr14:91233238-

91235199_183 + 91233263 AGCUGGUCCCAGUUCACUGACCAGA

8111_3::chr14:91232511- chr14:91233246-

91235199_186 + 91233271 CCAGUUCACUGACCAGAAGGUCUGA

8111_3::chr14:91232511- chr14:91233247-

91235199_187 + 91233272 CAGUUCACUGACCAGAAGGUCUGAA

8111_3::chr14:91232511- chr14:91233262-

91235199_190 + 91233287 AAGGUCUGAAGGGCUAGCAUUUCUG

8111_3::chr14:91232511- chr14:91233265-

91235199_192 + 91233290 GUCUGAAGGGCUAGCAUUUCUGUGG
8111_3::chr14:91232511- chr14:91233268-

91235199_194 + 91233293 UGAAGGGCUAGCAUUUCUGUGGAGG
8111_3::chr14:91232511- chr14:91233269-

91235199_195 + 91233294 GAAGGGCUAGCAUUUCUGUGGAGGU
8111_3::chr14:91232511- chr14:91233273-

91235199_196 + 91233298 GGCUAGCAUUUCUGUGGAGGUGGGC
8111_3::chr14:91232511- chr14:91233281-

91235199_198 + 91233306 UUUCUGUGGAGGUGGGCAGGUCUUC
8111_3::chr14:91232511- chr14:91233290-

91235199_202 + 91233315 AGGUGGGCAGGUCUUCUGGAGCAGC
8111_3::chr14:91232511- chr14:91233293-

91235199_203 + 91233318 UGGGCAGGUCUUCUGGAGCAGCAGG
8111_3::chr14:91232511- chr14:91233311-

91235199_205 + 91233336 CAGCAGGCGGCUCUCCCAGUUCUUA

58



WO 2019/150309 PCT/IB2019/050799

8111_3::chr14:91232511- chr14:91233315-
91235199_207 + 91233340 AGGCGGCUCUCCCAGUUCUUAUGGC 99
8111_3::chr14:91232511- chr14:91233322-
91235199_210 + 91233347 UCUCCCAGUUCUUAUGGCUGGAGCU 100
8111_3::chr14:91232511- chr14:91233507-
91235199_236 + 91233532 CCAGUCUUCCCUUCCCACCCUGUUG 101
8111_3::chr14:91232511- chr14:91233508-
91235199_237 + 91233533 CAGUCUUCCCUUCCCACCCUGUUGU 102
8111_3::chr14:91232511- chr14:91233511-
91235199_239 + 91233536 UCUUCCCUUCCCACCCUGUUGUGGG 103
8111_3::chr14:91232511- chr14:91233512-
91235199_240 + 91233537 CUUCCCUUCCCACCCUGUUGUGGGC 104
8111_3::chr14:91232511- chr14:91233533-
91235199_245 + 91233558 GGGCGGGCUGCAGUGCUGAUCCCAC 105
8111_3::chr14:91232511- chr14:91233534-
91235199_247 + 91233559 GGCGGGCUGCAGUGCUGAUCCCACC 106
8111_3::chr14:91232511- chr14:91233542-
91235199_249 + 91233567 GCAGUGCUGAUCCCACCGGGACGUU 107
8111_3::chr14:91232511- chr14:91233547-
91235199_250 + 91233572 GCUGAUCCCACCGGGACGUUUGGAC 108
8111_3::chr14:91232511- chr14:91233565-
91235199_251 + 91233590 UUUGGACAGGCAUUGUCUGUGACAA 109
8111_3::chr14:91232511- chr14:91233568-
91235199_252 + 91233593 GGACAGGCAUUGUCUGUGACAACGG 110
8111_3::chr14:91232511- chr14:91233574-
91235199_256 + 91233599 GCAUUGUCUGUGACAACGGUGGCAU 111
8111_3::chr14:91232511- chr14:91233578-
91235199_258 + 91233603 UGUCUGUGACAACGGUGGCAUUGGA 112
8111_3::chr14:91232511- chr14:91233584-
91235199_260 + 91233609 UGACAACGGUGGCAUUGGAAGGCCC 113
8111_3::chr14:91232511- chr14:91233647-
91235199_265 + 91233672 CACACUCCCCAUGCACAAACUCUGC 114
8111_3::chr14:91232511- chr14:91233654-
91235199_266 + 91233679 CCCAUGCACAAACUCUGCAGGAAGC 115
8111_3::chr14:91232511- chr14:91233659-
91235199_268 + 91233684 GCACAAACUCUGCAGGAAGCAGGCC 116
8111_3::chr14:91232511- chr14:91233660-
91235199_271 + 91233685 CACAAACUCUGCAGGAAGCAGGCCA 117
8111_3::chr14:91232511- chr14:91233703-
91235199_273 + 91233728 CUUCCCCCGACCAGCAGCCCCAGCC 118
8111_3::chr14:91232511- chr14:91233720-
91235199_275 + 91233745 CCCCAGCCUGGCCACAUCGCAGCCG 119
8111_3::chr14:91232511- chr14:91233726-
91235199_278 + 91233751 CCUGGCCACAUCGCAGCCGCGGCAG 120
8111_3::chr14:91232511- chr14:91233732-
91235199_279 + 91233757 CACAUCGCAGCCGCGGCAGAGGACA 121
8111_3::chr14:91232511- chr14:91233754-
91235199_283 + 91233779 ACACGGCUUAUUCCCACGAGCCAAC 122
8111_3::chr14:91232511- chr14:91233755-
91235199_284 + 91233780 CACGGCUUAUUCCCACGAGGCCAACC 123
8111_3::chr14:91232511- chr14:91233756-
91235199_285 + 91233781 ACGGCUUAUUCCCACGAGCCAACCG 124
8111_3::chr14:91232511- chr14:91233773-
91235199_288 + 91233798 GCCAACCGGGGCUUAUUCCCACCCU 125
8111_3::chr14:91232511- chr14:91233776-
91235199_289 + 91233801 AACCGGGGCUUAUUCCCACCCUCGG 126
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8111_3::chr14:91232511- chr14:91233785-
91235199_291 + 91233810 UUAUUCCCACCCUCGGCGGUCCCAG 127
8111_3::chr14:91232511- chr14:91233786-
91235199_292 + 91233811 UAUUCCCACCCUCGGCGGUCCCAGC 128
8111_3::chr14:91232511- chr14:91233805-
91235199_297 + 91233830 CCCAGCGGGCUCAGCAAGCGAGAGC 129
8111_3::chr14:91232511- chr14:91233812-
91235199_299 + 91233837 GGCUCAGCAAGCGAGAGCAGGCUUC 130
8111_3::chr14:91232511- chr14:91233821-
91235199_303 + 91233846 AGCGAGAGCAGGCUUCCGGAGUUAC 131
8111_3::chr14:91232511- chr14:91233822-
91235199_304 + 91233847 GCGAGAGCAGGCUUCCGGAGUUACA 132
8111_3::chr14:91232511- chr14:91233823-
91235199_305 + 91233848 CGAGAGCAGGCUUCCGGAGUUACAG 133
8111_3::chr14:91232511- chr14:91233845-
91235199_309 + 91233870 CAGGGGCUUCCCUGCCUCCGCAGCG 134
8111_3::chr14:91232511- chr14:91233846-
91235199_312 + 91233871 AGGGGCUUCCCUGCCUCCGCAGCGA 135
8111_3::chr14:91232511- chr14:91233853-
91235199_315 + 91233878 UCCCUGCCUCCGCAGCGAGGGAAGC 136
8111_3::chr14:91232511- chr14:91233856-
91235199_318 + 91233881 CUGCCUCCGCAGCGAGGGAAGCAGG 137
8111_3::chr14:91232511- chr14:91233859-
91235199_319 + 91233884 CCUCCGCAGCGAGGGAAGCAGGAGG 138
8111_3::chr14:91232511- chr14:91233863-
91235199_320 + 91233888 CGCAGCGAGGGAAGCAGGAGGCGGC 139
8111_3::chr14:91232511- chr14:91233871-
91235199_322 + 91233896 GGGAAGCAGGAGGCGGCAGGCCCUG 140
8111_3::chr14:91232511- chr14:91233878-
91235199_324 + 91233903 AGGAGGCGGCAGGCCCUGAGGCCCG 141
8111_3::chr14:91232511- chr14:91233879-
91235199_325 + 91233904 GGAGGCGGCAGGCCCUGAGGCCCGU 142
8111_3::chr14:91232511- chr14:91233886-
91235199_327 + 91233911 GCAGGCCCUGAGGCCCGUGGGCUGA 143
8111_3::chr14:91232511- chr14:91233892-
91235199_328 + 91233917 CCUGAGGCCCGUGGGCUGAAGGCUC 144
8111_3::chr14:91232511- chr14:91233902-
91235199_330 + 91233927 GUGGGCUGAAGGCUCAGGCCUCACG 145
8111_3::chr14:91232511- chr14:91233914-
91235199_334 + 91233939 CUCAGGCCUCACGUGGAGCCACCCG 146
8111_3::chr14:91232511- chr14:91233917-
91235199_336 + 91233942 AGGCCUCACGUGGAGCCACCCGCGG 147
8111_3::chr14:91232511- chr14:91233924-
91235199_337 + 91233949 ACGUGGAGCCACCCGCGGAGGACCC 148
8111_3::chr14:91232511- chr14:91233929-
91235199_338 + 91233954 GAGCCACCCGCGGAGGACCCAGGCU 149
8111_3::chr14:91232511- chr14:91233944-
91235199_340 + 91233969 GACCCAGGCUAGGCCAACCUGCCCG 150
8111_3::chr14:91232511- chr14:91233945-
91235199_343 + 91233970 ACCCAGGCUAGGCCAACCUGCCCGU 151
8111_3::chr14:91232511- chr14:91233946-
91235199_344 + 91233971 CCCAGGCUAGGCCAACCUGCCCGUG 152
8111_3::chr14:91232511- chr14:91233963-
91235199_346 + 91233988 UGCCCGUGGGGAACCCGCCCGACCC 153
8111_3::chr14:91232511- chr14:91233972-
91235199_349 + 91233997 GGAACCCGCCCGACCCUGGCGAGUU 154
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8111_3::chr14:91232511- chr14:91234111-
91235199_402 + 91234136 GGUCCUGGAGCAGGUGAGGAAGGCC 183
8111_3::chr14:91232511- chr14:91234115-
91235199_403 + 91234140 CUGGAGCAGGUGAGGAAGGCCAGGC 184
8111_3::chr14:91232511- chr14:91234123-
91235199_405 + 91234148 GGUGAGGAAGGCCAGGCAGGCCCCG 185
8111_3::chr14:91232511- chr14:91234126-
91235199_407 + 91234151 GAGGAAGGCCAGGCAGGCCCCGCGG 186
8111_3::chr14:91232511- chr14:91234129-
91235199_409 + 91234154 GAAGGCCAGGCAGGCCCCGCGGAGG 187
8111_3::chr14:91232511- chr14:91234130-
91235199_410 + 91234155 AAGGCCAGGCAGGCCCCGCGGAGGC 188
8111_3::chr14:91232511- chr14:91234135-
91235199_411 + 91234160 CAGGCAGGCCCCGCGGAGGCGGGCC 189
8111_3::chr14:91232511- chr14:91234141-
91235199_412 + 91234166 GGCCCCGCGGAGGCGGGCCAGGUCC 190
8111_3::chr14:91232511- chr14:91234144-
91235199_414 + 91234169 CCCGCGGAGGCGGGCCAGGUCCCGG 191
8111_3::chr14:91232511- chr14:91234145-
91235199_415 + 91234170 CCGCGGAGGCGGGCCAGGUCCCGGU 192
8111_3::chr14:91232511- chr14:91234148-
91235199_416 + 91234173 CGGAGGCGGGCCAGGUCCCGGUGGG 193
8111_3::chr14:91232511- chr14:91234175-
91235199_421 + 91234200 GUCUCGCUGACGAAGCAGUAGAGCA 194
8111_3::chr14:91232511- chr14:91234176-
91235199_422 + 91234201 UCUCGCUGACGAAGCAGUAGAGCAC 195
8111_3::chr14:91232511- chr14:91234177-
91235199_423 + 91234202 CUCGCUGACGAAGCAGUAGAGCACG 196
8111_3::chr14:91232511- chr14:91234181-
91235199_424 + 91234206 CUGACGAAGCAGUAGAGCACGGGGU 197
8111_3::chr14:91232511- chr14:91234199-
91235199_426 + 91234224 ACGGGGUCGGCGACGCAGUUGAAGC 198
8111_3::chr14:91232511- chr14:91234207-
91235199_430 + 91234232 GGCGACGCAGUUGAAGCUGGUGAGC 199
8111_3::chr14:91232511- chr14:91234210-
91235199_433 + 91234235 GACGCAGUUGAAGCUGGUGAGCAGG 200
8111_3::chr14:91232511- chr14:91234211-
91235199_434 + 91234236 ACGCAGUUGAAGCUGGUGAGCAGGA 201
8111_3::chr14:91232511- chr14:91234219-
91235199_437 + 91234244 GAAGCUGGUGAGCAGGAGGGAGAAG 202
8111_3::chr14:91232511- chr14:91234223-
91235199_439 + 91234248 CUGGUGAGCAGGAGGGAGAAGUGGU 203
8111_3::chr14:91232511- chr14:91234241-
91235199_441 + 91234266 AAGUGGUAGGCGUUGAAAACGCCCU 204
8111_3::chr14:91232511- chr14:91234256-
91235199_443 + 91234281 AAAACGCCCUUGGCGAAGUCGCAGC 205
8111_3::chr14:91232511- chr14:91234291-
91235199_446 + 91234316 GACGCUGCGCACCAGCAGCAACACG 206
8111_3::chr14:91232511- chr14:91234295-
91235199_448 + 91234320 CUGCGCACCAGCAGCAACACGUGGU 207
8111_3::chr14:91232511- chr14:91234296-
91235199_449 + 91234321 UGCGCACCAGCAGCAACACGUGGUA 208
8111_3::chr14:91232511- chr14:91234300-
91235199_452 + 91234325 CACCAGCAGCAACACGUGGUAGGGC 209
8111_3::chr14:91232511- chr14:91234307-
91235199_453 + 91234332 AGCAACACGUGGUAGGGCAGGAAGC 210

62



WO 2019/150309 PCT/IB2019/050799

8111_3::chr14:91232511- chr14:91234312-
91235199_455 + 91234337 CACGUGGUAGGGCAGGAAGCAGGCC 211
8111_3::chr14:91232511- chr14:91234325-
91235199_457 + 91234350 AGGAAGCAGGCCAGGAAGAUGACCA 212
8111_3::chr14:91232511- chr14:91234345-
91235199_460 + 91234370 GACCACGGUGCUGAGCACCAGCCGC 213
8111_3::chr14:91232511- chr14:91234351-
91235199_461 + 91234376 GGUGCUGAGCACCAGCCGCUGGAUC 214
8111_3::chr14:91232511- chr14:91234360-
91235199_462 + 91234385 CACCAGCCGCUGGAUCUGGUCCUUG 215
8111_3::chr14:91232511- chr14:91234369-
91235199_464 + 91234394 CUGGAUCUGGUCCUUGCGGCUCUUC 216
8111_3::chr14:91232511- chr14:91234370-
91235199_465 + 91234395 UGGAUCUGGUCCUUGCGGCUCUUCU 217
8111_3::chr14:91232511- chr14:91234378-
91235199_466 + 91234403 GUCCUUGCGGCUCUUCUGGGUGCCG 218
8111_3::chr14:91232511- chr14:91234384-
91235199_467 + 91234409 GCGGCUCUUCUGGGUGCCGUGGCUC 219
8111_3::chr14:91232511- chr14:91234391-
91235199_469 + 91234416 UUCUGGGUGCCGUGGCUCCGGCGCA 220
8111_3::chr14:91232511- chr14:91234399-
91235199_472 + 91234424 GCCGUGGCUCCGGCGCACGGCGCGC 221
8111_3::chr14:91232511- chr14:91234408-
91235199_473 + 91234433 CCGGCGCACGGCGCGCAGGAUGCCC 222
8111_3::chr14:91232511- chr14:91234412-
91235199_475 + 91234437 CGCACGGCGCGCAGGAUGCCCUGGU 223
8111_3::chr14:91232511- chr14:91234426-
91235199_476 + 91234451 GAUGCCCUGGUAGGACGCCAGCAGC 224
8111_3::chr14:91232511- chr14:91234433-
91235199_478 + 91234458 UGGUAGGACGCCAGCAGCAGGCAGA 225
8111_3::chr14:91232511- chr14:91234434-
91235199_480 + 91234459 GGUAGGACGCCAGCAGCAGGCAGAU 226
8111_3::chr14:91232511- chr14:91234435-
91235199_482 + 91234460 GUAGGACGCCAGCAGCAGGCAGAUG 227
8111_3::chr14:91232511- chr14:91234441-
91235199_487 + 91234466 CGCCAGCAGCAGGCAGAUGGGGAAG 228
8111_3::chr14:91232511- chr14:91234453-
91235199_490 + 91234478 GCAGAUGGGGAAGAGGAAGCGCCACC 229
8111_3::chr14:91232511- chr14:91234459-
91235199_491 + 91234484 GGGGAAGAGGAAGCCCACCAGGAAG 230
8111_3::chr14:91232511- chr14:91234472-
91235199_492 + 91234497 CCCACCAGGAAGCGGUAGUAGUUGA 231
8111_3::chr14:91232511- chr14:91234489-
91235199_494 + 91234514 GUAGUUGAUGGCGCGCUGCCAUGCC 232
8111_3::chr14:91232511- chr14:91234493-
91235199_497 + 91234518 UUGAUGGCGCGCUGCCAUGCCUGGA 233
8111_3::chr14:91232511- chr14:91234494-
91235199_498 + 91234519 UGAUGGCGCGCUGCCAUGCCUGGAU 234
8111_3::chr14:91232511- chr14:91234495-
91235199_499 + 91234520 GAUGGCGCGCUGCCAUGCCUGGAUG 235
8111_3::chr14:91232511- chr14:91234516-
91235199_501 + 91234541 GAUGGGGUAGUGCUCAAAGCACACG 236
8111_3::chr14:91232511- chr14:91234522-
91235199_502 + 91234547 GUAGUGCUCAAAGCACACGCGGUGC 237
8111_3::chr14:91232511- chr14:91234555-
91235199_506 + 91234580 GUCCUCGAUGACCUCCUCGUGCAUC 238
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8111_3::chr14:91232511- chr14:91234568-
91235199_507 + 91234593 UCCUCGUGCAUCAGGAAGUAGAUGC 239
8111_3::chr14:91232511- chr14:91234583-
91235199_508 + 91234608 AAGUAGAUGCUGGUCAGCAGCUCCU 240
8111_3::chr14:91232511- chr14:91234610-
91235199_510 + 91234635 GCCCAGAUGACCACGCUGACGCCGA 241
8111_3::chr14:91232511- chr14:91234621-
91235199_5612 + 91234646 CACGCUGACGCCGACGGCCGCCUUC 242
8111_3::chr14:91232511- chr14:91234622-
91235199_5613 + 91234647 ACGCUGACGCCGACGGCCGCCUUCA 243
8111_3::chr14:91232511- chr14:91234627-
91235199_516 + 91234652 GACGCCGACGGCCGCCUUCAGGGUC 244
8111_3::chr14:91232511- chr14:91234633-
91235199_5617 + 91234658 GACGGCCGCCUUCAGGGUCCGGAAC 245
8111_3::chr14:91232511- chr14:91234636-
91235199_5619 + 91234661 GGCCGCCUUCAGGGUCCGGAACUGG 246
8111_3::chr14:91232511- chr14:91234642-
91235199_5623 + 91234667 CUUCAGGGUCCGGAACUGGUGGAAG 247
8111_3::chr14:91232511- chr14:91234646-
91235199_5625 + 91234671 AGGGUCCGGAACUGGUGGAAGCGGA 248
8111_3::chr14:91232511- chr14:91234647-
91235199_5628 + 91234672 GGGUCCGGAACUGGUGGAAGCGGAA 249
8111_3::chr14:91232511- chr14:91234651-
91235199_5630 + 91234676 CCGGAACUGGUGGAAGCGGAAGGGA 250
8111_3::chr14:91232511- chr14:91234652-
91235199_531 + 91234677 CGGAACUGGUGGAAGCGGAAGGGAU 251
8111_3::chr14:91232511- chr14:91234663-
91235199_5632 + 91234688 GAAGCGGAAGGGAUGGGCCACAGCC 252
8111_3::chr14:91232511- chr14:91234669-
91235199_5633 + 91234694 GAAGGGAUGGGCCACAGCCAGGUAG 253
8111_3::chr14:91232511- chr14:91234676-
91235199_536 + 91234701 UGGGCCACAGCCAGGUAGCGGUCCA 254
8111_3::chr14:91232511- chr14:91234690-
91235199_5639 + 91234715 GUAGCGGUCCACGGAGAUGCAGCAG 255
8111_3::chr14:91232511- chr14:91234723-
91235199_5643 + 91234748 CACGCUGAUGUAGAUGUUCUCGUAC 256
8111_3::chr14:91232511- chr14:91234726-
91235199_5645 + 91234751 GCUGAUGUAGAUGUUCUCGUACAGG 257
8111_3::chr14:91232511- chr14:91234741-
91235199_546 + 91234766 CUCGUACAGGAGGAUGCCGCACACC 258
8111_3::chr14:91232511- chr14:91234745-
91235199_5649 + 91234770 UACAGGAGGAUGCCGCACACCUGGC 259
8111_3::chr14:91232511- chr14:91234750-
91235199_5650 + 91234775 GAGGAUGCCGCACACCUGGCAGGAC 260
8111_3::chr14:91232511- chr14:91234799-
91235199_5655 + 91234824 UGCUGCAGCACGUACUGCAGCCAGA 261
8111_3::chr14:91232511- chr14:91234800-
91235199_556 + 91234825 GCUGCAGCACGUACUGCAGCCAGAA 262
8111_3::chr14:91232511- chr14:91234822-
91235199_5660 + 91234847 GAAGGGCAGCGAGCAGAUGUAGAAG 263
8111_3::chr14:91232511- chr14:91234826-
91235199_561 + 91234851 GGCAGCGAGCAGAUGUAGAAGAGGU 264
8111_3::chr14:91232511- chr14:91234837-
91235199_562 + 91234862 GAUGUAGAAGAGGUCGGCCACCGUC 265
8111_3::chr14:91232511- chr14:91234846-
91235199_5663 + 91234871 GAGGUCGGCCACCGUCAGGUUGCAC 266
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8111_3::chr14:91232511- chr14:91234867-
91235199_565 + 91234892 GCACAGGUACACGCCCAGCUCGUUC 267
8111_3::chr14:91232511- chr14:91234868-
91235199_567 + 91234893 CACAGGUACACGCCCAGCUCGUUCC 268
8111_3::chr14:91232511- chr14:91234882-
91235199_568 + 91234907 CAGCUCGUUCCGGGCCUUGAUCUGC 269
8111_3::chr14:91232511- chr14:91234897-
91235199_574 + 91234922 CUUGAUCUGCAGGUAGCCGAAGUAG 270
8111_3::chr14:91232511- chr14:91234898-
91235199_575 + 91234923 UUGAUCUGCAGGUAGCCGAAGUAGA 271
8111_3::chr14:91232511- chr14:91234903-
91235199_577 + 91234928 CUGCAGGUAGCCGAAGUAGAGGGAC 272
8111_3::chr14:91232511- chr14:91234910-
91235199_578 + 91234935 UAGCCGAAGUAGAGGGACAGGCAGU 273
8111_3::chr14:91232511- chr14:91234914-
91235199_581 + 91234939 CGAAGUAGAGGGACAGGCAGUUGGC 274
8111_3::chr14:91232511- chr14:91234915-
91235199_5683 + 91234940 GAAGUAGAGGGACAGGCAGUUGGCC 275
8111_3::chr14:91232511- chr14:91234934-
91235199_584 + 91234959 UUGGCCGGGAAGCCCACCACCAGCA 276
8111_3::chr14:91232511- chr14:91234950-
91235199_5687 + 91234975 CCACCAGCACGGUAACAUAGAGCCAC 277
8111_3::chr14:91232511- chr14:91234951-
91235199_5689 + 91234976 CACCAGCACGGUAACAUAGACCACC 278
8111_3::chr14:91232511- chr14:91234952-
91235199_590 + 91234977 ACCAGCACGGUAACAUAGACCACCG 279
8111_3::chr14:91232511- chr14:91234963-
91235199_591 + 91234988 AACAUAGACCACCGGGGCCAGCGUC 280
8111_3::chr14:91232511- chr14:91234966-
91235199_5693 + 91234991 AUAGACCACCGGGGCCAGCGUCUGG 281
8111_3::chr14:91232511- chr14:91234970-
91235199_594 + 91234995 ACCACCGGGGCCAGCGUCUGGUGGA 282
8111_3::chr14:91232511- chr14:91234975-
91235199_5695 + 91235000 CGGGGCCAGCGUCUGGUGGAUGGUA 283
8111_3::chr14:91232511- chr14:91234982-
91235199_596 + 91235007 AGCGUCUGGUGGAUGGUAUGGUCGA 284
8111_3::chr14:91232511- chr14:91234997-
91235199_600 + 91235022 GUAUGGUCGAUGGUACAGCUCAUCG 285
8111_3::chr14:91232511- chr14:91235028-
91235199_602 + 91235053 UGUCUGCAGUGAUGUUCCCCAUCUU 286
8111_3::chr14:91232511- chr14:91235029-
91235199_603 + 91235054 GUCUGCAGUGAUGUUCCCCAUCUUU 287
8111_3::chr14:91232511- chr14:91235037-
91235199_607 + 91235062 UGAUGUUCCCCAUCUUUGGGCCUGA 288
8111_3::chr14:91232511- chr14:91235038-
91235199_609 + 91235063 GAUGUUCCCCAUCUUUGGGCCUGAA 289
8111_3::chr14:91232511- chr14:91235039-
91235199_610 + 91235064 AUGUUCCCCAUCUUUGGGCCUGAAG 290
8111_3::chr14:91232511- chr14:91235054-
91235199_613 + 91235079 GGGCCUGAAGGGGCCACACUCCUCA 291
8111_3::chr14:91232511- chr14:91235055-
91235199_615 + 91235080 GGCCUGAAGGGGCCACACUCCUCAU 292
8111_3::chr14:91232511- chr14:91235061-
91235199_619 + 91235086 AAGGGGCCACACUCCUCAUGGGCUC 293
8111_3::chr14:91232511- chr14:91235062-
91235199_620 + 91235087 AGGGGCCACACUCCUCAUGGGCUCA 294

65



WO 2019/150309 PCT/IB2019/050799

8111_3::chr14:91232511- chr14:91235067-
91235199_622 + 91235092 CCACACUCCUCAUGGGCUCAGGGAC 295
8111_3::chr14:91232511- chr14:91235068-
91235199_623 + 91235093 CACACUCCUCAUGGGCUCAGGGACU 296
8111_3::chr14:91232511- chr14:91235102-
91235199_625 + 91235127 UCUCCACCGCCAUCCUGUUUAUAGA 297
8111_3::chr14:91232511- chr14:91235105-
91235199_626 + 91235130 CCACCGCCAUCCUGUUUAUAGAAGG 298
8111_3::chr14:91232511- chr14:91235122-
91235199_628 + 91235147 AUAGAAGGUGGUUCAAGCUCUACCA 299
8111_3::chr14:91232511- chr14:91235123-
91235199_631 + 91235148 UAGAAGGUGGUUCAAGCUCUACCAA 300
8111_3::chr14:91232511- chr14:91235127-
91235199_633 + 91235152 AGGUGGUUCAAGCUCUACCAAGGGC 301
8111_3::chr14:91232511- chr14:91235128-
91235199_634 + 91235153 GGUGGUUCAAGCUCUACCAAGGGCU 302
8111_3::chr14:91232511- chr14:91235137-
91235199_636 + 91235162 AGCUCUACCAAGGGCUGGGCAUCGC 303
8111_3::chr14:91232511- chr14:91235140-
91235199_637 + 91235165 UCUACCAAGGGCUGGGCAUCGCUGG 304
8111_3::chr14:91232511- chr14:91235143-
91235199_639 + 91235168 ACCAAGGGCUGGGCAUCGCUGGUGG 305
8111_3::chr14:91232511- chr14:91235144-
91235199_640 + 91235169 CCAAGGGCUGGGCAUCGCUGGUGGU 306
8111_3::chr14:91232511- chr14:91235165-
91235199_643 + 91235190 UGGUGGGCAAGACCCUGAAAGUCAG 307
8111_3::chr14:91232511- chr14:91235169-
91235199_645 + 91235194 GGGCAAGACCCUGAAAGUCAGAGGC 308
8111_3::chr14:91232511- chr14:91232525-
91235199_648 - 91232550 AUAAAGCAAAGUAACUGGACACCUU 309
8111_3::chr14:91232511- chr14:91232526-
91235199_650 - 91232551 AAUAAAGCAAAGUAACUGGACACCU 310
8111_3::chr14:91232511- chr14:91232535-
91235199_652 - 91232560 CAGUCUGCAAAUAAAGCAAAGUAAC 311
8111_3::chr14:91232511- chr14:91232580-
91235199_658 - 91232605 AAGUCUACAUGUGUUGACUCUGUAA 312
8111_3::chr14:91232511- chr14:91232657-
91235199_673 - 91232682 ACUGAUACAGACUGGGAUGAGCUGA 313
8111_3::chr14:91232511- chr14:91232658-
91235199_674 - 91232683 CACUGAUACAGACUGGGAUGAGCUG 314
8111_3::chr14:91232511- chr14:91232669-
91235199_679 - 91232694 CACUGGCUUCCCACUGAUACAGACU 315
8111_3::chr14:91232511- chr14:91232670-
91235199_681 - 91232695 ACACUGGCUUCCCACUGAUACAGAC 316
8111_3::chr14:91232511- chr14:91232691-
91235199_686 - 91232716 UUCCUCCUAUGUUGACCUUAAACAC 317
8111_3::chr14:91232511- chr14:91232749-
91235199_693 - 91232774 GAUUUUACUGGGUCAGUGACAUUGG 318
8111_3::chr14:91232511- chr14:91232752-
91235199_696 - 91232777 CAGGAUUUUACUGGGUCAGUGACAU 319
8111_3::chr14:91232511- chr14:91232765-
91235199_697 - 91232790 AUGCAACUCAGUCCAGGAUUUUACU 320
8111_3::chr14:91232511- chr14:91232766-
91235199_698 - 91232791 CAUGCAACUCAGUCCAGGAUUUUAC 321
8111_3::chr14:91232511- chr14:91232776-
91235199_700 - 91232801 AAGAAGAGCCCAUGCAACUCAGUCC 322
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8111_3::chr14:91232511- chr14:91232814-
91235199_707 - 91232839 UGACCAAGUUUGAAGGCGGCAGAAA 323
8111_3::chr14:91232511- chr14:91232823-
91235199_709 - 91232848 AGGAGGAAGUGACCAAGUUUGAAGG 324
8111_3::chr14:91232511- chr14:91232826-
91235199_710 - 91232851 UAGAGGAGGAAGUGACCAAGUUUGA 325
8111_3::chr14:91232511- chr14:91232845-
91235199_715 - 91232870 GAGGUUCUCUUCCCCUUCCUAGAGG 326
8111_3::chr14:91232511- chr14:91232848-
91235199_718 - 91232873 GGGGAGGUUCUCUUCCCCUUCCUAG 327
8111_3::chr14:91232511- chr14:91232869-
91235199_723 - 91232894 GUGGAGGGUGUCCGAUGACUUGGGG 328
8111_3::chr14:91232511- chr14:91232872-
91235199_725 - 91232897 CUUGUGGAGGGUGUCCGAUGACUUG 329
8111_3::chr14:91232511- chr14:91232873-
91235199_727 - 91232898 CCUUGUGGAGGGUGUCCGAUGACUU 330
8111_3::chr14:91232511- chr14:91232874-
91235199_729 - 91232899 UCCUUGUGGAGGGUGUCCGAUGACU 331
8111_3::chr14:91232511- chr14:91232889-
91235199_732 - 91232914 CAGCCCCUGCUCAGAUCCUUGUGGA 332
8111_3::chr14:91232511- chr14:91232890-
91235199_733 - 91232915 ACAGCCCCUGCUCAGAUCCUUGUGG 333
8111_3::chr14:91232511- chr14:91232893-
91235199_736 - 91232918 UGCACAGCCCCUGCUCAGAUCCUUG 334
8111_3::chr14:91232511- chr14:91232928-
91235199_741 - 91232953 CUCACAGUGGUCCCAGGGCUACACU 335
8111_3::chr14:91232511- chr14:91232938-
91235199_742 - 91232963 GGGAAGGGUGCUCACAGUGGUCCCA 336
8111_3::chr14:91232511- chr14:91232939-
91235199_743 - 91232964 AGGGAAGGGUGCUCACAGUGGUCCC 337
8111_3::chr14:91232511- chr14:91232946-
91235199_745 - 91232971 GUGCCCCAGGGAAGGGUGCUCACAG 338
8111_3::chr14:91232511- chr14:91232958-
91235199_746 - 91232983 CCCAGGCUGGAGGUGCCCCAGGGAA 339
8111_3::chr14:91232511- chr14:91232959-
91235199_747 - 91232984 GCCCAGGCUGGAGGUGCCCCAGGGA 340
8111_3::chr14:91232511- chr14:91232963-
91235199_750 - 91232988 AACAGCCCAGGCUGGAGGUGCCCCA 341
8111_3::chr14:91232511- chr14:91232964-
91235199_752 - 91232989 CAACAGCCCAGGCUGGAGGUGCCCC 342
8111_3::chr14:91232511- chr14:91232973-
91235199_754 - 91232998 GCCCAGAGGCAACAGCCCAGGCUGG 343
8111_3::chr14:91232511- chr14:91232976-
91235199_756 - 91233001 GAUGCCCAGAGGCAACAGCCCAGGC 344
8111_3::chr14:91232511- chr14:91232980-
91235199_758 - 91233005 CGGGGAUGCCCAGAGGCAACAGCCC 345
8111_3::chr14:91232511- chr14:91232992-
91235199_761 - 91233017 UAGCCCUUUCAUCGGGGAUGCCCAG 346
8111_3::chr14:91232511- chr14:91233003-
91235199_764 - 91233028 GCUGUGUCUCUUAGCCCUUUCAUCG 347
8111_3::chr14:91232511- chr14:91233004-
91235199_766 - 91233029 UGCUGUGUCUCUUAGCCCUUUCAUC 348
8111_3::chr14:91232511- chr14:91233005-
91235199_768 - 91233030 GUGCUGUGUCUCUUAGCCCUUUCAU 349
8111_3::chr14:91232511- chr14:91233043-
91235199_776 - 91233068 UCCCCUCUUCCCCCCAGCCUUGAAG 350
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8111_3::chr14:91232511- chr14:91233095-
91235199_783 - 91233120 UCUGGAAUCUACCAAAGGGAGGCCC 351
8111_3::chr14:91232511- chr14:91233101-
91235199_785 - 91233126 AACAUUUCUGGAAUCUACCAAAGGG 352
8111_3::chr14:91232511- chr14:91233104-
91235199_786 - 91233129 GCAAACAUUUCUGGAAUCUAGCCAAA 353
8111_3::chr14:91232511- chr14:91233105-
91235199_788 - 91233130 AGCAAACAUUUCUGGAAUCUACCAA 354
8111_3::chr14:91232511- chr14:91233118-
91235199_792 - 91233143 AGAAGUUGGCAUCAGCAAACAUUUC 355
8111_3::chr14:91232511- chr14:91233137-
91235199_795 - 91233162 GGGACCAGGGGCUAGAAGCAGAAGU 356
8111_3::chr14:91232511- chr14:91233154-
91235199_801 - 91233179 UGGGCUUCCUCCAAGAAGGGACCAG 357
8111_3::chr14:91232511- chr14:91233155-
91235199_802 - 91233180 CUGGGCUUCCUCCAAGAAGGGACCA 358
8111_3::chr14:91232511- chr14:91233156-
91235199_804 - 91233181 ACUGGGCUUCCUCCAAGAAGGGACC 359
8111_3::chr14:91232511- chr14:91233162-
91235199_806 - 91233187 AGGCUAACUGGGCUUCCUCCAAGAA 360
8111_3::chr14:91232511- chr14:91233163-
91235199_808 - 91233188 GAGGCUAACUGGGCUUCCUCCAAGA 361
8111_3::chr14:91232511- chr14:91233178-
91235199_814 - 91233203 GUUCUUCAGAACCAAGAGGCUAACU 362
8111_3::chr14:91232511- chr14:91233179-
91235199_815 - 91233204 AGUUCUUCAGAACCAAGAGGCUAAC 363
8111_3::chr14:91232511- chr14:91233187-
91235199_817 - 91233212 GGGACUCGAGUUCUUCAGAACCAAG 364
8111_3::chr14:91232511- chr14:91233212-
91235199_823 - 91233237 UGACUAAGGAUGCCUUCCAUGGCCU 365
8111_3::chr14:91232511- chr14:91233213-
91235199_825 - 91233238 CUGACUAAGGAUGCCUUCCAUGGCC 366
8111_3::chr14:91232511- chr14:91233218-
91235199_827 - 91233243 CAGCUCUGACUAAGGAUGCCUUCCA 367
8111_3::chr14:91232511- chr14:91233231-
91235199_828 - 91233256 AGUGAACUGGGACCAGCUCUGACUA 368
8111_3::chr14:91232511- chr14:91233248-
91235199_832 - 91233273 CUUCAGACCUUCUGGUCAGUGAACU 369
8111_3::chr14:91232511- chr14:91233249-
91235199_833 - 91233274 CCUUCAGACCUUCUGGUCAGUGAAC 370
8111_3::chr14:91232511- chr14:91233261-
91235199_837 - 91233286 AGAAAUGCUAGCCCUUCAGACCUUC 371
8111_3::chr14:91232511- chr14:91233328-
91235199_843 - 91233353 GAUCCUAGCUCCAGCCAUAAGAACU 372
8111_3::chr14:91232511- chr14:91233329-
91235199_845 - 91233354 GGAUCCUAGCUCCAGCCAUAAGAAC 373
8111_3::chr14:91232511- chr14:91233355-
91235199_851 - 91233380 GAAUUGAGGGAGUUAUAGGCAGAGG 374
8111_3::chr14:91232511- chr14:91233358-
91235199_854 - 91233383 GGAGAAUUGAGGGAGUUAUAGGCAG 375
8111_3::chr14:91232511- chr14:91233364-
91235199_858 - 91233389 GGGUUGGGAGAAUUGAGGGAGUUAU 376
8111_3::chr14:91232511- chr14:91233373-
91235199_860 - 91233398 GGGGGUGUUGGGUUGGGAGAAUUGA 377
8111_3::chr14:91232511- chr14:91233374-
91235199_863 - 91233399 AGGGGGUGUUGGGUUGGGAGAAUUG 378
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8111_3::chr14:91232511- chr14:91233384-
91235199_868 - 91233409 GAAGGAAGGUAGGGGGUGUUGGGUU 379
8111_3::chr14:91232511- chr14:91233385-
91235199_870 - 91233410 AGAAGGAAGGUAGGGGGUGUUGGGU 380
8111_3::chr14:91232511- chr14:91233389-
91235199_872 - 91233414 GGAAAGAAGGAAGGUAGGGGGUGUU 381
8111_3::chr14:91232511- chr14:91233390-
91235199_873 - 91233415 AGGAAAGAAGGAAGGUAGGGGGUGU 382
8111_3::chr14:91232511- chr14:91233396-
91235199_875 - 91233421 GGGAGGAGGAAAGAAGGAAGGUAGG 383
8111_3::chr14:91232511- chr14:91233397-
91235199_876 - 91233422 AGGGAGGAGGAAAGAAGGAAGGUAG 384
8111_3::chr14:91232511- chr14:91233398-
91235199_877 - 91233423 AAGGGAGGAGGAAAGAAGGAAGGUA 385
8111_3::chr14:91232511- chr14:91233399-
91235199_879 - 91233424 GAAGGGAGGAGGAAAGAAGGAAGGU 386
8111_3::chr14:91232511- chr14:91233403-
91235199_882 - 91233428 GAAGGAAGGGAGGAGGAAAGAAGGA 387
8111_3::chr14:91232511- chr14:91233407-
91235199_883 - 91233432 GGGAGAAGGAAGGGAGGAGGAAAGA 388
8111_3::chr14:91232511- chr14:91233415-
91235199_888 - 91233440 GGAGGAAGGGGAGAAGGAAGGGAGG 389
8111_3::chr14:91232511- chr14:91233418-
91235199_892 - 91233443 AAAGGAGGAAGGGGAGAAGGAAGGG 390
8111_3::chr14:91232511- chr14:91233421-
91235199_894 - 91233446 AGGAAAGGAGGAAGGGGAGAAGGAA 391
8111_3::chr14:91232511- chr14:91233422-
91235199_896 - 91233447 AAGGAAAGGAGGAAGGGGAGAAGGA 392
8111_3::chr14:91232511- chr14:91233426-
91235199_899 - 91233451 GGGGAAGGAAAGGAGGAAGGGGAGA 393
8111_3::chr14:91232511- chr14:91233432-
91235199_905 - 91233457 AAGAGGGGGGAAGGAAAGGAGGAAG 394
8111_3::chr14:91232511- chr14:91233433-
91235199_907 - 91233458 AAAGAGGGGGGAAGGAAAGGAGGAA 395
8111_3::chr14:91232511- chr14:91233434-
91235199_909 - 91233459 GAAAGAGGGGGGAAGGAAAGGAGGA 396
8111_3::chr14:91232511- chr14:91233438-
91235199_912 - 91233463 GAAAGAAAGAGGGGGGAAGGAAAGG 397
8111_3::chr14:91232511- chr14:91233441-
91235199_915 - 91233466 AAGGAAAGAAAGAGGGGGGAAGGAA 398
8111_3::chr14:91232511- chr14:91233446-
91235199_917 - 91233471 GGGGGAAGGAAAGAAAGAGGGGGGA 399
8111_3::chr14:91232511- chr14:91233450-
91235199_920 - 91233475 AAGAGGGGGAAGGAAAGAAAGAGGG 400
8111_3::chr14:91232511- chr14:91233451-
91235199_922 - 91233476 AAAGAGGGGGAAGGAAAGAAAGAGG 401
8111_3::chr14:91232511- chr14:91233452-
91235199_924 - 91233477 GAAAGAGGGGGAAGGAAAGAAAGAG 402
8111_3::chr14:91232511- chr14:91233453-
91235199_926 - 91233478 AGAAAGAGGGGGAAGGAAAGAAAGA 403
8111_3::chr14:91232511- chr14:91233454-
91235199_928 - 91233479 AAGAAAGAGGGGGAAGGAAAGAAAG 404
8111_3::chr14:91232511- chr14:91233465-
91235199_934 - 91233490 GAGGGGGAAGGAAGAAAGAGGGGGA 405
8111_3::chr14:91232511- chr14:91233469-
91235199_936 - 91233494 GCAGGAGGGGGAAGGAAGAAAGAGG 406
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8111_3::chr14:91232511- chr14:91233470-
91235199_939 - 91233495 GGCAGGAGGGGGAAGGAAGAAAGAG 407
8111_3::chr14:91232511- chr14:91233471-
91235199_941 - 91233496 AGGCAGGAGGGGGAAGGAAGAAAGA 408
8111_3::chr14:91232511- chr14:91233472-
91235199_942 - 91233497 AAGGCAGGAGGGGGAAGGAAGAAAG 409
8111_3::chr14:91232511- chr14:91233482-
91235199_948 - 91233507 AGGGGGAAGGAAGGCAGGAGGGGGA 410
8111_3::chr14:91232511- chr14:91233486-
91235199_951 - 91233511 CUGGAGGGGGAAGGAAGGCAGGAGG 411
8111_3::chr14:91232511- chr14:91233487-
91235199_953 - 91233512 ACUGGAGGGGGAAGGAAGGCAGGAG 412
8111_3::chr14:91232511- chr14:91233488-
91235199_955 - 91233513 GACUGGAGGGGGAAGGAAGGCAGGA 413
8111_3::chr14:91232511- chr14:91233489-
91235199_957 - 91233514 AGACUGGAGGGGGAAGGAAGGCAGG 414
8111_3::chr14:91232511- chr14:91233492-
91235199_960 - 91233517 GGAAGACUGGAGGGGGAAGGAAGGC 415
8111_3::chr14:91232511- chr14:91233496-
91235199_962 - 91233521 GAAGGGAAGACUGGAGGGGGAAGGA 416
8111_3::chr14:91232511- chr14:91233500-
91235199_963 - 91233525 GUGGGAAGGGAAGACUGGAGGGGGA 417
8111_3::chr14:91232511- chr14:91233504-
91235199_967 - 91233529 CAGGGUGGGAAGGGAAGACUGGAGG 418
8111_3::chr14:91232511- chr14:91233505-
91235199_968 - 91233530 ACAGGGUGGGAAGGGAAGACUGGAG 419
8111_3::chr14:91232511- chr14:91233506-
91235199_971 - 91233531 AACAGGGUGGGAAGGGAAGACUGGA 420
8111_3::chr14:91232511- chr14:91233507-
91235199_972 - 91233532 CAACAGGGUGGGAAGGGAAGACUGG 421
8111_3::chr14:91232511- chr14:91233510-
91235199_976 - 91233535 CCACAACAGGGUGGGAAGGGAAGAC 422
8111_3::chr14:91232511- chr14:91233518-
91235199_978 - 91233543 CAGCCCGCCCACAACAGGGUGGGAA 423
8111_3::chr14:91232511- chr14:91233519-
91235199_980 - 91233544 GCAGCCCGCCCACAACAGGGUGGGA 424
8111_3::chr14:91232511- chr14:91233523-
91235199_983 - 91233548 CACUGCAGCCCGCCCACAACAGGGU 425
8111_3::chr14:91232511- chr14:91233524-
91235199_986 - 91233549 GCACUGCAGCCCGCCCACAACAGGG 426
8111_3::chr14:91232511- chr14:91233527-
91235199_988 - 91233552 UCAGCACUGCAGCCCGCCCACAACA 427
8111_3::chr14:91232511- chr14:91233528-
91235199_989 - 91233553 AUCAGCACUGCAGCCCGCCCACAAC 428
8111_3::chr14:91232511- chr14:91233556-
91235199_991 - 91233581 ACAAUGCCUGUCCAAACGUCCCGGU 429
8111_3::chr14:91232511- chr14:91233557-
91235199_992 - 91233582 GACAAUGCCUGUCCAAACGUCCCGG 430
8111_3::chr14:91232511- chr14:91233560-
91235199_995 - 91233585 ACAGACAAUGCCUGUCCAAACGUCC 431
8111_3::chr14:91232511- chr14:91233609-
91235199_999 - 91233634 UGGGAGGCUGGGCGUUCAGCUGCCA 432
8111_3::chr14:91232511- chr14:91233610-
91235199_1000 - 91233635 GUGGGAGGCUGGGCGUUCAGCUGCC 433
8111_3::chr14:91232511- chr14:91233625-
91235199_1002 - 91233650 GUGAGGACAUGGAGGGUGGGAGGCU 434
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8111_3::chr14:91232511- chr14:91233626-
91235199_1003 - 91233651 UGUGAGGACAUGGAGGGUGGGAGGC 435
8111_3::chr14:91232511- chr14:91233630-
91235199_1005 - 91233655 GGAGUGUGAGGACAUGGAGGGUGGG 436
8111_3::chr14:91232511- chr14:91233633-
91235199_1006 - 91233658 UGGGGAGUGUGAGGACAUGGAGGGU 437
8111_3::chr14:91232511- chr14:91233634-
91235199_1009 - 91233659 AUGGGGAGUGUGAGGACAUGGAGGG 438
8111_3::chr14:91232511- chr14:91233637-
91235199_1011 - 91233662 UGCAUGGGGAGUGUGAGGACAUGGA 439
8111_3::chr14:91232511- chr14:91233638-
91235199_1012 - 91233663 GUGCAUGGGGAGUGUGAGGACAUGG 440
8111_3::chr14:91232511- chr14:91233641-
91235199_1016 - 91233666 UUUGUGCAUGGGGAGUGUGAGGACA 441
8111_3::chr14:91232511- chr14:91233647-
91235199_1019 - 91233672 GCAGAGUUUGUGCAUGGGGAGUGUG 442
8111_3::chr14:91232511- chr14:91233656-
91235199_1023 - 91233681 CUGCUUCCUGCAGAGUUUGUGCAUG 443
8111_3::chr14:91232511- chr14:91233657-
91235199_1026 - 91233682 CCUGCUUCCUGCAGAGUUUGUGCAU 444
8111_3::chr14:91232511- chr14:91233658-
91235199_1028 - 91233683 GCCUGCUUCCUGCAGAGUUUGUGCA 445
8111_3::chr14:91232511- chr14:91233685-
91235199_1032 - 91233710 GGGGAAGACAGUGAACUGCGUUCCC 446
8111_3::chr14:91232511- chr14:91233709-
91235199_1034 - 91233734 UGGCCAGGCUGGGGCUGCUGGUCGG 447
8111_3::chr14:91232511- chr14:91233710-
91235199_1036 - 91233735 GUGGCCAGGCUGGGGCUGCUGGUCG 448
8111_3::chr14:91232511- chr14:91233711-
91235199_1039 - 91233736 UGUGGCCAGGCUGGGGCUGCUGGUC 449
8111_3::chr14:91232511- chr14:91233712-
91235199_1041 - 91233737 AUGUGGCCAGGCUGGGGCUGCUGGU 450
8111_3::chr14:91232511- chr14:91233716-
91235199_1043 - 91233741 UGCGAUGUGGCCAGGCUGGGGCUGC 451
8111_3::chr14:91232511- chr14:91233723-
91235199_1044 - 91233748 CCGCGGCUGCGAUGUGGCCAGGCUG 452
8111_3::chr14:91232511- chr14:91233724-
91235199_1045 - 91233749 GCCGCGGCUGCGAUGUGGCCAGGCU 453
8111_3::chr14:91232511- chr14:91233725-
91235199_1046 - 91233750 UGCCGCGGCUGCGAUGUGGCCAGGC 454
8111_3::chr14:91232511- chr14:91233729-
91235199_1049 - 91233754 CCUCUGCCGCGGCUGCGAUGUGGCC 455
8111_3::chr14:91232511- chr14:91233734-
91235199_1050 - 91233759 CGUGUCCUCUGCCGCGGCUGCGAUG 456
8111_3::chr14:91232511- chr14:91233745-
91235199_1051 - 91233770 UGGGAAUAAGCCGUGUCCUCUGCCG 457
8111_3::chr14:91232511- chr14:91233769-
91235199_1053 - 91233794 UGGGAAUAAGCCCCGGUUGGCUCGU 458
8111_3::chr14:91232511- chr14:91233770-
91235199_1055 - 91233795 GUGGGAAUAAGCCCCGGUUGGCUCG 459
8111_3::chr14:91232511- chr14:91233777-
91235199_1058 - 91233802 GCCGAGGGUGGGAAUAAGCCCCGGU 460
8111_3::chr14:91232511- chr14:91233781-
91235199_1059 - 91233806 GACCGCCGAGGGUGGGAAUAAGCCC 461
8111_3::chr14:91232511- chr14:91233793-
91235199_1061 - 91233818 UGAGCCCGCUGGGACCGCCGAGGGU 462
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CUGAGCCCGCUGGGACCGCCGAGGG
UUGCUGAGCCCGCUGGGACCGCCGA
CUUGCUGAGCCCGCUGGGACCGCCG
CCUGCUCUCGCUUGCUGAGCCCGCU
GCCUGCUCUCGCUUGCUGAGCCCGC
GGAGGCAGGGAAGCCCCUGUAACUC
UCCUGCUUCCCUCGCUGCGGAGGCA
CUCCUGCUUCCCUCGCUGCGGAGGC
CCGCCUCCUGCUUCCCUCGCUGCGG
CUGCCGCCUCCUGCUUCCCUCGCUG
CUGAGCCUUCAGCCCACGGGCCUCA
CCUGAGCCUUCAGCCCACGGGCCUC
CGUGAGGCCUGAGCCUUCAGCCCAC
ACGUGAGGCCUGAGCCUUCAGCCCA
GGUCCUCCGCGGGUGGCUCCACGUG
UGGCCUAGCCUGGGUCCUCCGCGGG
GGUUGGCCUAGCCUGGGUCCUCCGC
AGGUUGGCCUAGCCUGGGUCCUCCG
CCCCACGGGCAGGUUGGCCUAGCCU
UCCCCACGGGCAGGUUGGCCUAGCC
UCGGGCGGGUUCCCCACGGGCAGGU
AGGGUCGGGCGGGUUCCCCACGGGC
CGCCAGGGUCGGGCGGGUUCCCCAC
UCGCCAGGGUCGGGCGGGUUCCCCA
GACCCCUAACUCGCCAGGGUCGGGC
AGACCCCUAACUCGCCAGGGUCGGG
UCCAGACCCCUAACUCGCCAGGGUC

UUCCAGACCCCUAACUCGCCAGGGU
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GGCCUUCCAGACCCCUAACUCGCCA
CGGCCUUCCAGACCCCUAACUCGCC
CCCGAGCUGUUGACCAAGCUCCACC
UCCGGGAAAAGCGGGGCCCAGGGUG
AGGCCUCCGGGAAAAGCGGGGCCCA
GAGGCCUCCGGGAAAAGCGGGGCCC
GCCCCCGAGGCCUCCGGGAAAAGCG
UGCCCCCGAGGCCUCCGGGAAAAGC
GUGCCCCCGAGGCCUCCGGGAAAAG
CCCGCUGGGUGCCCCCGAGGCCUCC
ACCCGCUGGGUGCCCCCGAGGCCUC
GAGGCCUACCCGCUGGGUGCCCCCG
GCCGGGCCAGGGAGGCCUACCCGCU
GGCCGGGCCAGGGAGGCCUACCCGC
UGCUCCAGGACCGGCCGGGCCAGGG
ACCUGCUCCAGGACCGGCCGGGCCA
CACCUGCUCCAGGACCGGCCGGGCC
UUCCUCACCUGCUCCAGGACCGGCC
CUUCCUCACCUGCUCCAGGACCGGC
UGGCCUUCCUCACCUGCUCCAGGAC
CUGCCUGGCCUUCCUCACCUGCUCC
CUGGCCCGCCUCCGCGGGGCCUGCC
CACCGGGACCUGGCCCGCCUCCGCG
CCACCGGGACCUGGCCCGCCUCCGC
CCCACCGGGACCUGGCCCGCCUCCG
GUCAGCGAGACCACCCACCGGGACC
UGCUUCGUCAGCGAGACCACCCACC

CUGCUUCGUCAGCGAGACCACCCAC
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8111_3::chr14:91232511- chr14:91234265-
91235199_1179 - 91234290 GGGAGGCCAGCUGCGACUUCGCCAA 519
8111_3::chr14:91232511- chr14:91234266-
91235199_1180 - 91234291 UGGGAGGCCAGCUGCGACUUCGCCA 520
8111_3::chr14:91232511- chr14:91234287-
91235199_1183 - 91234312 UUGCUGCUGGUGCGCAGCGUCUGGG 521
8111_3::chr14:91232511- chr14:91234290-
91235199_1184 - 91234315 GUGUUGCUGCUGGUGCGCAGCGUCU 522
8111_3::chr14:91232511- chr14:91234291-
91235199_1186 - 91234316 CGUGUUGCUGCUGGUGCGCAGCGUC 523
8111_3::chr14:91232511- chr14:91234305-
91235199_1190 - 91234330 UUCCUGCCCUACCACGUGUUGCUGC 524
8111_3::chr14:91232511- chr14:91234338-
91235199_1192 - 91234363 GUGCUCAGCACCGUGGUCAUCUUCC 525
8111_3::chr14:91232511- chr14:91234350-
91235199_1193 - 91234375 AUCCAGCGGCUGGUGCUCAGCACCG 526
8111_3::chr14:91232511- chr14:91234365-
91235199_1194 - 91234390 AGCCGCAAGGACCAGAUCCAGCGGC 527
8111_3::chr14:91232511- chr14:91234369-
91235199_1195 - 91234394 GAAGAGCCGCAAGGACCAGAUCCAG 528
8111_3::chr14:91232511- chr14:91234383-
91235199_1196 - 91234408 AGCCACGGCACCCAGAAGAGCCGCA 529
8111_3::chr14:91232511- chr14:91234403-
91235199_1201 - 91234428 UCCUGCGCGCCGUGCGCCGGAGCCA 530
8111_3::chr14:91232511- chr14:91234411-
91235199_1202 - 91234436 CCAGGGCAUCCUGCGCGCCGUGCGC 531
8111_3::chr14:91232511- chr14:91234433-
91235199_1205 - 91234458 UCUGCCUGCUGCUGGCGUGCUACCA 532
8111_3::chr14:91232511- chr14:91234434-
91235199_1206 - 91234459 AUCUGCCUGCUGCUGGCGUCCUACC 533
8111_3::chr14:91232511- chr14:91234446-
91235199_1210 - 91234471 UUCCUCUUCCCCAUCUGCCUGCUGC 534
8111_3::chr14:91232511- chr14:91234475-
91235199_1212 - 91234500 CCAUCAACUACUACCGCUUCCUGGU 535
8111_3::chr14:91232511- chr14:91234476-
91235199_1213 - 91234501 GCCAUCAACUACUACCGCUUCCUGG 536
8111_3::chr14:91232511- chr14:91234479-
91235199_1215 - 91234504 CGCGCCAUCAACUACUACCGCUUCC 537
8111_3::chr14:91232511- chr14:91234510-
91235199_1218 - 91234535 CUUUGAGCACUACCCCAUCCAGGCA 538
8111_3::chr14:91232511- chr14:91234515-
91235199_1219 - 91234540 GUGUGCUUUGAGCACUACCCCAUCC 539
8111_3::chr14:91232511- chr14:91234560-
91235199_1225 - 91234585 UUCCUGAUGCACGAGGAGGUCAUCG 540
8111_3::chr14:91232511- chr14:91234569-
91235199_1228 - 91234594 AGCAUCUACUUCCUGAUGCACGAGG 541
8111_3::chr14:91232511- chr14:91234572-
91235199_1229 - 91234597 ACCAGCAUCUACUUCCUGAUGCACG 542
8111_3::chr14:91232511- chr14:91234608-
91235199_1233 - 91234633 GGCGUCAGCGUGGUCAUCUGGGCCA 543
8111_3::chr14:91232511- chr14:91234614-
91235199_1236 - 91234639 GCCGUCGGCGUCAGCGUGGUCAUCU 544
8111_3::chr14:91232511- chr14:91234615-
91235199_1237 - 91234640 GGCCGUCGGCGUCAGCGUGGUCAUC 545
8111_3::chr14:91232511- chr14:91234623-
91235199_1239 - 91234648 CUGAAGGCGGCCGUCGGCGUCAGCG 546
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8111_3::chr14:91232511- chr14:91234634-
91235199_1241 - 91234659 AGUUCCGGACCCUGAAGGCGGCCGU 547
8111_3::chr14:91232511- chr14:91234641-
91235199_1243 - 91234666 UUCCACCAGUUCCGGACCCUGAAGG 548
8111_3::chr14:91232511- chr14:91234644-
91235199_1244 - 91234669 CGCUUCCACCAGUUCCGGACCCUGA 549
8111_3::chr14:91232511- chr14:91234654-
91235199_1247 - 91234679 CCAUCCCUUCCGCUUCCACCAGUUC 550
8111_3::chr14:91232511- chr14:91234683-
91235199_1249 - 91234708 AUCUCCGUGGACCGCUACCUGGCUG 551
8111_3::chr14:91232511- chr14:91234689-
91235199_1250 - 91234714 UGCUGCAUCUCCGUGGACCGCUACC 552
8111_3::chr14:91232511- chr14:91234701-
91235199_1252 - 91234726 GUGGGCUUCCUCUGCUGCAUCUCCG 553
8111_3::chr14:91232511- chr14:91234724-
91235199_1254 - 91234749 UGUACGAGAACAUCUACAUCAGCGU 554
8111_3::chr14:91232511- chr14:91234725-
91235199_1255 - 91234750 CUGUACGAGAACAUCUACAUCAGCG 555
8111_3::chr14:91232511- chr14:91234760-
91235199_1260 - 91234785 ACGGCGACCUGUCCUGCCAGGUGUG 556
8111_3::chr14:91232511- chr14:91234767-
91235199_1261 - 91234792 UGGUCUCACGGCGACCUGUCCUGCC 557
8111_3::chr14:91232511- chr14:91234784-
91235199_1262 - 91234809 UGCUGCAGCACGACAACUGGUCUCA 558
8111_3::chr14:91232511- chr14:91234792-
91235199_1263 - 91234817 GCAGUACGUGCUGCAGCACGACAAC 559
8111_3::chr14:91232511- chr14:91234822-
91235199_1266 - 91234847 CUUCUACAUCUGCUCGCUGCCCUUC 560
8111_3::chr14:91232511- chr14:91234857-
91235199_1267 - 91234882 GGCGUGUACCUGUGCAACCUGACGG 561
8111_3::chr14:91232511- chr14:91234860-
91235199_1268 - 91234885 CUGGGCGUGUACCUGUGCAACCUGA 562
8111_3::chr14:91232511- chr14:91234883-
91235199_1269 - 91234908 UGCAGAUCAAGGCCCGGAACGAGCU 563
8111_3::chr14:91232511- chr14:91234884-
91235199_1270 - 91234909 CUGCAGAUCAAGGCCCGGAACGAGC 564
8111_3::chr14:91232511- chr14:91234894-
91235199_1274 - 91234919 CUUCGGCUACCUGCAGAUCAAGGCC 565
8111_3::chr14:91232511- chr14:91234899-
91235199_1277 - 91234924 CUCUACUUCGGCUACCUGCAGAUCA 566
8111_3::chr14:91232511- chr14:91234916-
91235199_1278 - 91234941 CGGCCAACUGCCUGUCCCUCUACUU 567
8111_3::chr14:91232511- chr14:91234941-
91235199_1281 - 91234966 GUUACCGUGCUGGUGGUGGGCUUCC 568
8111_3::chr14:91232511- chr14:91234949-
91235199_1282 - 91234974 UGGUCUAUGUUACCGUGCUGGUGGU 569
8111_3::chr14:91232511- chr14:91234950-
91235199_1283 - 91234975 GUGGUCUAUGUUACCGUGCUGGUGG 570
8111_3::chr14:91232511- chr14:91234953-
91235199_1285 - 91234978 CCGGUGGUCUAUGUUACCGUGCUGG 571
8111_3::chr14:91232511- chr14:91234956-
91235199_1286 - 91234981 GCCCCGGUGGUCUAUGUUACCGUGC 572
8111_3::chr14:91232511- chr14:91234974-
91235199_1287 - 91234999 ACCAUCCACCAGACGCUGGCCCCGaG 573
8111_3::chr14:91232511- chr14:91234977-
91235199_1288 - 91235002 CAUACCAUCCACCAGACGCUGGCCC 574
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AUCGACCAUACCAUCCACCAGACGC
UGUGGCCCCUUCAGGCCCAAAGAUG
GUGUGGCCCCUUCAGGCCCAAAGAU
AGUGUGGCCCCUUCAGGCCCAAAGA
AGCCCAUGAGGAGUGUGGCCCCUUC
CCAGUCCCUGAGCCCAUGAGGAGUG
GACAGGCCCAGUCCCUGAGCCCAUG
AUAAACAGGAUGGCGGUGGAGAGAC
CCACCUUCUAUAAACAGGAUGGCGG
GAACCACCUUCUAUAAACAGGAUGG
CUUGAACCACCUUCUAUAAACAGGA
AGAGCUUGAACCACCUUCUAUAAAC
CCCACCACCAGCGAUGCCCAGCCCU
UAUUCUAUUUCAAUUUUUUAAAUGC
UGAAGUUGAUUUACUGACCCAUGAA
GAAGUUGAUUUACUGACCCAUGAAU
CAUGAAUGGGUCACAACCCGCAGUU
UCACAACCCGCAGUUUGGAAACAGC
AACCCGCAGUUUGGAAACAGCUGGA
GCUUUCCAGCUUCUCCUAGAGCCUC
CUUUCCAGCUUCUCCUAGAGCCUCA
GCUUCUCCUAGAGCCUCAGGGCCCC
CUCCUAGAGCCUCAGGGCCCCAGGA
GCCUCAGGGCCCCAGGAAGGCAGUG
GGAAGGCAGUGUGGUCUCUGCAACC
GCAGUGUGGUCUCUGCAACCAGGUG
UGGUCUCUGCAACCAGGUGAGGAGC

UGAGGAGCAGGCAGCUGCUGAAAUC
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UUCUUCAUCCCAUUCAUAACGAAAC
GUUCUUCAUCCCAUUCAUAACGAAA
CGUUCUUCAUCCCAUUCAUAACGAA
ACUAGUCUCACGCACCGUUCUUCAU
UACUAGUCUCACGCACCGUUCUUCA
UAUCUUAUCUUUACUAGUCUCACGC
UUUGACGCCCAACACUGGGUAAGUA
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AUCUGCGUGCGCGCUGGCAAGAGGA
CAUCUGCGUGCGCGCUGGCAAGAGG
CGCCAUCUGCGUGCGCGCUGGCAAG
GCCACCCCGCCAUCUGCGUGCGCGC
CAGGAAGGGACCCGAAGACCUCCCC
CAACUUGGCCCUGCGUUCCCAGGAA
ACAACUUGGCCCUGCGUUCCCAGGA
GAGCACAACUUGGCCCUGCGUUCCC
GGGGGCGUGGAAUCGGAGCACAACU
GACGUGGGUGGGGGGGGCGUGGAAU
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meant a transcription activator-like effector nuclease, an artificial nuclease which can be used to

edit a GPR68 gene.
[00189]

DNA cleavage domain. Transcription activator-like effects (TALEs) can be engineered to bind

any desired DNA sequence, including a portion of the GPR68 gene. By combining an

engineered TALE with a DNA cleavage domain, a restriction enzyme can be produced which is

specific to any desired DNA sequence, including a GPR68 sequence. These can then be
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introduced into a cell, wherein they can be used for genome editing (Boch 2011 Nature Biotech.
29: 135-6; and Boch et al. 2009 Science 326: 1509-12; Moscou et al. 2009 Science 326: 3501).
[00190] TALEs are proteins secreted by Xanthomonas bacteria. The DNA binding domain
contains a repeated, highly conserved 33-34 amino acid sequence, with the exception of the
12th and 13th amino acids. These two positions are highly variable, showing a strong
correlation with specific nucleotide recognition. They can thus be engineered to bind to a
desired DNA sequence.

[00191] To produce a TALEN, a TALE protein is fused to a nuclease (N), which is a wild-
type or mutated Fokl endonuclease. Several mutations to Fokl have been made for its use in
TALENSs; these, for example, improve cleavage specificity or activity (Cermak et al. 2011 Nucl.
Acids Res. 39: e82; Miller et al. 2011 Nature Biotech. 29: 143-8; Hockemeyer et al. 2011 Nature
Biotech. 29: 731-734; Wood et al. 2011 Science 333: 307; Doyon et al. 2010 Nature Methods 8:
74-79; Szczepek et al. 2007 Nature Biotech. 25: 786-793; and Guo et al. 2010 J. Mol. Biol. 200:
96).

[00192] The Fokl domain functions as a dimer, requiring two constructs with unique DNA
binding domains for sites in the target genome with proper orientation and spacing. Both the
number of amino acid residues between the TALE DNA binding domain and the Fokl cleavage
domain and the number of bases between the two individual TALEN binding sites appear to be
important parameters for achieving high levels of activity (Miller et al. 2011 Nature Biotech. 29:
143-8).

[00193] A GPR68 TALEN can be used inside a cell to produce a double-stranded break
(DSB). A mutation can be introduced at the break site if the repair mechanisms improperly
repair the break via non-homologous end joining. For example, improper repair may introduce a
frame shift mutation. Alternatively, foreign DNA can be introduced into the cell along with the
TALEN; depending on the sequences of the foreign DNA and chromosomal sequence, this
process can be used to correct a defect in the GPRB8 gene or introduce such a defect into a wt
GPRB88 gene, thus decreasing expression of GPR68.

[00194] TALENS specific to sequences in GPR68 can be constructed using any method
known in the art, including various schemes using modular components (Zhang et al. 2011
Nature Biotech. 29: 149-53; Geibler et al. 2011 PLoS ONE 6: €19509).
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Zinc Finger Nuclease to Inhibit GPR68

[00195] By “ZFN” or “Zinc Finger Nuclease” or “ZFN to GPR68” or “ZFN to inhibit GPR68”
and the like is meant a zinc finger nuclease, an artificial nuclease which can be used to edit a
GPR68 gene.

[00196] Like a TALEN, a ZFN comprises a Fokl nuclease domain (or derivative thereof)

fused to a DNA-binding domain. In the case of a ZFN, the DNA-binding domain comprises one
or more zinc fingers (Carroll et al. 2011. Genetics Society of America 188: 773-782; and Kim et
al. Proc. Natl. Acad. Sci. USA 93: 1156-1160).

[00197] A zinc finger is a small protein structural motif stabilized by one or more zinc ions.
A zinc finger can comprise, for example, Cys2His2, and can recognize an approximately 3-bp
sequence. Various zinc fingers of known specificity can be combined to produce multi-finger
polypeptides which recognize about 6, 9, 12, 15 or 18-bp sequences. Various selection and
modular assembly techniques are available to generate zinc fingers (and combinations thereof)
recognizing specific sequences, including phage display, yeast one-hybrid systems, bacterial
one-hybrid and two-hybrid systems, and mammalian cells.

[00198] Like a TALEN, a ZFN must dimerize to cleave DNA. Thus, a pair of ZFNs are
required to target non-palindromic DNA sites. The two individual ZFNs must bind opposite
strands of the DNA with their nucleases properly spaced apart (Bitinaite et al. 1998 Proc. Natl.
Acad. Sci. USA 95: 10570-5).

[00199] Also like a TALEN, a ZFN can create a double-stranded break in the DNA, which
can create a frame-shift mutation if improperly repaired, leading to a decrease in the expression
and level and/or activity of GPR68 in a cell. ZFNs can also be used with homologous
recombination to mutate, or repair defects, in the GPR68 gene.

[00200] ZFNs specific to sequences in GPR68 can be constructed using any method
known in the art (Cathomen et al. Mol. Ther. 16: 1200-7; and Guo et al. 2010. J. Mol. Biol. 400:
96).
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Anti-GPR68 Antibodies
[00201] Some embodiments of the present disclosure provide anti-GPR68 antibodies as

GPR68 modulators. An anti-GPR68 antibody of the invention binds at least one specified
epitope specific to a GPR68 protein, subunit, fragment, portion of the invention, or any
combination thereof. The epitope can comprise an antibody binding region that comprises at
least one portion of the amino acid sequence of GPR68 (e.g., SEQ ID NOs: 1-4), which epitope
is preferably comprised of at least 1-5 amino acids of the sequences. The antibody can include
or be derived from any mammal, such as, but not limited to, a human, a mouse, a rabbit, a rat, a
rodent, a primate, or any combination thereof, and the like.

[00202] An anti-GPR68 antibody, as described herein, has at least one activity, such as,
but not limited to inhibiting or enhancing GPR68 activity, such as GPR68-dependent increase in
intracellular calcium levels. An anti-GPR68 antibody can thus be screened for a corresponding
activity according to known methods, such as but not limited to, at least one biological activity of
human GPR68.

[00203] As used herein, an “anti-GPR68 antibody,” “anti-GPR68 antibody portion,” or “anti-
GPRB88 antibody fragment” and/or “anti-GPR68 antibody variant” and the like include any
protein or polypeptide containing molecule that comprises at least a portion of an
immunoglobulin molecule, such as but not limited to, at least one complementarity determining
region (CDR) of a heavy or light chain or a ligand binding portion thereof, a heavy chain or light
chain variable region, a heavy chain or light chain constant region, a framework region, or any
portion thereof. Such antibody optionally further affects a specific ligand, such as but not limited
to, where such antibody modulates, decreases, increases, antagonizes, angonizes, mitigates,
alleviates, blocks, inhibits, abrogates and/or interferes with at least one GPR68 activity or
binding, or with GPR68 ligand activity or binding, in vitro, in situ and/or in vivo. As a non-limiting
example, a suitable anti-GPR68 antibody, specified portion or variant of the present invention
can bind at least one GPR68 protein or polypeptide of the invention, or specified portions,
variants or domains thereof. A suitable anti-GPR68 antibody, specified portion, or variant can
also optionally affect at least one of GPR68 activity or function, such as but not limited to, RNA,
DNA or protein synthesis, GPR68 release, GPR68 signaling, GPR68 activity, GPR68 production
and/or synthesis.

[00204] An “antibody” refers to a molecule of the immunoglobulin family comprising a
tetrameric structural unit. Each tetramer is composed of two identical pairs of polypeptide
chains, each pair having one “light” chain (about 25 kD) and one “heavy” chain (about 50-70
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kD), connected through a disulfide bond. Recognized immunoglobulin genes include the k, A, q,
Y, 0, £, and p constant region genes, as well as the myriad immunoglobulin variable region
genes. Light chains are classified as either k or A. Heavy chains are classified as y, p, a, 8, or
g, which in turn define the immunoglobulin classes, IgG, IgM, IgA, IgD, and IgE, respectively.
Antibodies can be of any isotype/class (e.g., IgG, IgM, IgA, IgD, and IgE), or any subclass (e.g.,
lgG1, IgG2, IgG3, IgG4, IgA1, IgA2).

[00205] The term “antibody” is further intended to encompass antibodies, digestion
fragments, specified portions and variants thereof, including antibody mimetics or portions of
antibodies that mimic the structure and/or function of an antibody or specified fragment or
portion thereof, including single chain antibodies and fragments thereof. Functional fragments
include antigen-binding fragments that bind to a mammalian GPR68. For example, antibody
fragments capable of binding to GPR68 or portions thereof, including, but not limited to, Fab
(e.g., by papain digestion), Fab' (e.g., by pepsin digestion and partial reduction) and F(ab’)2
(e.g., by pepsin digestion), facb (e.g., by plasmin digestion), pFc’ (e.g., by pepsin or plasmin
digestion), Fd (e.g., by pepsin digestion, partial reduction and reaggregation), Fv or scFv (e.g.,
by molecular biology techniques) fragments, are encompassed by the invention (see, e.g.,
Colligan, Immunology, supra).

[00206] Both the light and heavy chains are divided into regions of structural and functional
homology. The terms “constant” and “variable” are used structurally and functionally. The N-
terminus of each chain defines a variable (V) region or domain of about 100 to 110 or more
amino acids primarily responsible for antigen recognition. The terms variable light chain (V)
and variable heavy chain (Vn) refer to these regions of light and heavy chains respectively. The
pairing of a V4 and V. together forms a single antigen-binding site. In addition to V regions,
both heavy chains and light chains contain a constant (C) region or domain. A secreted form of
an immunoglobulin C region is made up of three C domains, CH1, CH2, CH3, optionally CH4
(Cp), and a hinge region. A membrane-bound form of an immunoglobulin C region also has
membrane and intracellular domains. Each light chain has a V. at the N-terminus followed by a
constant domain (C) at its other end. The constant domains of the light chain (CL) and the
heavy chain (CH1, CH2 or CH3) confer important biological properties such as secretion,
transplacental mobility, Fc receptor binding, complement binding, and the like. By convention,
the numbering of the constant region domains increases as they become more distal from the
antigen binding site or amino-terminus of the antibody. The N-terminus is a variable region and
at the C-terminus is a constant region; the CH3 and CL domains actually comprise the carboxy-
terminal domains of the heavy and light chain, respectively.The VL is aligned with the VH and
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the CL is aligned with the first constant domain of the heavy chain (CH1). As used herein, an
“antibody” encompasses conventional antibody structures and variations of antibodies. Thus,
within the scope of this concept are full length antibodies, chimeric antibodies, humanized
antibodies, human antibodies, and fragments thereof.

[00207] Antibodies exist as intact immunoglobulin chains or as a number of well-
characterized antibody fragments produced by digestion with various peptidases. The term
“antibody fragment,” as used herein, refers to one or more portions of an antibody that retain the
ability to specifically interact with (e.g., by binding, steric hindrance, stabilizing/destabilizing,
spatial distribution) an epitope of an antigen. Thus, for example, pepsin digests an antibody
below the disulfide linkages in the hinge region to produce F(ab)’,, a dimer of Fab’ which itself is
a light chain joined to Vu-Cu1 by a disulfide bond. The F(ab)’> may be reduced under mild
conditions to break the disulfide linkage in the hinge region, thereby converting the F(ab)',» dimer
into an Fab’ monomer. The Fab’ monomer is essentially Fab with part of the hinge region (Paul,
Fundamental Immunology 3d ed. (1993)). While various antibody fragments are defined in
terms of the digestion of an intact antibody, one of skill will appreciate that such fragments may
be synthesized de novo either chemically or by using recombinant DNA methodology. As used
herein, an “antibody fragment” refers to one or more portions of an antibody, either produced by
the modification of whole antibodies, or those synthesized de novo using recombinant DNA
methodologies, that retain binding specificity and functional activity. Examples of antibody
fragments include Fv fragments, single chain antibodies (ScFv), Fab, Fab', Fd (Vh and CH1
domains), dAb (Vh and an isolated CDR); and multimeric versions of these fragments (e.g.,
F(ab")z,) with the same binding specificity.

[00208] Such fragments can be produced by enzymatic cleavage, synthetic or recombinant
techniques, as known in the art and/or as described herein. Antibodies can also be produced in
a variety of truncated forms using antibody genes in which one or more stop codons have been
introduced upstream of the natural stop site. For example, a combination gene encoding a
F(ab')2 heavy chain portion can be designed to include DNA sequences encoding the CH1
domain and/or hinge region of the heavy chain. The various portions of antibodies can be joined
together chemically by conventional techniques, or can be prepared as a contiguous protein
using genetic engineering techniques.

[00209] A "Fab" domain as used in the context comprises a heavy chain variable domain, a
constant region CH1 domain, a light chain variable domain, and a light chain constant region CL
domain. The interaction of the domains is stabilized by a disulfide bond between the CH1 and
CL domains. In some embodiments, the heavy chain domains of the Fab are in the order, from
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N-terminus to C-terminus, VH-CH and the light chain domains of a Fab are in the order, from N-
terminus to C-terminus, VL-CL. In some embodiments, the heavy chain domains of the Fab are
in the order, from N-terminus to C-terminus, CH-VH and the light chain domains of the Fab are
in the order CL-VL. Although the Fab fragment was historically identified by papain digestion of
an intact immunoglobulin, in the context of this disclosure, a “Fab” is typically produced
recombinantly by any method. Each Fab fragment is monovalent with respect to antigen
binding, i.e., it has a single antigen-binding site.

[00210] “Complementarity-determining domains” or “complementarity-determining regions”
(“CDRs”) interchangeably refer to the hypervariable regions of V. and Vu. CDRs are the target
protein-binding site of antibody chains that harbors specificity for such target protein. There are
three CDRs (CDR1-3, numbered sequentially from the N-terminus) in each human V. or Vy,
constituting about 15-20% of the variable domains. CDRs are structurally complementary to the
epitope of the target protein and are thus directly responsible for the binding specificity. The
remaining stretches of the V. or Vy, the so-called framework regions (FR), exhibit less variation
in amino acid sequence (Kuby, Immunology, 4th ed., Chapter 4. W.H. Freeman & Co., New
York, 2000).

[00211] Positions of CDRs and framework regions can be determined using various well
known definitions in the art, e.g., Kabat, Chothia, and AbM (see, e.g., Kabat et al. 1991
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242, Johnson et al., Nucleic Acids Res., 29:205-206
(2001); Chothia and Lesk, J. Mol. Biol., 196:901-917 (1987); Chothia et al., Nature, 342:877-883
(1989); Chothia et al., J. Mol. Biol., 227:799-817 (1992); Al-Lazikani et al., J.Mol.Biol., 273:927-
748 (1997)). Definitions of antigen combining sites are also described in the following: Ruiz et
al., Nucleic Acids Res., 28:219-221 (2000); and Lefranc, M.P., Nucleic Acids Res., 29:207-209
(2001); (ImMunoGenTics (IMGT) numbering) Lefranc, M.-P., The Immunologist, 7, 132-136
(1999); Lefranc, M.-P. et al., Dev. Comp. Immunol., 27, 55-77 (2003); MacCallum et al., J. Mol.
Biol., 262:732-745 (1996); and Martin et al., Proc. Natl. Acad. Sci. USA, 86:9268—9272 (1989);
Martin et al., Methods Enzymol., 203:121-153 (1991); and Rees et al., In Sternberg M.J.E.
(ed.), Protein Structure Prediction, Oxford University Press, Oxford, 141-172 (1996).

[00212] Under Kabat, CDR amino acid residues in the Vu are numbered 31-35 (HCDR1),
50-65 (HCDR2), and 95-102 (HCDRS3); and the CDR amino acid residues in the V| are
numbered 24-34 (LCDR1), 50-56 (LCDR2), and 89-97 (LCDR3). Under Chothia, CDR amino
acids in the Vy are numbered 26-32 (HCDR1), 52-56 (HCDR2), and 95-102 (HCDR3); and the
amino acid residues in V. are numbered 26-32 (LCDR1), 50-52 (LCDR2), and 91-96 (LCDR3).
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By combining the CDR definitions of both Kabat and Chothia, the CDRs consist of amino acid
residues 26-35 (HCDR1), 50-65 (HCDR2), and 95-102 (HCDR3) in human VH and amino acid
residues 24-34 (LCDR1), 50-56 (LCDR2), and 89-97 (LCDRS3) in human VL.

[00213] An “antibody variable light chain” or an “antibody variable heavy chain” as used
herein refers to a polypeptide comprising the Vi or Vi, respectively. The endogenous V. is
encoded by the gene segments V (variable) and J (junctional), and the endogenous Vi by V, D
(diversity), and J. Each of Vi or V4 includes the CDRs as well as the framework regions (FR).
The term “variable region” or “V-region” interchangeably refer to a heavy or light chain
comprising FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4. A V-region can be naturally occurring,
recombinant or synthetic. In this application, antibody light chains and/or antibody heavy chains
may, from time to time, be collectively referred to as “antibody chains.”

[00214] The C-terminal portion of an immunoglobulin heavy chain herein, comprising, e.g.,
CH2 and CH3 domains, is the "Fc" domain. An "Fc region” as used herein refers to the
constant region of an antibody excluding the first constant region (CH1) immunoglobulin
domain. Fc refers to the last two constant region immunoglobulin domains of IgA, IgD, and IgG,
and the last three constant region immunoglobulin domains of IgE and IgM, and the flexible
hinge N-terminal to these domains. For IgA and IgM Fc may include the J chain. For IgG, Fc
comprises immunoglobulin domains Cy2 and Cy3 and the hinge between Cy1 and Cy. ltis
understood in the art that boundaries of the Fc region may vary, however, the human IgG heavy
chain Fc region is usually defined to comprise residues C226 or P230 to its carboxyl-terminus,
using the numbering is according to the EU index as in Kabat et al. (1991, NIH Publication 91-
3242, National Technical Information Service, Springfield, Va.). "Fc region" may refer to this
region in isolation or this region in the context of an antibody or antibody fragment. "Fc region”
includes naturally occurring allelic variants of the Fc region, e.g., in the CH2 and CHS region,
including, e.g., modifications that modulate effector function. Fc regions also include variants
that don't result in alterations to biological function. For example, one or more amino acids are
deleted from the N-terminus or C-terminus of the Fc region of an immunoglobulin without
substantial loss of biological function. For example, in certain embodiments a C-terminal lysine
is modified replaced or removed. In particular embodiments one or more C-terminal residues in
the Fc region is altered or removed. In certain embodiments one or more C-terminal residues in
the Fc (e.g., a terminal lysine) is deleted. In certain other embodiments one or more C-terminal
residues in the Fc is substituted with an alternate amino acid (e.g., a terminal lysine is replaced).
Such variants are selected according to general rules known in the art so as to have minimal

effect on activity (see, e.g., Bowie, et al., Science 247:306-1310, 1990). The Fc domain is the
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portion of the immunoglobulin (lg) recognized by cell receptors, such as the FcR, and to which
the complement-activating protein, C1 g, binds. The lower hinge region, which is encoded in the
5' portion of the CH2 exon, provides flexibility within the antibody for binding to FcR receptors.
[00215] A “chimeric antibody” is an antibody molecule in which (a) the constant region, or a
portion thereof, is altered, replaced or exchanged so that the antigen binding site (variable
region) is linked to a constant region of a different or altered class, effector function and/or
species, or an entirely different molecule which confers new properties to the chimeric antibody,
e.g., an enzyme, toxin, hormone, growth factor, and drug; or (b) the variable region, or a portion
thereof, is altered, replaced or exchanged with a variable region having a different or altered
antigen specificity.

[00216] A “humanized” antibody is an antibody that retains the reactivity (e.g., binding
specificity, activity) of a non-human antibody while being less immunogenic in humans. This
can be achieved, for instance, by retaining non-human CDR regions and replacing remaining
parts of an antibody with human counterparts (see, e.g., Morrison et al., Proc. Natl. Acad. Sci.
USA, 81:6851-6855 (1984); Morrison and Oi, Adv. Immunol., 44:65-92 (1988); Verhoeyen et al.,
Science, 239:1534-1536 (1988); Padlan, Molec. Immun., 28:489-498 (1991); Padlan, Molec.
Immun., 31(3):169-217 (1994)).

[00217] A “human antibody” includes antibodies having variable regions in which both the
framework and CDR regions are derived from sequences of human origin. Furthermore, if an
antibody contains a constant region, the constant region also is derived from such human
sequences, e.g., human germline sequences, or mutated versions of human germline
sequences or antibody containing consensus framework sequences derived from human
framework sequences analysis, for example, as described in Knappik et al., J. Mol. Biol. 296:57-
86, 2000. Human antibodies may include amino acid residues not encoded by human
sequences (e.g., mutations introduced by random or site-specific mutagenesis in vitro or by
somatic mutation in vivo, or a conservative substitution to promote stability or manufacturing).
[00218] The term “corresponding human germline sequence” refers to a nucleic acid
sequence encoding a human variable region amino acid sequence or subsequence that shares
the highest determined amino acid sequence identity with a reference variable region amino
acid sequence or subsequence in comparison to all other all other known variable region amino
acid sequences encoded by human germline immunoglobulin variable region sequences. A
corresponding human germline sequence can also refer to the human variable region amino
acid sequence or subsequence with the highest amino acid sequence identity with a reference

variable region amino acid sequence or subsequence in comparison to all other evaluated
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variable region amino acid sequences. A corresponding human germline sequence can be
framework regions only, complementary determining regions only, framework and
complementary determining regions, a variable segment (as defined above), or other
combinations of sequences or sub-sequences that comprise a variable region. Sequence
identity can be determined using the methods described herein, for example, aligning two
sequences using BLAST, ALIGN, or another alignment algorithm known in the art. The
corresponding human germline nucleic acid or amino acid sequence can have at least about
90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity with the
reference variable region nucleic acid or amino acid sequence.

[00219] The term “valency” as used herein refers to the number of potential target binding
sites in a polypeptide. Each target binding site specifically binds one target molecule or a
specific site on a target molecule. When a polypeptide comprises more than one target binding
site, each target binding site may specifically bind the same or different molecules (e.g., may
bind to different molecules, e.g., different antigens, or different epitopes on the same molecule).
A conventional antibody, for example, has two binding sites and is bivalent; "trivalent" and
"tetravalent” refer to the presence of three binding sites and four binding sites, respectively, in
an antibody molecule.

[00220] The phrase “specifically binds” when used in the context of describing the
interaction between a target (e.g., a protein) and an antibody, refers to a binding reaction that is
determinative of the presence of the target in a heterogeneous population of proteins and other
biologics, e.g., in a biological sample, e.g., a blood, serum, plasma or tissue sample. Thus,
under certain designated conditions, an antibody with a particular binding specificity binds to a
particular target at least two times the background and do not substantially bind in a significant
amount to other targets present in the sample. In one embodiment, under designated
conditions, an antibody with a particular binding specificity binds to a particular antigen at least
ten (10) times the background and does not substantially bind in a significant amount to other
targets present in the sample. Specific binding to an antibody under such conditions may
require an antibody to have been selected for its specificity for a particular protein. As used
herein, specific binding includes antibodies that selectively bind to GPR68 and do not include
antibodies that cross-react with, e.g., other GPCRs. A variety of formats may be used to select
antibodies that are specifically reactive with a particular target antigen protein. For example,
solid-phase ELISA immunoassays are routinely used to select antibodies specifically
immunoreactive with a protein (see, e.g., Harlow & Lane, Using Antibodies, A Laboratory
Manual (1998), for a description of immunoassay formats and conditions that can be used to
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determine specific immunoreactivity). Typically a specific or selective binding reaction will
produce a signal at least twice over the background signal and more typically at least than 10 to
100 times over the background.

[00221] The term “equilibrium dissociation constant (Kp, M)” refers to the dissociation rate
constant (kg, time™) divided by the association rate constant (ka, time™, M), Equilibrium
dissociation constants can be measured using any known method in the art. The antibody
generally will have an equilibrium dissociation constant of less than about 107 or 10 M, for
example, less than about 10° M or 107'° M, in some embodiments, less than about 10" M, 10712
M or 1073 M.

[00222] At least one antibody of the invention binds at least one specified epitope specific
to at least one GPR68 protein, subunit, fragment, portion or any combination thereof, as
described herein (e.g., SEQ ID NOs: 1-4). The at least one epitope can comprise at least one
antibody binding region that comprises at least one portion of the protein sequences
corresponding to the peptide sequences from the receptor binding region of human GPR68, as
described herein, which epitope is preferably comprised of at least one extracellular, soluble,
hydrophilic, external or cytoplasmic portion of the protein.

[00223] Generally, the human antibody or antigen-binding fragment of the present invention
will comprise an antigen-binding region that comprises at least one human complementarity
determining region (CDR1, CDR2 and CDR3) or variant of at least one heavy chain variable
region and at least one human complementarity determining region (CDR1, CDR2 and CDR3)
or variant of at least one light chain variable region.

[00224] Anti-GPR68 antibodies useful in the methods and compositions of the present
invention can optionally be characterized by high affinity binding to a GPR68 protein and,
optionally and preferably, having low toxicity. In particular, an antibody, specified fragment or
variant of the invention, where the individual components, such as the variable region, constant
region and framework, individually and/or collectively, optionally and preferably, possess low
immunogenicity, is useful in the present invention. The antibodies that can be used in the
invention are optionally characterized by their ability to treat patients for extended periods with
measurable alleviation of symptoms and low and/or acceptable toxicity. Low or acceptable
immunogenicity and/or high affinity, as well as other suitable properties, can contribute to the
therapeutic results achieved. “Low immunogenicity” is defined herein as raising significant
HAHA, HACA or HAMA responses in less than about 75%, or preferably less than about 50% of
the patients treated and/or raising low titres in the patient treated (less than about 300,
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preferably, less than about 100 measured with a double antigen enzyme immunoassay) (Elliott
et al., Lancet 344:1125-1127 (1994), entirely incorporated herein by reference).

[00225] In another aspect, the invention relates to human antibodies and antigen-binding
fragments, as described herein, which are modified by the covalent attachment of an organic
moiety. Such modification can produce an antibody or antigen-binding fragment with improved
pharmacokinetic properties (e.g., increased in vivo serum half-life). The organic moiety can be a
linear or branched hydrophilic polymeric group, fatty acid group, or fatty acid ester group. Lipid
molecules such as a disteroylphosphatidyl ethanolamine moiety, either alone or covalently
bonded to a hydrophilic polymer, are useful. In particular embodiments, the hydrophilic
polymeric group can have a molecular weight of about 800 to about 120,000 Daltons and can
be a polyalkane glycol (e.g., polyethylene glycol (PEG), polypropylene glycol (PPG)),
carbohydrate polymer, amino acid polymer or polyvinyl pyrolidone, and the fatty acid or fatty
acid ester group can comprise from about eight to about forty carbon atoms.

[00226] The modified antibodies and antigen-binding fragments of the invention can
comprise one or more organic moieties that are covalently bonded, directly or indirectly, to the
antibody. Each organic moiety that is bonded to an antibody or antigen-binding fragment of the
invention can independently be a hydrophilic polymeric group, a fatty acid group or a fatty acid
ester group. As used herein, the term “fatty acid” encompasses mono-carboxylic acids and di-
carboxylic acids. A “hydrophilic polymeric group,” as the term is used herein, refers to an
organic polymer that is more soluble in water than in octane. For example, polylysine is more
soluble in water than in octane. Thus, an antibody modified by the covalent attachment of
polylysine is encompassed by the invention. Hydrophilic polymers suitable for modifying
antibodies of the invention can be linear or branched and include, for example, polyalkane
glycols (e.g., PEG, monomethoxy-polyethylene glycol (mPEG), PPG and the like),
carbohydrates (e.g., dextran, cellulose, oligosaccharides, polysaccharides and the like),
polymers of hydrophilic amino acids (e.g., polylysine, polyarginine, polyaspartate and the like),
polyalkane oxides (e.g., polyethylene oxide, polypropylene oxide and the like) and polyvinyl
pyrolidone. Preferably, the hydrophilic polymer that modifies the antibody of the invention has a
molecular weight of about 800 to about 150,000 Daltons as a separate molecular entity. For
example, PEG5000 and PEG20,000, wherein the subscript is the average molecular weight of
the polymer in Daltons, can be used. The hydrophilic polymeric group can be substituted with
one to about six alkyl, fatty acid or fatty acid ester groups. Hydrophilic polymers that are
substituted with a fatty acid or fatty acid ester group can be prepared by employing suitable
methods. For example, a polymer comprising an amine group can be coupled to a carboxylate
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of the fatty acid or fatty acid ester, and an activated carboxylate (e.g., activated with N,N-
carbonyl diimidazole) on a fatty acid or fatty acid ester can be coupled to a hydroxyl group on a
polymer.

[00227] Fatty acids and fatty acid esters suitable for modifying antibodies of the invention
can be saturated or can contain one or more units of unsaturation. Fatty acids that are suitable
for modifying antibodies of the invention include, for example, n-dodecanoate (C12, laurate), n-
tetradecanoate (C14, myristate), n-octadecanoate (C18, stearate), n-eicosanoate (C20,
arachidate), n-docosanoate (C22, behenate), n-triacontanoate (C30), n-tetracontanoate (C40),
cis-A9-octadecanoate (C18, oleate), all cis-A5,8,11,14-eicosatetraenoate (C20, arachidonate),
octanedioic acid, tetradecanedioic acid, octadecanedioic acid, docosanedioic acid, and the like.
Suitable fatty acid esters include mono-esters of dicarboxylic acids that comprise a linear or
branched lower alkyl group. The lower alkyl group can comprise from one to about twelve,
preferably, one to about six, carbon atoms.

[00228] The modified human antibodies and antigen-binding fragments can be prepared
using suitable methods, such as by reaction with one or more modifying agents. A “modifying
agent” as the term is used herein, refers to a suitable organic group (e.g., hydrophilic polymer, a
fatty acid, a fatty acid ester) that comprises an activating group. An “activating group” is a
chemical moiety or functional group that can, under appropriate conditions, react with a second
chemical group thereby forming a covalent bond between the modifying agent and the second
chemical group. For example, amine-reactive activating groups include electrophilic groups
such as tosylate, mesylate, halo (chloro, bromo, fluoro, iodo), N-hydroxysuccinimidyl esters
(HS), and the like. Activating groups that can react with thiols include, for example, maleimide,
iodoacetyl, acrylolyl, pyridyl disulfides, 5-thiol-2-nitrobenzoic acid thiol (TNB-thiol), and the like.
An aldehyde functional group can be coupled to amine- or hydrazide-containing molecules, and
an azide group can react with a trivalent phosphorous group to form phosphoramidate or
phosphorimide linkages. Suitable methods to introduce activating groups into molecules are
known in the art (see for example, Hermanson, G. T., Bioconjugate Techniques, Academic
Press: San Diego, Calif. (1996)). An activating group can be bonded directly to the organic
group (e.g., hydrophilic polymer, fatty acid, fatty acid ester), or through a linker moiety, for
example, a divalent C1-C12 group wherein one or more carbon atoms can be replaced by a
heteroatom such as oxygen, nitrogen or sulfur. Suitable linker moieties include, for example,
tetraethylene glycol, —(CHz)s—, —NH—(CH,)e—NH—, —(CH>)>—NH— and —CH,—O—
CH>—CH,—0O—CH,—CH,—0O—CH—NH—. Modifying agents that comprise a linker moiety
can be produced, for example, by reacting a mono-Boc-alkyldiamine (e.g., mono-Boc-
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ethylenediamine, mono-Boc-diaminohexane) with a fatty acid in the presence of 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) to form an amide bond between the free amine and
the fatty acid carboxylate. The Boc protecting group can be removed from the product by
treatment with trifluoroacetic acid (TFA) to expose a primary amine that can be coupled to
another carboxylate as described, or can be reacted with maleic anhydride and the resulting
product cyclized to produce an activated maleimido derivative of the fatty acid. (See, for
example, Thompson, et al., WO 92/16221, the entire teachings of which are incorporated herein
by reference.)

[00229] The modified antibodies of the invention can be produced by reacting a human
antibody or antigen-binding fragment with a modifying agent. For example, the organic moieties
can be bonded to the antibody in a non-site specific manner by employing an amine-reactive
modifying agent, for example, a NHS ester of PEG. Modified human antibodies or antigen-
binding fragments can also be prepared by reducing disulfide bonds (e.g., intra-chain disulfide
bonds) of an antibody or antigen-binding fragment. The reduced antibody or antigen-binding
fragment can then be reacted with a thiol-reactive modifying agent to produce the modified
antibody of the invention. Modified human antibodies and antigen-binding fragments comprising
an organic moiety that is bonded to specific sites of an antibody of the present invention can be
prepared using suitable methods, such as reverse proteolysis (Fisch et al., Bioconjugate Chem.,
3:147-153 (1992); Werlen et al., Bioconjugate Chem., 5:411-417 (1994); Kumaran et al., Protein
Sci. 6(10):2233-2241 (1997); ltoh et al., Bioorg. Chem., 24(1): 59-68 (1996); Capellas et al.,
Biotechnol. Bioeng., 56(4):456-463 (1997)), and the methods described in Hermanson, G. T.,
Bioconjugate Techniques, Academic Press: San Diego, Calif. (1996).

[00230] Monoclonal antibodies of this invention may be raised by traditional immunization
and hybridoma technology. After immunization of mice with human GPR68 antigenic
compositions comprising the polypeptides of the invention, spleen cells or lymphocytes from
lymph node tissue from immunized animals are recovered and immortalized by fusion with
myeloma cells or by Epstein-Barr (EB)-virus transformation. Monoclonal antibodies are obtained
by screening for clones expressing the desired antibody. While mice are frequently employed as
the test model, it is contemplated that any mammalian subject, including human subjects or
antibody-producing cells, can be manipulated according to the processes of this invention to
serve as the basis for production of mammalian, including human and hybrid cell lines.
Techniques for cloning recombinant DNA of antibody molecule directly from an antibody-
expressing B cell are within the scope of this invention. Such B cells can be isolated by the
fluorescence activated cell sorter.
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[00231] While routinely, mouse monoclonal antibodies are generated, the invention is not
so limited. For therapeutic applications, human or humanized antibodies are desired. Such
antibodies can be obtained by using human hybridomas or by generating humanized antibodies.
Humanized antibodies can be developed by replacing the specific segments of a non-human
antibody with corresponding segments of a human antibody gene. This process retains most or
all of CDR regions of the light and heavy chain variable regions of parental antibody and largely
replaces the framework regions with human sequences (EP Patent No. 184187; EP Patent No.
171496; EP Patent No. 173494 and WO Patent No. 86/01533). Human monoclonal antibodies
are also generated in transgenic mice that contain genes or gene segments encoding human
antibodies in their genome (U.S. Pat. No. 6,162,963; WO Patent No. 93/12227; U.S. Pat. No.
5,877,5397; U.S. Pat. No. 5,874,299; U.S. Pat. No. 5,814,318; U.S. Pat. No. 5,789,650; U.S.
Pat. No. 5,770,429; U.S. Pat. No. 5,661,016; U.S. Pat. No. 5,625,126; U.S. Pat. No. 5,569,825;
U.S. Pat. No. 5,545,806; and WO Patent No. 91/10741).

[00232] Human monoclonal antibodies are also obtained from recombinant antibody
libraries, generated in vitro or in vivo, using phage display, ribosome display, or related
screening or selection techniques. Examples of procedures for generating antibody libraries,
primarily of human origin, are disclosed by A. Knappik and others (U.S. Pat. No. 6,291,158; U.S.
Pat. No. 6,291,159; U.S. Pat. No. 6,291,160 and U.S. Pat. No. 6,291,161). Examples of
methods for selections of human antibodies to specific antigen targets from such libraries are
disclosed by B. Krebs and others (U.S. Pat. No. 5,955,341; U.S. Pat. No. 5,759,817; U.S. Pat.
No. 5,658,727; U.S. Pat. No. 6,235,469; U.S. Pat. No. 5,969,108; U.S. Pat. No. 5,886,793)].
[00233] At least one anti-GPR68 antibody of the present invention can be optionally
produced by a cell line, a mixed cell line, an immortalized cell or clonal population of
immortalized cells, as well known in the art. See, e.g., Ausubel, et al., ed., Current Protocols in
Molecular Biology, John Wiley & Sons, Inc., NY, N.Y. (1987-2001); Sambrook, et al., Molecular
Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor, N.Y. (1989); Harlow and Lane,
antibodies, a Laboratory Manual, Cold Spring Harbor, N.Y. (1989); Colligan, et al., eds., Current
Protocols in Immunology, John Wiley & Sons, Inc., NY (1994-2001); Colligan et al., Current
Protocols in Protein Science, John Wiley & Sons, NY, N.Y., (1997-2001), each entirely
incorporated herein by reference.

[00234] Human antibodies that are specific for human GPR68 (as described herein),
variants, or fragments thereof can be raised against an appropriate immunogenic antigen as
described herein, such as the isolated and/or GPR68, variants, or portions thereof (including
synthetic molecules, such as synthetic polypeptides) as described herein. Other specific or
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general mammalian antibodies can be similarly raised. Preparation of immunogenic antigens,
and monoclonal antibody production can be performed using any suitable technique.

[00235] In one approach, a hybridoma is produced by fusing a suitable immortal cell line,
e.g., a myeloma cell line such as, but not limited to, Sp2/0, Sp2/0-AG14, NSO, NS1, NS2, AE-1,
L.5, >243, P3X63Ag8.653, Sp2 SA3, Sp2 MAI, Sp2 SS1, Sp2 SA5, U937, MLA 144, ACT IV,
MOLT4, DA-1, JURKAT, WEHI, K-562, COS, RAJI, NIH 3T3, HL-60, MLA 144, NAMAIWA,
NEURO 2A, or the like, heteromylomas, fusion products thereof, any cell or fusion cell derived
therefrom, or any other suitable cell line as known in the art, which can be found, for example at
ATCC, with antibody producing cells, such as, but not limited to, isolated or cloned spleen,
peripheral blood, lymph, tonsil, or other immune or B cell containing cells, or any other cells
expressing heavy or light chain constant or variable or framework or CDR sequences, either as
endogenous or heterologous nucleic acid molecule, as recombinant or endogenous, viral,
bacterial, algal, prokaryotic, amphibian, insect, reptilian, fish, mammalian, rodent, equine, ovine,
goat, sheep, primate, eukaryotic, genomic DNA, cDNA, rDNA, mitochondrial DNA or RNA,
chloroplast DNA or RNA, hnRNA, mRNA, tRNA, single, double or triple stranded, hybridized,
and the like or any combination thereof. See, e.g., Ausubel, supra, and Colligan, Immunology,
supra, chapter 2, entirely incorporated herein by reference.

[00236] Antibody producing cells can also be obtained from the peripheral blood or,
preferably the spleen or lymph nodes, of humans or other suitable animals that have been
immunized with the antigen of interest. Any other suitable host cell can also be used for
expressing heterologous or endogenous nucleic acid encoding an antibody, specified fragment
or variant thereof, of the present invention. The fused cells (hybridomas) or recombinant cells
can be isolated using selective culture conditions or other suitable known methods, and cloned
by limiting dilution or cell sorting, or other known methods. Cells that produce antibodies with
the desired specificity can be selected by a suitable assay (e.g., ELISA).

[00237] Other suitable methods of producing or isolating antibodies of the requisite
specificity can be used, including, but not limited to, methods that select recombinant antibody
from a polypeptide or protein display library (e.g., but not limited to, a bacteriophage, ribosome,
oligonucleotide, RNA, cDNA, or the like, display library; e.g., as available from Cambridge
antibody Technologies, Cambridgeshire, UK; MorphoSys, Martinsreid/Planegg, Del.; Biovation,
Aberdeen, Scotland, UK; Biolnvent, Lund, Sweden; Dyax Corp., Enzon, Affymax/Biosite; Xoma,
Berkeley, Calif.; Ixsys. See, e.g., EP 368,684, PCT/GB91/01134; PCT/GB92/01755;
PCT/GB92/002240; PCT/GB92/00883; PCT/GB93/00605; U.S. Ser. No. 08/350,260(May 12,
1994); PCT/GB94/01422; PCT/GB94/02662; PCT/GB97/01835; (CAT/MRC); WO90/14443;
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WO90/14424; WO90/14430; PCT/US94/1234; WO92/18619; WO96/07754; (Scripps);
W096/13583, WO97/08320 (MorphoSys); WO95/16027 (Biolnvent); WO88/06630; WO90/3809
(Dyax); U.S. Pat. No. 4,704,692 (Enzon); PCT/US91/02989 (Affymax); WO89/06283; EP 371
998; EP 550 400; (Xoma); EP 229 046; PCT/US91/07149 (Ixsys); or stochastically generated
peptides or proteins—U.S. Pat. Nos. 5,723,323, 5,763,192, 5,814,476, 5,817,483, 5,824,514,
5,976,862, WO 86/05803, EP 590 689 (Ixsys, now Applied Molecular Evolution (AME), each
entirely incorporated herein by reference) or that rely upon immunization of transgenic animals
(e.g., SCID mice, Nguyen et al., Microbiol. Immunol. 41:901-907 (1997); Sandhu et al., Crit.
Rev. Biotechnol. 16:95-118 (1996); Eren et al., Immunol. 93:154-161 (1998), each entirely
incorporated by reference as well as related patents and applications) that are capable of
producing a repertoire of human antibodies, as known in the art and/or as described herein.
Such techniques, include, but are not limited to, ribosome display (Hanes et al., Proc. Natl.
Acad. Sci. USA, 94:4937-4942 (May 1997); Hanes et al., Proc. Natl. Acad. Sci. USA, 95:14130-
14135 (November 1998)); single cell antibody producing technologies (e.g., selected
lymphocyte antibody method (“SLAM”) (U.S. Pat. No. 5,627,052, Wen et al., J. Immunol.
17:887-892 (1987); Babcook et al., Proc. Natl. Acad. Sci. USA 93:7843-7848 (1996)); gel
microdroplet and flow cytometry (Powell et al., Biotechnol. 8:333-337 (1990); One Cell Systems,
Cambridge, Mass.; Gray et al., J. Imm. Meth. 182:155-163 (1995); Kenny et al., Bio/Technol.
13:787-790 (1995)); B-cell selection (Steenbakkers et al., Molec. Biol. Reports 19:125-134
(1994); Jonak et al., Progress Biotech, Vol. 5, In Vitro Immunization in Hybridoma Technology,
Borrebaeck, ed., Elsevier Science Publishers B.V., Amsterdam, Netherlands (1988)).

[00238] Methods for engineering or humanizing non-human or human antibodies can also
be used and are well known in the art. Generally, a humanized or engineered antibody has one
or more amino acid residues from a source that is non-human, e.g., but not limited to, mouse,
rat, rabbit, non-human primate or other mammal. These human amino acid residues are often
referred to as “import” residues, which are typically taken from an “import” variable, constant or
other domain of a known human sequence. Known human Ig sequences are disclosed, e.g., at
www.ncbi.nlm.nih.gov/entrez/query.fcgi; www.atcc.org/phage/hdb.html; www.sciquest.com/;
www.abcam.com/; www.antibodyresource.com/onlinecomp.html;
www.public.iastate.edu/pedro/research_tools.html; www.mgen.uni-heidelberg.de/SD/IT/IT.html;
www.whfreeman.com/immunology/CHO5/kuby05.htm;
www.library.thinkquest.org/12429/Immune/Antibody.html;
www.hhmi.org/grants/lectures/1996/viab/; www.path.cam.ac.uk/"mrc7/mikeimages.htmi;

www.antibodyresource.com/;
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mcb.harvard.edu/BioLinks/Immunology.html.www.immunologylink.com;
pathbox.wustl.edu/"hcenter/index.html; www.biotech.ufl.edu/"hcl/;
www.pebio.com/pa/340913/340913.html; www.nal.usda.gov/awic/pubs/antibody/;
www.m.ehime-u.ac.jp/"yasuhito/Elisa.html; www.biodesign.com/table.asp;
www.icnet.uk/axp/facs/davies/links.html; www.biotech.ufl.edu/ fccl/protocol. html; www.isac-
net.org/sites_geo.html; aximtl.imt.uni-marburg.de/ rek/AEPStart.html;
baserv.uci.kun.nl"jraats/linksl. html; www.recab.uni-hd.de/immuno.bme.nwu.edu/; www.mrc-
cpe.cam. ac.uk/imt-doc/public/INTRO.html; www.ibt.unam.mx/vir/V_mice.html;
imgt.cnusc.fr:8104/; www.biochem.ucl.ac.uk/"martin/abs/index.html; antibody.bath.ac.uk/;
abgen.cvm.tamu.edu/lab/wwwabgen.html; www.unizh.ch/"honegger/AHOseminar/Slide01.html;
www.cryst.bbk.ac.uk/"ubcg07s/; www.nimr.mrc.ac.uk/CC/ccaewg/ccaewg.htm;
www.path.cam.ac.uk/"mrc7/humanisation/TAHHP .html;
www.ibt.unam.mx/vir/structure/stat_aim.html; www.biosci.missouri. edu/smithgp/index.html;
www.cryst.bioc.cam.ac.uk/fmolina/Web-pages/Pept/spottech.html;
www.jerini.de/fr_products.htm; www.patents.ibom.com/ibm.html.Kabat et al., Sequences of
Proteins of Immunological Interest, U.S. Dept. Health (1983), each entirely incorporated herein
by reference.

[00239] Such imported sequences can be used to reduce immunogenicity or reduce,
enhance or modify binding, affinity, on-rate, off-rate, avidity, specificity, half-life, or any other
suitable characteristic, as known in the art. Generally part or all of the non-human or human
CDR sequences are maintained while the non-human sequences of the variable and constant
regions are replaced with human or other amino acids. Antibodies can also optionally be
humanized with retention of high affinity for the antigen and other favorable biological
properties. To achieve this goal, humanized antibodies can be optionally prepared by a process
of analysis of the parental sequences and various conceptual humanized products using three-
dimensional models of the parental and humanized sequences. Three-dimensional
immunoglobulin models are commonly available and are familiar to those skilled in the art.
Computer programs are available which illustrate and display probable three-dimensional
conformational structures of selected candidate immunoglobulin sequences. Inspection of these
displays permits analysis of the likely role of the residues in the functioning of the candidate
immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way, FR residues can be selected and
combined from the consensus and import sequences so that the desired antibody characteristic,
such as increased affinity for the target antigen(s), is achieved. In general, the CDR residues
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are directly and most substantially involved in influencing antigen binding. Humanization or
engineering of antibodies of the present invention can be performed using any known method,
such as but not limited to, those described in, Winter (Jones et al., Nature 321:522 (1986);
Riechmann et al., Nature 332:323 (1988); Verhoeyen et al., Science 239:1534 (1988)), Sims et
al., J. Immunol. 151: 2296 (1993); Chothia and Lesk, J. Mol. Biol. 196:901 (1987), Carter et al.,
Proc. Natl. Acad. Sci. U.S.A. 89:4285 (1992); Presta et al., J. Immunol. 151:2623 (1993), U.S.
Pat. Nos. 5,723,323, 5,976,862, 5,824,514, 5,817,483, 5,814,476, 5,763,192, 5,723,323,
5,766,886, 5,714,352, 6,204,023, 6,180,370, 5,693,762, 5,530,101, 5,585,089, 5,225,539; and
4,816,567, PCT/: US98/16280, US96/18978, US91/09630, US91/05939, US94/01234,
GB89/01334, GB91/01134, GB92/01755; W0O90/14443, WO90/14424, WO90/14430, and EP
2292486, each entirely incorporated herein by reference, included references cited therein.
[00240] The anti-GPR68 antibody can also be optionally generated by immunization of a
transgenic animal (e.g., mouse, rat, hamster, non-human primate, and the like) capable of
producing a repertoire of human antibodies, as described herein and/or as known in the art.
Cells that produce a human anti-GPR68 antibody can be isolated from such animals and
immortalized using suitable methods, such as the methods described herein.

[00241] Transgenic mice that can produce a repertoire of human antibodies that bind to
human antigens can be produced by known methods (e.g., but not limited to, U.S. Pat. Nos.
5,770,428, 5,569,825, 5,545,806, 5,625,126, 5,625,825, 5,633,425, 5,661,016 and 5,789,650
issued to Lonberg et al.; Jakobovits et al. WO 98/50433, Jakobovits et al. WO 98/24893,
Lonberg et al. WO 98/24884, Lonberg et al. WO 97/13852, Lonberg et al. WO 94/25585,
Kucherlapate et al. WO 96/34096, Kucherlapate et al. EP 0463 151 B1, Kucherlapate et al. EP
0710 719 A1, Surani et al. U.S. Pat. No. 5,545,807, Bruggemann et al. WO 90/04036,
Bruggemann et al. EP 0438 474 B1, Lonberg et al. EP 0814 259 A2, Lonberg et al. GB 2 272
440 A, Lonberg et al. Nature 368:856-859 (1994), Taylor et al., Int. Immunol. 6(4)579-591
(1994), Green et al, Nature Genetics 7:13-21 (1994), Mendez et al., Nature Genetics 15:146-
156 (1997), Taylor et al., Nucleic Acids Research 20(23):6287-6295 (1992), Tuaillon et al., Proc
Natl Acad Sci USA 90(8)3720-3724 (1993), Lonberg et al., Int Rev Immunol 13(1):65-93 (1995)
and Fishwald et al., Nat Biotechnol 14(7):845-851 (1996), which are each entirely incorporated
herein by reference). Generally, these mice comprise at least one transgene comprising DNA
from at least one human immunoglobulin locus that is functionally rearranged, or which can
undergo functional rearrangement. The endogenous immunoglobulin loci in such mice can be
disrupted or deleted to eliminate the capacity of the animal to produce antibodies encoded by

endogenous genes.
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[00242] Screening antibodies for specific binding to similar proteins or fragments can be
conveniently achieved using peptide display libraries. This method involves the screening of
large collections of peptides for individual members having the desired function or structure.
Antibody screening of peptide display libraries is well known in the art. The displayed peptide
sequences can be from 3 to 5,000 or more amino acids in length, frequently from 5-100 amino
acids long, and often from about 8 to 25 amino acids long. In addition to direct chemical
synthetic methods for generating peptide libraries, several recombinant DNA methods have
been described. One type involves the display of a peptide sequence on the surface of a
bacteriophage or cell. Each bacteriophage or cell contains the nucleotide sequence encoding
the particular displayed peptide sequence. Such methods are described in PCT Patent
Publication Nos. 91/17271, 91/18980, 91/19818, and 93/08278. Other systems for generating
libraries of peptides have aspects of both in vitro chemical synthesis and recombinant methods.
See, PCT Patent Publication Nos. 92/05258, 92/14843, and 96/19256. See also, U.S. Pat. Nos.
5,658,754 and 5,643,768. Peptide display libraries, vector, and screening kits are commercially
available from such suppliers as Invitrogen (Carlsbad, Calif.), and Cambridge antibody
Technologies (Cambridgeshire, UK). See, e.g., U.S. Pat. Nos. 4,704,692, 4,939,666, 4,946,778,
5,260,203, 5,455,030, 5,518,889, 5,534,621, 5,656,730, 5,763,733, 5,767,260, 5,856,456,
assigned to Enzon; 5,223,409, 5,403,484, 5,571,698, 5,837,500, assigned to Dyax, 5,427,908,
5,580,717, assigned to Affymax; 5,885,793, assigned to Cambridge antibody Technologies;
5,750,373, assigned to Genentech, 5,618,920, 5,595,898, 5,576,195, 5,698,435, 5,693,493, and
5,698,417, assigned to Xoma, Colligan, supra; Ausubel, supra; or Sambrook, supra, each of the
above patents and publications entirely incorporated herein by reference.

[00243] Antibodies of the present invention can also be prepared in milk by administering at
least one anti-GPR68 antibody encoding nucleic acid to transgenic animals or mammals, such
as goats, cows, horses, sheep, and the like, that produce antibodies in their milk. Such animals
can be provided using known methods. See, e.g., but not limited to, U.S. Pat. Nos. 5,827,690;
5,849,992; 4,873,316; 5,849,992; 5,994,616; 5,565,362; 5,304,489, and the like, each of which
is entirely incorporated herein by reference.

[00244] Antibodies of the present invention can additionally be prepared using at least one
anti-GPR68 antibody encoding nucleic acid to provide transgenic plants and cultured plant cells
(e.g., but not limited to, tobacco and maize) that produce such antibodies, specified portions or
variants in the plant parts or in cells cultured therefrom. As a non-limiting example, transgenic
tobacco leaves expressing recombinant proteins have been successfully used to provide large

amounts of recombinant proteins, e.g., using an inducible promoter. See, e.g., Cramer et al.,
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Curr. Top. Microbol. Immunol. 240:95-118 (1999) and references cited therein. Also, transgenic
maize has been used to express mammalian proteins at commercial production levels, with
biological activities equivalent to those produced in other recombinant systems or purified from
natural sources. See, e.g., Hood et al., Adv. Exp. Med. Biol. 464:127-147 (1999) and references
cited therein. Antibodies have also been produced in large amounts from transgenic plant seeds
including antibody fragments, such as single chain antibodies (scFv's), including tobacco seeds
and potato tubers. See, e.g., Conrad et al., Plant Mol. Biol. 38:101-109 (1998) and reference
cited therein. Thus, antibodies of the present invention can also be produced using transgenic
plants, according to known methods. See also, e.g., Fischer et al., Biotechnol. Appl. Biochem.
30:99-108 (October, 1999), Ma et al., Trends Biotechnol. 13:522-7 (1995); Ma et al., Plant
Physiol. 109:341-6 (1995); Whitelam et al., Biochem. Soc. Trans. 22:940-944 (1994); and
references cited therein. Each of the above references is entirely incorporated herein by
reference.

[00245] The antibodies of the invention can bind human GPR68 with a wide range of
affinities (KD). In a preferred embodiment, at least one human mAb of the present invention can
optionally bind human GPR68 with high affinity. For example, a human mAb can bind human
GPR68 with a KD equal to or less than about 10~7 M, such as but not limited to, 0.1-9.9 (or any
range or value therein) X 1077, 108, 10-%, 10'°, 10", 10-"2, 103 or any range or value therein.
[00246] The affinity or avidity of an antibody for an antigen can be determined
experimentally using any suitable method. (See, for example, Berzofsky, et al., “Antibody-
Antigen Interactions,” In Fundamental Immunology, Paul, W. E., Ed., Raven Press: New York,
N.Y. (1984); Kuby, Janis Immunology, W. H. Freeman and Company: New York, N.Y. (1992);
and methods described herein). The measured affinity of a particular antibody-antigen
interaction can vary if measured under different conditions (e.g., salt concentration, pH). Thus,
measurements of affinity and other antigen-binding parameters (e.g., KD, Ka, Kd) are preferably
made with standardized solutions of antibody and antigen, and a standardized buffer, such as
the buffer described herein.

[00247] An anti-GPR68 antibody can be recovered and purified from recombinant cell
cultures by well-known methods including, but not limited to, protein A purification, ammonium
sulfate or ethanol precipitation, acid extraction, anion or cation exchange chromatography,
phosphocellulose chromatography, hydrophobic interaction chromatography, affinity
chromatography, hydroxylapatite chromatography and lectin chromatography. High
performance liquid chromatography (“HPLC”) can also be employed for purification. See, e.g.,
Colligan, Current Protocols in Immunology, or Current Protocols in Protein Science, John Wiley
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& Sons, NY, N.Y., (1997-2001), e.g., Chapters 1, 4, 6, 8, 9, 10, each entirely incorporated
herein by reference.

[00248] Antibodies of the present invention include naturally purified products, products of
chemical synthetic procedures, and products produced by recombinant techniques from a
eukaryotic host, including, for example, yeast, higher plant, insect and mammalian cells.
Depending upon the host employed in a recombinant production procedure, the antibody of the
present invention can be glycosylated or can be non-glycosylated, with glycosylated preferred.
Such methods are described in many standard laboratory manuals, such as Sambrook, supra,
Sections 17.37-17.42; Ausubel, supra, Chapters 10, 12, 13, 16, 18 and 20, Colligan, Protein
Science, supra, Chapters 12-14, all entirely incorporated herein by reference.

[00249] A typical mammalian expression vector contains at least one promoter element,
which mediates the initiation of transcription of mMRNA, the antibody coding sequence, and
signals required for the termination of transcription and polyadenylation of the transcript.
Additional elements include enhancers, Kozak sequences, and intervening sequences flanked
by donor and acceptor sites for RNA splicing. Highly efficient transcription can be achieved with
the early and late promoters from SV40, the long terminal repeats (LTRS) from Retroviruses,
e.g., GAS-6, HTLVI, HIVI and the early promoter of the cytomegalovirus (CMV). However,
cellular elements can also be used (e.g., the human actin promoter). Suitable expression
vectors for use in practicing the present invention include, for example, vectors such as
pIRES1neo, pRetro-Off, pRetro-On, PLXSN, or pLNCX (Clonetech Labs, Palo Alto, Calif.),
pcDNA3.1 (+/-), pcDNA/Zeo (+/-) or pcDNAS.1/Hygro (+/-) (Invitrogen), PSVL and PMSG
(Pharmacia, Uppsala, Sweden), pGAS-6cat (ATCC 37152), pSV2dhfr (ATCC 37146) and
pBC12MI (ATCC 67109). Mammalian host cells that could be used include human Hela 293, H9
and Jurkat cells, mouse NIH3T3 and C127 cells, Cos 1, Cos 7 and CV 1, quail QC1-3 cells,
mouse L cells and Chinese hamster ovary (CHO) cells.

[00250] Alternatively, the gene can be expressed in stable cell lines that contain the gene
integrated into a chromosome. The co-transfection with a selectable marker such as dhfr, gpt,
neomycin, or hygromycin allows the identification and isolation of the transfected cells.

[00251] The transfected gene can also be amplified to express large amounts of the
encoded antibody. The DHFR (dihydrofolate reductase) marker is useful to develop cell lines
that carry several hundred or even several thousand copies of the gene of interest. Another
useful selection marker is the enzyme glutamine synthase (GS) (Murphy, et al., Biochem. J.
227:277-279 (1991); Bebbington, et al., Bio/Technology 10:169-175 (1992)). Using these

markers, the mammalian cells are grown in selective medium and the cells with the highest
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resistance are selected. These cell lines contain the amplified gene(s) integrated into a
chromosome. Chinese hamster ovary (CHO) and NSO cells are often used for the production of
antibodies.
[00252] The expression vectors pC1 and pC4 contain the strong promoter (LTR) of the
Rous Sarcoma Virus (Cullen, et al., Molec. Cell. Biol. 5:438-447 (1985)) plus a fragment of the
CMV-enhancer (Boshart, et al., Cell 41:521-530 (1985)). Multiple cloning sites, e.g., with the
restriction enzyme cleavage sites BamHI, Xbal and Asp718, facilitate the cloning of the gene of
interest. The vectors contain in addition the 3" intron, the polyadenylation and termination signal
of the rat preproinsulin gene.
[00253] Various anti-GPR68 antibodies include, but are not limited to, those known in the
art.
[00254] A novel GPR68 modulator which is an antibody can be prepared; alternatively,
many GPR68 antibodies are known in the art.
[00255] For example, Yang et al. demonstrated an inhibitory anti-GPR68 antibody which
reduced osteoclast differentiation in a dose-dependent manner (Yang et al., J Biol Chem. 2006
Aug 18;281(33):23598-605).
[00256] Anti-GPR68 antibodies are also available commercially. These are available from,
for example:

OriGene Technologies (AP05165PU-N);

Aviva Systems Biology (OAEG00956);

Novus Biologicals (NLS1194; NLS1195; NBP1-02402; NB100-58990; NBP2-

32747);

Abcam (ab133818; ab72500);

ProSci, Inc. (48-237; 48-238); and

ABclonal (A7348).
[00257] All references to GPR68 antibodies cited immediately above are hereby
incorporated by reference in their entirety.
[00258] Any inhibitory anti-GPR68 antibody or fragment thereof can be used with any
method disclosed herein.
[00259] All the documents listed herein describing a GPR68 modulator, including, but not
limited to, an antibody, a RNAi agent, a low molecular weight compound, or any other GPR68
modulator, are hereby incorporated in their entirety by reference.
[00260] Any anti-GPR68 antibody described herein or known in the art can be used in the
methods described herein. For example, any of the anti-GPR68 antibodies described herein
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can be used in a method of treating a cardiovascular disease in a subject in need thereof, the
method comprising the step of administering to the subject a GPR68 modulator.

[00261] The various GPR68 modulators disclosed herein exhibit valuable pharmacological
properties, e.g. GPR68 modulating properties, e.g. as indicated in in vitro and/or in vivo tests as
provided in the next sections, and are therefore indicated for therapy in treating a disorder which
may be treated by modulating GPR68, such as those described below.

Methods of Modulating FMD Response and/or FMR of Small-Diameter Arteries

[00262] In various aspects, the present disclosure provides methods of modulating flow-
mediated dilation (FMD) response and/or flow-mediated outward remodeling (FMR) of small-
diameter arteries, also known as resistance arteries, in a subject in need thereof comprising
administering a modulator of a GPR68 gene product to the subject, in an amount that is
effective to modulate FMD response or FMR of small-diameter arteries in the subject.
According to the present invention, a modulator of a GPR68 gene product includes, but is not
limited to, a low molecular weight compound, an RNA inhibitor (e.g., a RNAIi agent), an aptamer,
a CRISPR, a TALEN, a zinc finger nuclease, an mRNA, or an antibody or derivative thereof.
[00263] In some embodiments, the subject being treated has an abnormal vessel dilation
and/or constriction response. An abnormal vessel dilation and/or constriction response may be
caused by a variety of diseases or conditions, such as endothial dysfunction. Endothelial
dysfunction may be associated with a variety of diseases or conditions, such as vascular
disorders, peripheral arterial disease, heart failure, hypertension, hypercholesterolemia,
diabetes, septic shock, Behcet’s disease, exposure to smoking tobacco products, exposure to
air pollution, or a combination thereof. In some embodiments, the methods may further
comprise measuring the vessel dilation and/or constriction response of the subject. For
example, the vessel dilation and/or constriction response of the subject may be measured by
brachial artery ultrasound imaging (BAUI).

[00264] In some embodiments, the modulator of a GPR68 gene product, e.g., an agonist or
antagonist of a GPR68 gene product, may increase flow-mediated dilation (FMD) response
and/or flow-mediated outward remodeling (FMR) of small-diameter arteries, also known as
resistance arteries, in a subject. For example, the modulator of a GPR68 gene product, e.g., an
agonist or antagonist of a GPR68 gene product, may increase the FMR response and/or FMR
of small-diameter arteries in a subject by at least 10%, at least 20%, at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 100%, at least
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200%, at least 300%, at least 400%, at least 500%, at least 6 times, at least 7 times, at least 8

times, at least 9 times, at least 10 times, or more.

Methods of Reducing SVR
[00265] The present disclosure further provides methods of reducing systemic vascular

resistance (SVR) in a subject comprising administering a modulator of a GPR68 gene product to
the subject, in an amount that is effective to reduce SVR in the subject. According to the
present invention, a modulator of a GPR68 gene product includes, but is not limited to, a low
molecular weight compound, an RNA inhibitor (e.g., a RNAi agent), an aptamer, a CRISPR, a
TALEN, a zinc finger nuclease, an mRNA, or an antibody or derivative thereof. In some
embodiments, the subject being treated has an abnormal SVR. An abnormal SVR may be
associated with a variety of diseases or conditions, such as peripheral arterial disease, heart
failure, hypertension, hypercholesterolemia, diabetes, septic shock, etc.

[00266] In some embodiments, the subject being treated has an abnormal SVR. An
abnormal SVR may be associated with a variety of diseases or conditions, such as peripheral
arterial disease, heart failure, hypertension, hypercholesterolemia, diabetes, septic shock, or a
combination thereof. In some embodiments, the methods may further comprise measuring the
SVR of the subject. For example, measuring the SVR of the subject may be performed by
measuring blood pressure (BP), heart rate (HR) and/or stroke volume (SV) of the subject.
[00267] In some embodiments, the modulator of a GPR68 gene product, e.g., an agonist or
antagonist of a GPR68 gene product, may reduce the systemic vascular resistance (SVR)
and/or the left ventricle afterload of a subject. For example, the modulator of a GPR68 gene
product, e.g., an agonist or antagonist of a GPR68 gene product, may reduce the SVR and/or
the left ventricle afterload of a subject by at least 10%, at least 20%, at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%,
at least 99%, or more.

Methods of Treating or Preventing Cardiovascular Diseases

[00268] The present disclosure further provides methods of treating, amiorating and
preventing a cardiovascular disease using a modulator of a GPR68 gene product, which
comprise the step of administering a modulator of a GPR68 gene product to a subject in need
thereof, in an amount that is effective to reduce FMD response or FMR of small-diameter
arteries, SVR, and/or the left ventricle afterload in the subject. According to the present
invention, a modulator of a GPR68 gene product includes, but is not limited to, a low molecular
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weight compound, an RNA inhibitor (e.g., a RNAi agent), an aptamer, a CRISPR, a TALEN, a
zinc finger nuclease, an mMRNA, or an antibody or derivative thereof.

[00269] The present disclosure further provides use of a modulator of a GPR68 gene
product, such as a low molecular weight compound, an RNA inhibitor (e.g., a RNAi agent), an
aptamer, a CRISPR, a TALEN, a zinc finger nuclease, an mRNA, or an antibody or derivative
thereof, for the treatment or prevention of a cadiovascular disease. Also provided is use of a
modulator of a GPR68 gene product, such as a low molecular weight compound, an RNA
inhibitor (e.g., a RNAi agent), an aptamer, a CRISPR, a TALEN, a zinc finger nuclease, an
mRNA, or an antibody or derivative thereof, for the manufacture of a medicament for treating or
preventing a cadiovascular disease.

[00270] The present disclosure further provides methods of treating, ameliorating and
preventing a cardiovascular disease using a pharmaceutical composition comprising a
modulator of a GPR68 gene product, which comprise the step of administering a
pharmaceutical composition comprising a modulator of a GPR68 gene product to a subject in
need thereof, in an amount that is effective to reduce FMD response or FMR of small-diameter
arteries, SVR, and/or the left ventricle afterload in the subject. According to the present
invention, a modulator of a GPR68 gene product includes, but is not limited to, a low molecular
weight compound, an RNA inhibitor (e.g., a RNAi agent), an aptamer, a CRISPR, a TALEN, a
zinc finger nuclease, an mMRNA, or an antibody or derivative thereof.

[00271] In some embodiments, the modulator of a GPR68 gene product, e.g., an agonist or
antagonist of a GPR68 gene product, may increase the flow-mediated dilation (FMD) response
and/or flow-mediated outward remodeling (FMR) of small-diameter arteries, also known as
resistance arteries, in a subject. For example, the modulator of a GPR68 gene product, e.g., an
agonist or antagonist of a GPR68 gene product, may increase the FMR response and/or FMR
of small-diameter arteries in a subject by at least 10%, at least 20%, at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 100%, at least
200%, at least 300%, at least 400%, at least 500%, at least 6 times, at least 7 times, at least 8
times, at least 9 times, at least 10 times, or more.

[00272] In some embodiments, the modulator of a GPR68 gene product, e.g., an agonist or
antagonist of a GPR68 gene product, may reduce the systemic vascular resistance (SVR)
and/or the left ventricle afterload of a subject. For example, the modulator of a GPR68 gene
product, e.g., an agonist or antagonist of a GPR68 gene product, may reduce the SVR and/or
the left ventricle afterload of a subject by at least 10%, at least 20%, at least 30%, at least 40%,
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at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%,
at least 99%, or more.

[00273] In some embodiments, the subject may be further treated with an angiotensin
converting enzyme (ACE) inhibitor, an angiotensin receptor blocker (ARB), a -adrenergic
receptor blocker, or a diuretics, such as sacubitril/valsartan (ENTRESTO®).

[00274] As used herein, the term “cardiovascular disease” or “CVD,” generally refers to
heart and blood vessel diseases, including atherosclerosis, coronary heartdisease,
cerebrovascular disease, and peripheral vascular disease. Cardiovascular disorders are acute
manifestations of CVD and include myocardial infarction, stroke, angina pectoris, transient
ischemic attacks, and congestive heart failure.

[00275] Cardiovascular disease, including atherosclerosis, usually results from the build-up
of cholesterol, inflammatory cells, extracellular matrix and plaque. The term “cardiovascular
disease” also includes indications caused by oxidative stress by reactive oxygen species, and
includes but is not limited to angina pectoris, coronary heart disease, hypertension, endothelial
dysfunction, atherosclerosis and the like.

[00276] The term “cardiac dysfunction” refers to a pathological decline in cardiac
performance. Cardiac dysfunction may be manifested through one or more parameters or
indicies including changes to stroke volume, ejection fraction, end diastolic fraction, stroke work,
arterial elastance (defined as the ratio of left ventricular (LV) end-systolic pressure and stroke
volume), or an increase in heart weight to body weight ratio. Unless otherwise noted, cardiac
dysfunctions encompass any cardiac disorders or aberrant conditions that are associated with
or induced by the various cardiomyopathies, cardiomyocyte hypertrophy, cardiac fibrosis, or
other cardiac injuries described herein. Specific examples of cardiac dysfunction include cardiac
remodeling, cardiac hypertrophy, and heart failure.

[00277] As used herein, the terms “congestive heart failure (CHF),” “chronic heart failure,”
“acute heart failure,” and “heart failure” are used interchangeably, and refer to any condition in
which the heart is unable to pump blood at an adequate rate or to do so only in the presence of
increased left ventricular filling pressures. When the heart is unable to adequately pump blood
to the rest of the body at normal filling left ventricular pressures, blood can back up into the
lungs, causing the lungs to become congested with fluid. Typical symptoms of heart failure
include shortness of breath (dyspnea), fatigue, weakness, difficulty breathing when lying flat,
and swelling of the legs, ankles or abdomen (edema). Causes of heart failure are related to
various disorders including coronary artery disease, systemic hypertension, cardiomyopathy or

myocarditis, congenital heart disease, abnormal heart valves or valvular heart disease, severe

105



WO 2019/150309 PCT/IB2019/050799

lung disease, diabetes, severe anemia hyperthyroidism, arrhythmia or dysrhythmia and
myocardial infarction. Heart failure can occur in the presence of a normal (>50%) or a reduced
(<50%) left ventricular ejection fraction. There is increased recognition that these two conditions
represent two different disease states, rather than a continuum (Borlaug B A, Redfield M M.
Circulation. 2011 May 10; 123(18):2006-13).

[00278] As used herein, the term “coronary heart disease” or “CHD” refers to
atherosclerosis in the arteries of the heart causing a heart attack or other clinical manifestation
such as unstable angina.

[00279] The terms “heart failure”, “acute heart failure” and “chronic heart failure” as used
herein carry their respective art-established meanings. By means of further guidance, the term
“heart failure” as used herein broadly refers to pathological conditions characterised by an
impaired diastolic or systolic blood flow rate and thus insufficient blood flow from the ventricle to
peripheral organs.

[00280] “Acute heart failure” or also termed “acute decompensated heart failure” may be
defined as the rapid onset of symptoms and signs secondary to abnormal cardiac function,
resulting in the need for urgent therapy. AHF can present itself acute de novo (new onset of
acute heart failure in a patient without previously known cardiac dysfunction) or as acute
decompensation of CHF.

[00281] The cardiac dysfunction may be related to systolic or diastolic dysfunction, to
abnormalities in cardiac rhythm, or to preload and afterload mismatch. It is often life threatening
and requires urgent treatment. According to established classification, AHF includes several
distinct clinical conditions of presenting patients: (I) acute decompensated congestive heart
failure, (II) AHF with hypertension/hypertensive crisis, (lll) AHF with pulmonary edema, (IVa)
cardiogenic shock/low output syndrome, (IVb) severe cardiogenic shock, (V) high output failure,
and (V1) right-sided acute heart failure. For detailed clinical description, classification and
diagnosis of AHF, and for summary of further AHF classification systems including the Killip
classification, the Forrester classification and the ‘clinical severity’ classification, refer inter alia
to Nieminen et al. 2005 (“Executive summary of the guidelines on the diagnosis and treatment
of acute heart failure: the Task Force on Acute Heart Failureof the European Society of
Cardiology”. Eur Heart J 26: 384-416) and references therein.

[00282] Left ventricular hypertrophy (LVH) generally encompasses the thickening of the
myocardium of the left ventricle of the heart. LVH may represent a pathological reaction to
cardiovascular diseases that increase the afterload (e.g., aortic stenosis or aortic insufficiency)
or high blood pressure. LVH may also represent primary hypertrophic cardiomyopathy. LVH
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diagnosis may be made inter alia using echocardiography, using criteria known per se such as
the Sokolow-Lyon index, the Cornell voltage criteria, the Romhilt-Estes point score system or
other voltage-based criteria.

[00283] Cardiac fibrosis generally encompasses abnormal thickening of the heart valves
due to inappropriate proliferation of cardiac fibroblasts and the concomitant excessive
production of matrix proteins.

[00284] A cardiovascular disease is generally understood to refer to a disease, condition,
or disorder involving the heart or blood vessels. Non-limiting examples of cardiovascular
diseases include but are not limited to atherosclerosis, atherosclerosis-associated diseases,
peripheral arterial occlusive disease, congestive heart failure (CHF), stroke, diabetic
nephropathy, renal hypertension, hypertension, cerebrovascular disease, dyslipidemia, and
vasospastic disorders, including Raynaud's disease. In some embodiments, the CHF may be
HF with reduced ejection fraction (aka HF due to left ventricular dysfunction) or HF with
preserved ejection fraction (HFpEF) (aka diastolic HF or HF with normal ejection fraction). In
some embodiments, the CHF may be associated with a coronary artery disease selected from
myocardial infarction (heart attack), high blood pressure, atrial fibrillation, and valvular heart
disease, excess alcohol use, infection, or cardiomyopathy of an unknown cause.

[00285] The subject treated using the methods and compositions of the present invention
can also be at an increased risk of developing a cardiovascular disease. This can include (but is
not limited to) individuals with hypertension (systemic or pulmonary), obesity, endocrine disease
(including diabetes, thyroid disease, adrenal disease, dysregulation of homocysteine
metabolism), iron storage disease, amyolidosis, renal disease, connective tissue disease,
infectious diseases, thromboembolic disease, immune diseases, hematologic diseases.
[00286] Provided herein are methods of increasing or enhancing the chances of survival of
a subject with a cardiovascular disease, comprising administering to a subject in need thereof
an effective amount of a modulator of a GPR68 gene product of the invention, thereby
increasing or enhancing the chances of survival of the subject treated by a certain period of
time, for example, by at least 10 days, 1 month, 3 months, 6 months, 1 year, 1.5 years, 2 years,
3 years, 4 years, 5 years, 8 years, or 10 years. The increase in survival of a subject can be
defined, for example, as the increase in survival of a preclinical animal model by a certain period
of time, for example, by at least 10 days, 1 month, 3 months, 6 months, or 1 year, or at least 2
times, 3 times, 4 times, 5 times, 8 times, or 10 times, more than a control animal model (that
has the same type of disease) without the treatment with the inventive method. Optionally, the

increase in survival of a mammal can also be defined, for example, as the increase in survival of
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a subject with heart disease by a certain period of time, for example, by at least 10 days, 1
month, 3 months, 6 months, 1 year, 1.5 years, 2 years, 3 years, 4 years, 5 years, 8 years, or 10
years more than a subject with the same type of heart disease but without the treatment with the
inventive method. The control subject may be on a placebo or treated with supportive standard
care such as chemical therapy, biologics and/or radiation that do not include the inventive
method as a part of the therapy.

Methods of Treating or Preventing Liver Fibrosis

[00287] GPR68 has also been shown to be induced in rat and human primary hepatic
stellate cells by pro-fibrotic stimuli (e.g., TGFB).

[00288] Therefore, the present disclosure further provides methods of treating, amiorating
and preventing liver fibrosis using an antagonist of a GPR68 gene product, which comprise the
step of administering an antagonist of a GPR68 gene product to a subject in need thereof, in an
amount that is effective to reduce the level and/or activity of the GPR68 gene product in the
subject. According to the present invention, an antagonist of a GPR68 gene product includes,
but is not limited to, a low molecular weight compound, an RNA inhibitor (e.g., a RNAi agent),
an aptamer, a CRISPR, a TALEN, a zinc finger nuclease, an mRNA, or an antibody or
derivative thereof.

[00289] The present disclosure further provides use of an antagonist of a GPR68 gene
product, such as a low molecular weight compound, an RNA inhibitor (e.g., a RNAi agent), an
aptamer, a CRISPR, a TALEN, a zinc finger nuclease, an mRNA, or an antibody or derivative
thereof, for the treatment or prevention of liver fibrosis. Also provided is use of an antagonist of
a GPR68 gene product, such as a low molecular weight compound, an RNA inhibitor (e.g., a
RNAi agent), an aptamer, a CRISPR, a TALEN, a zinc finger nuclease, an mRNA, or an
antibody or derivative thereof, for the manufacture of a medicament for treating or preventing
liver fibrosis.

[00290] In some embodiments, the antagonist of a GPR68 gene product may reduce the
level and/or activity of the GPR68 gene product of a subject. For example, the antagonist of a
GPRB88 gene product, may reduce the level and/or activity of the GPR68 gene product in a
subject by at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at
least 70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99%, or more.
[00291] As used herein,"liver fibrosis" includes liver fibrosis due to any cause, including but
not limited to virally-induced liver fibrosis such as that due to hepatitis B and C; exposure to
alcohol (alcoholic liver disease), pharmaceutical compounds, oxidative stress, cancer radiation
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therapy or industrial chemicals; and diseases such as primary biliary cirrhosis, fatty liver,
obesity, non-alcoholic steatohepatitis, cystic fibrosis, hemochromatosis, and auto-immune
hepatitis.

[00292] In one embodiment, the antagonists of a GPR68 gene product disclosed herein
and pharmaceutical compositions thereof may be used for treating a liver disease or a
gastrointestinal disease, including but not limited to liver diseases selected from intrahepatic
cholestasis, estrogen-induced cholestasis, drug-induced cholestasis, cholestasis of pregnancy,
parenteral nutrition-associated cholestasis, progressive familiar cholestasis (PFIC), Alagille
syndrome, primary biliary cirrhosis (PBC), primary sclerosing cholangitis, ductopenic liver
transplant rejection, liver transplant associated graft versus host disease, cystic fibrosis liver
disease, non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH),
alcoholic liver disease, and parenteral nutrition-associated liver disease; and gastrointestinal
diseases selected from bile acid malabsorption (including primary bile acid diarrhea and
secondary bile acid diarrhea), bile reflux gastritis, and inflammatory bowel disease such as
Crohn’s disease, ulcerative colitis, collagenous colitis, lymphocytic colitis, diversion colitis,
indeterminate colitis and Behget's disease.

[00293] In one embodiment, said antagonists of a GPR68 gene product disclosed herein
and pharmaceutical compositions thereof may be used for the preparation of a medicament for
the treatment of chronic intrahepatic and some forms of extrahepatic cholestatic conditions,
such as primary biliary cirrhosis (PBC), primary sclerosing cholangitis (PSC), progressive
familiar cholestasis (PFIC), alcohol- induced cirrhosis and associated cholestasis, or liver
fibrosis resulting from chronic cholestatic conditions or acute intraheptic cholestatic conditions
such as estrogen or drug induced cholestasis.

[00294] Furthermore, conditions and diseases which result from chronic fatty and fibrotic
degeneration of organs due to enforced lipid and specifically triglyceride accumulation and
subsequent activation of profibrotic pathways may also be treated by applying the modulators of
a GPR68 gene product disclosed herein or pharmaceutical compositions thereof. Such
conditions and diseases encompass Non-Alcoholic Steatohepatitis (NASH) and chronic
cholestatic conditions in the liver, Glomerulosclerosis and Diabetic Nephropathy in the kidney,
Macula Degeneration and Diabetic Retinopathy in the eye and Neurodegenerative diseases
such as Alzheimer's Disease in the brain or Diabetic Neuropathies in the peripheral nervous
system.

[00295] Provided herein are methods of increasing or enhancing the chances of survival of
a subject with liver fibrosis, comprising administering to a subject in need thereof an effective
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amount of an antagonist of a GPR68 gene product of the invention, thereby increasing or
enhancing the chances of survival of the subject treated by a certain period of time, for example,
by at least 10 days, 1 month, 3 months, 6 months, 1 year, 1.5 years, 2 years, 3 years, 4 years, 5
years, 8 years, or 10 years. The increase in survival of a subject can be defined, for example,
as the increase in survival of a preclinical animal model by a certain period of time, for example,
by at least 10 days, 1 month, 3 months, 6 months, or 1 year, or at least 2 times, 3 times, 4
times, 5 times, 8 times, or 10 times, more than a control animal model (that has the same type
of disease) without the treatment with the inventive method. Optionally, the increase in survival
of a mammal can also be defined, for example, as the increase in survival of a subject with
heart disease by a certain period of time, for example, by at least 10 days, 1 month, 3 months, 6
months, 1 year, 1.5 years, 2 years, 3 years, 4 years, 5 years, 8 years, or 10 years more than a
subject with the same type of heart disease but without the treatment with the inventive method.
The control subject may be on a placebo or treated with supportive standard care such as
chemical therapy, biologics and/or radiation that do not include the inventive method as a part of

the therapy.

Methods of Diagnosis

[00296] In some embodiments, the methods disclosed herein may further comprise
diagnosing the subject with a cardiovascular disease or liver fibrosis, or at risk of developing a
cardiovascular disease or liver fibrosis. For example, the subject may be diagnosed based on
the history of the symptoms, physical examination, echocardiography, blood test,
electrocardiography, chest radiography, or a combination thereof. In some embodiments, the
subject may be diagnosed based on risk factors, family history, genetic testing, or a combination
thereof.

[00297] Risk factors for cardiovascular diseases include, but are not limited to, a coronary
artery disease selected from myocardial infarction (heart attack), high blood pressure, atrial
fibrillation, and valvular heart disease, excess alcohol use, infection, or cardiomyopathy of an
unknown cause. Risk factors for liver fibrosis include, but are not limtied to, hepatitis B and C;
exposure to alcohol (alcoholic liver disease), pharmaceutical compounds, oxidative stress,
cancer radiation therapy or industrial chemicals; and diseases such as primary biliary cirrhosis,
fatty liver, obesity, non-alcoholic steatohepatitis, cystic fibrosis, hemochromatosis, and auto-

immune hepatitis.
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Pharmaceutical Compositions

[00298] Some embodiments disclosed herein provide pharmaceutical compositions
comprising a modulator of a GPR68 gene product, e.g., an agonist or antagonist of a GPR68
gene product, formulated together with a pharmaceutically acceptable carrier. Optionally,
pharmaceutical compositions additionally contain other therapeutic agents that are suitable for
treating or preventing a given disorder. Pharmaceutically acceptable carriers enhance or
stabilize the composition, or facilitate preparation of the composition. Pharmaceutically
acceptable carriers include solvents, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like that are physiologically
compatible.

[00299] A pharmaceutical composition of the present disclosure can be administered by a
variety of methods known in the art. Route and/or mode of administration vary depending upon
the desired results. It is preferred that administration be by parenteral administration (e.g.,
selected from any of intravenous, intramuscular, intraperitoneal, intrathecal, intraarterial, or
subcutaneous), or administered proximal to the site of the target. A pharmaceutically
acceptable carrier is suitable for administration by any one or more of intravenous,
intramuscular, intraperitoneal, intrathecal, intraarterial, subcutaneous, intranasal, inhalational,
spinal or epidermal administration (e.g., by injection). Depending on the route of administration,
active compound, e.g., a modulator of a GPR68 gene product, e.g., an agonist or antagonist of
a GPR68 gene product, may be coated in a material to protect the compound from the action of
acids and other natural conditions that may inactivate the compound. In some embodiments the
pharmaceutical composition is formulated for intravenous administration. In some embodiments
the pharmaceutical composition is formulation for subcutaneous administration.

[00300] A modulator of a GPR68 gene product, e.g., an agonist or antagonist of a GPR68
gene product, alone or in combination with other suitable components, can be made into
aerosol formulations (i.e., they can be “nebulized”) to be administered via inhalation. Aerosol
formulations can be placed into pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like.

[00301] In some embodiments, a pharmaceutical composition is sterile and fluid. Proper
fluidity can be maintained, for example, by use of coating such as lecithin, by maintenance of
required particle size in the case of dispersion and by use of surfactants. In many cases, it is
preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol or
sorbitol, and sodium chloride in the composition. Long-term absorption of the injectable
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compositions can be brought about by including in the composition an agent which delays
absorption, for example, aluminum monostearate or gelatin. In certain embodiments
compositions can be prepared for storage in a lyophilized form using appropriate excipients
(e.g., sucrose).

[00302] Pharmaceutical compositions can be prepared in accordance with methods well
known and routinely practiced in the art. Pharmaceutically acceptable carriers are determined
in part by the particular composition being administered, as well as by the particular method
used to administer the composition. Accordingly, there is a wide variety of suitable formulations
of pharmaceutical compositions. Applicable methods for formulating a GPR68 modulator and
determining appropriate dosing and scheduling can be found, for example, in Remington: The
Science and Practice of Pharmacy, 21st Ed., University of the Sciences in Philadelphia, Eds.,
Lippincott Williams & Wilkins (2005); and in Martindale: The Complete Drug Reference,
Sweetman, 2005, London: Pharmaceutical Press., and in Martindale, Martindale: The Extra
Pharmacopoeia, 31st Edition., 1996, Amer Pharmaceutical Assn, and Sustained and Controlled
Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New York, 1978.
Pharmaceutical compositions are preferably manufactured under GMP conditions. Typically, a
therapeutically effective dose or efficacious dose of a GPR68 modulator is employed in the
pharmaceutical compositions. A GPR68 modulator is formulated into pharmaceutically
acceptable dosage form by conventional methods known to those of skill in the art. Dosage
regimens are adjusted to provide the desired response (e.g., a therapeutic response). In
determining a therapeutically or prophylactically effective dose, a low dose can be administered
and then incrementally increased until a desired response is achieved with minimal or no
undesired side effects. For example, a single bolus may be administered, several divided doses
may be administered over time or the dose may be proportionally reduced or increased as
indicated by the exigencies of the therapeutic situation. It is especially advantageous to
formulate parenteral compositions in dosage unit form for ease of administration and uniformity
of dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit contains a predetermined quantity of active
compound calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier.

[00303] Actual dosage levels of active ingredients in the pharmaceutical compositions can
be varied so as to obtain an amount of the active ingredient which is effective to achieve the
desired therapeutic response for a particular patient, composition, and mode of administration,
without being toxic to the patient. The selected dosage level depends upon a variety of
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pharmacokinetic factors including the activity of the particular compositions employed, or the
ester, salt or amide thereof, the route of administration, the time of administration, the rate of
excretion of the particular compound being employed, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compositions employed,
the age, sex, weight, condition, general health and prior medical history of the patient being
treated, and like factors.

Articles of Manufacture/Kits

[00304] In some aspects a modulator of a GPR68 gene product, e.g., an agonist or
antagonist of a GPR68 gene product, is provided in an article of manufacture (i.e., a kit). A
provided modulator of a GPR68 gene product, e.g., an agonist or antagonist of a GPR68 gene
product, is generally in a vial or a container. Thus, an article of manufacture comprises a
container and a label or package insert, on or associated with the container. Suitable
containers include, for example, a bottle, vial, syringe, solution bag, etc. As appropriate, the
modulator of a GPR68 gene product, e.g., an agonist or antagonist of a GPR68 gene product,
can be in liquid or dried (e.g., lyophilized) form. The container holds a composition which, by
itself or combined with another composition, is effective for preparing a composition for treating,
preventing and/or ameliorating a cardiovascular disease or liver fibrosis. The label or package
insert indicates the composition is used for treating, preventing and/or ameliorating a
cardiovascular disease or liver fibrosis. Articles of manufacture (kits) comprising a modulator of
a GPR68 gene product, e.g., an agonist or antagonist of a GPR68 gene product, as described
herein, optionally contain one or more additional agent. In some embodiments, an article of
manufacture (kit) contains a modulator of a GPR68 gene product, e.g., an agonist or antagonist
of a GPR68 gene product, and a pharmaceutically acceptable diluent. In some embodiments a
modulator of a GPR68 gene product, e.g., an agonist or antagonist of a GPR68 gene product, is
provided in an article of manufacture (kit) with one or more additional active agent in the same
formulation (e.g., as mixtures). In some embodiments a modulator of a GPR68 gene product,
e.g., an agonist or antagonist of a GPR68 gene product, is provided in an article of manufacture
(kit) with a second or third agent in separate formulations (e.g., in separate containers). In
certain embodiments an article of manufacture (kit) contains aliquots of the modulator of a
GPRB88 gene product, e.g., an agonist or antagonist of a GPR68 gene product, wherein the
aliquot provides for one or more doses. In some embodiments aliquots for multiple
administrations are provided, wherein doses are uniform or varied. In particular embodiments

varied dosing regimens are escalating or decreasing, as appropriate. In some embodiments
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dosages of a modulator of a GPR68 gene product, e.g., an agonist or antagonist of a GPR68
gene product, and a second agent are independently uniform or independently varying. In
certain embodiments, an article of manufacture (kit) comprises an additional agent such as an
anti-heart failure agent. Selection of one or more additional agent will depend on the dosage,
delivery, and disease condition to be treated.

Administration of GPR68 Modulators
[00305] A physician or veterinarian can start doses of a modulator of a GPR68 gene

product employed in the pharmaceutical composition at levels lower than that required to
achieve the desired therapeutic effect and gradually increase the dosage until the desired effect
is achieved. In general, effective doses of the compositions vary depending upon many
different factors, including the specific disease or condition to be treated, means of
administration, target site, physiological state of the patient, whether a patient is human or an
animal, other medications administered, and whether treatment is prophylactic or therapeutic.
Treatment dosages typically require titration to optimize safety and efficacy. For administration
with a modulator of a GPR68 gene product, dosage ranges from about 0.0001 to 100 mg/kg,
and more usually 0.01 to 5 mg/kg, of the host body weight. For example dosages can be 1
mg/kg body weight or 10 mg/kg body weight or within the range of 1-10 mg/kg. Dosing can be
daily, weekly, bi-weekly, monthly, or more or less often, as needed or desired. An exemplary
treatment regime entails administration once weekly, once per every two weeks or once a
month or once every 3 to 6 months.

[00306] The modulator of a GPR68 gene product can be administered in single or divided
doses. A modulator of a GPR68 gene product is usually administered on multiple occasions.
Intervals between single dosages can be weekly, bi-weekly, monthly or yearly, as needed or
desired. Intervals can also be irregular as indicated by measuring blood levels of modulator of a
GPR68 gene product in the patient. In some methods, dosage is adjusted to achieve a plasma
concentration of 1-1000 pg/ml and in some methods 25-300 pg/ml of the modulator of a GPR68
gene product. Alternatively, a modulator of a GPR68 gene product can be administered as a
sustained release formulation, in which case less frequent administration is required. Dosage
and frequency vary depending on the half-life of the modulator of a GPR68 gene product in the
patient. Dosage and frequency of administration can vary depending on whether treatment is
prophylactic or therapeutic. In general for prophylactic applications, a relatively low dosage is
administered at relatively infrequent intervals over a long period of time. Some patients

continue to receive treatment for the duration of their lives. In general for therapeutic
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applications, a relatively high dosage in relatively short intervals is sometimes required until
progression of the disease is reduced or terminated, and preferably until the patient shows
partial or complete amelioration of symptoms of disease. Thereafter, a patient may be
administered a prophylactic regime.

Co-Administration with a Second Agent

[00307] The term "combination therapy" refers to the administration of two or more
therapeutic agents to treat a therapeutic condition or disorder described in the present
disclosure. Such administration encompasses co-administration of these therapeutic agents in
a substantially simultaneous manner, such as in a single capsule having a fixed ratio of active
ingredients. Alternatively, such administration encompasses co-administration in multiple, or in
separate containers (e.g., capsules, powders, and liquids) for each active ingredient. Powders
and/or liquids may be reconstituted or diluted to a desired dose prior to administration. In
addition, such administration also encompasses use of each type of therapeutic agent in a
sequential manner, either at approximately the same time or at different times. In either case,
the treatment regimen will provide beneficial effects of the drug combination in treating the
conditions or disorders described herein.

[00308] The combination therapy can provide "synergy” and prove "synergistic”, i.e., the
effect achieved when the active ingredients used together is greater than the sum of the effects
that results from using the compounds separately. A synergistic effect can be attained when the
active ingredients are: (1) co-formulated and administered or delivered simultaneously in a
combined, unit dosage formulation; (2) delivered by alternation or in parallel as separate
formulations; or (3) by some other regimen. When delivered in alternation therapy, a synergistic
effect can be attained when the compounds are administered or delivered sequentially, e.g., by
different injections in separate syringes. In general, during alternation therapy, an effective
dosage of each active ingredient is administered sequentially, i.e., serially, whereas in
combination therapy, effective dosages of two or more active ingredients are administered
together.

[00309] In one aspect, the present disclosure provides a method of treating, ameliorating or
preventing a cardiovascular disease by administering to a subject in need thereof a modulator of
a GPR68 gene product in combination with one or more of the following catagories: a) ACE
inhibitor/NEP inhibitor combination: Sacubitril/Valsartan (Entresto); b) ACE inhibitors: captopril
(Capoten), enalapril (Vasotec), lisinopril (Zestril, Prinivil), benazepril (Lotensin), ramipril (Altace);
¢) beta blockers: carvedilol (Coreg), metoprolol (Toprol XL); and d) digoxin (Lanoxin).
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[00310] In one aspect, the present disclosure provides a method of treating, ameliorating or
preventing liver fibrosis by administering to a subject in need thereof a modulator of a GPR68
gene product in combination with Tropifexor.

Identification of a Modulator of a GPR68 Gene Product

[00311] Some embodiments of the present disclosure provide methods of identifying a

modulator of a GPR68 gene product comprising: a. Providing a population of cells expressing a
GPRB68 gene product; b. Adding a library of candidate molecules to the population of cells; .
Applying a shear stress or an acidic shock to the population of cells; d. Measuring the calcium
transient in the populationof cells; and e. ldentifying a candidate molecule in a cell that shows
enhanced or reduced calcium transients in the cell. In some embodiments, the population of
cells comprises endothelial cells, such as mouse or human microvascular endothelial cells from
brain, lung, bladder, skin. In some embodiments, the library of candidate molecules comprises
a small molecule compound, an antibody, a nucleic acid molecule, or a protein. In some
embodiments, the shear stress comprises disturbed flow or laminar flow. In some

embodiments, the acidic shock comprises extracellular proton at pH 6.5.

EXAMPLES

[00312] The invention is further described in the following examples, which do not limit the
scope of the invention described in the claims.

Example 1. GPR68 is a sensor of shear stress in endothelial cells of small-diameter

arteries and requlates flow-mediated dilation and remodeling

[00313] We previously conducted a functional genomic small interfering RNA (siRNA)
screen to identify Piezo1 using membrane indentation and electrophysiological recording (Coste
et al., 2010). It was a low-throughput screen that required a year to identify Piezo1 after
screening 71 other candidate genes. Here we aimed to accelerate genomic screens relevant to
mechanotransduction by designing a novel high-throughput (HT) mechanical stimulation
system.

[00314] Mechanotransduction, the conversion of mechanical force into biochemical signals,
is the basis for many biological processes, including the sense of touch, pain, hearing, as well
as blood flow regulation. The molecules responsible for many forms of mechanotransduction
remain unknown. We designed a 384-well screening system that applies shear stress on
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cultured cells. We identified a mechanosensitive cell line that exhibits shear stress-activated
calcium transients, screened a focused RNAi. library, and identified GPR68 as a necessary
component for shear stress response. Overexpressing GPR68 in HEK-293T cells induced
robust shear stress-activated responses. GPR68 is expressed in endothelial cells of small-
diameter blood vessels. Knocking down Gpr6é8 in primary mouse microvascular endothelial cells
abolished shear stress-activated calcium transients. Gpré8-deficient mice display markedly
impaired flow-mediated acute dilation and flow-mediated chronic outward remodeling in third
order mesenteric arteries. Our findings demonstrate that GPR68 is an endothelial shear stress
sensor that controls flow-mediated dilation and outward remodeling.

Experimental Procedures

[00315] Additional information regarding the construction of the shear stress stimulation
systems, estimation of the shear stress intensities, qRT-PCR are available in the Extended
Experimental Procedures.

DNA constructs, compounds and mouse lines

[00316] Expression constructs of human GPR68, GPR132, AGTR1, AVPR1A, BDKRB2,
CHRM5, EDNRA, HRH1, PTHR1 and mouse Gpr68 were sourced from GNF collection and
Missouri S&T ¢cDNA Resource Center. Constructs of mouse Piezo1, rat TrpV4 were described
previously (Coste et al., 2010; Liedtke et al., 2000). Agonists for the human GPCRs listed above
and the PLC inhibitor U73122 were purchased from Tocris Bioscience. Ogerin was synthesized
by WuXi AppTek. Gpr68 KO mice breeders (C57BL/6J background) were provided by Dr. Yan
Xu (Indiana University School of Medicine). Gpr68-eGFP reporter mice were purchased from

GenSat Project from The Rockefeller University. All procedures involving animal handling were
approved by Institutional Animal Care and Use Committees (IACUC) of Genomics Institute of
the Novartis Research Foundation, The Scripps Research Institute. In addition, FMD and FMR
experiments were performed in agreement with the guidelines from Directive 2010/63/EU of the
European Parliament on the protection of animals used for scientific purposes. The protocol was
approved by the Institutional Animal Care and Use Committee (IACUC): Committee on the
Ethics of Animal Experiments of “Pays de la Loire” (CEEA, permit # CEEA PdL 2012.141).

Cell line culture, plasmid DNA and siBNA transfection

[00317] Cell lines were maintained with vendor recommended reagents and standard
protocols. For DNA plasmid transfection with HEK-293T cells in poly-D-Lysine coated 384-well
assay plates (Greiner Bio-One), we use 65ng plasmid, 0.195 ul Fugene 6 (Roche) and 1x104
cells in 40 pl standard growth medium for each well. When transfecting HEK-293T cells on poly-
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D-Lysine glass cover slips (BD Biosciences), we use 500 ng of plasmids, 1.5 ul Fugene 6 and
1x105 cells in 600 pl growth medium. For laminar flow chamber experiments, cells were first
transfected in 24-well plate in the same condition. 24h later they were trypsinized and plated in
p-slides 1 0.4 flow chambers (Ibidi). Cells were assayed 48h post-transfection.

[00318] For siRNA transfection in 384-well plates, we mixed 1 pmol siRNA with 20 pl Opti-
MEM and 0.15 pl Lipofectamine RNAiMax (Life Technologies)in each well, incubated for 20
min at room temperature, then added 20 pl cells (6x10° cells per well for MDA-MB-231, 1x10*
cells per well for HeLa). When transfecting siRNA on glass coverslips, 20 pmol siRNA, 1 pl
RNAiMax and 100 pl Opti-MEM were mixed and incubated for 20 min, then mixed with 500 pl
cells (1x10° cells per well for HelLa, 2x10° cells per well for early passage HUVECs). SiRNAs

were from Dhamacon. Cells were assayed 72h post-transfection.

Calcium imaging

[00319] Fura-2 single cell calcium imaging was performed as previous described (Ranade
et al., 2014). Briefly, cells were seeded onto poly-D-Lysine cover slips (BD Biosciences). We
loaded the cells with the ratiometric Ca2+ indicator Fura-2 (Life Technologies) in imaging buffer
(1x Hanks Balanced Salt Solution (HBSS) and 10 mM HEPES, pH adjusted to 7.4 by NaOH).
After 30 minutes of loading at room temperature, cover slips were washed with imaging buffer
and then mounted onto the disturbed shear stress imaging chamber and assayed at room
temperature. The intracellular Ca2+ concentration was expressed as the 340/380 ratio.

FLIPR experiments

[00320] FLIPR experiments were performed as previous described (Ranade et al., 2014).
Before loading, the cells were washed with assay buffer (1x HBSS with calcium and 10 mM
HEPES, pH adjusted to 7.4) using ELx405 CW plate washer (BioTek). Cells were loaded with
Fluo-3 for 60 min (4 uM Fluo-3, 0.04% F-127 in assay buffer) at 37 ¢C. Cells were washed again
with assay buffer and the plates were centrifuged at 15 g for 5 s before assayed on FLIPR Tetra
(Molecular Devices). The data was analyzed on Screenworks 3.1 (Molecular Devices).

Disturbed shear stress stimulation

[00321] When applying shear stress with high-throughput disturbed flow system, we first
thoroughly dry the pin array with compressed air then mounted the 384-well plated on the
system. Two stimulation protocols were used. The short protocol applies stimulation for 4 s at
60 Hz, and the long protocol applies 0.2 s pulses at 60 Hz every 2 s for 40 s. After each assay,
the pin array was washed thoroughly with distilled water and air dried before mounting onto the
next plate. Whenever compounds were used, to avoid carry-over, the array was first thoroughly
washed with 70% EtOH, then with distilled water and dried before assaying the next plate.
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High-throughput siRNA screen

[00322] To assemble a set of arrayed siRNAs targeting genes encoding multi-pass
transmembrane (MPTM) proteins, we subjected 34,226 non-identical protein sequences
extracted from the August 21, 2011 version of Human Refseq to sequence-based membrane
topology and signal peptide prediction using the Phobius algorithm and website, identifying
2,907 human genes encoding one or more MPTM proteins (Kall et al., 2004, 2007). An
unconstrained prediction model was employed, signal peptides annotated where predicted, and
all two-pass or more predictions collapsed from protein to gene space to ensure that no siRNAs
targeting non-MPTM protein isoforms were excluded. The siRNA library was picked from a
genome-wide siRNA library and arrayed in 384-well poly-D-Lysine coated assay plate with one
single oligo in each well (63 plates in total). MDA-MB-231 cells were transfected with the siRNA
using a robotic liquid handler and incubated in a robot-assisted incubator (GNF Systems). Cells
were assayed after 72h with HT disturbed shear stress system. Wells with calcium signal 3x
standard deviations below the plate mean were considered as hit wells. Genes with more than 3
hit wells were considered hits. We then crosschecked the bioinformatics results and the
literature to filter out the hits that have known functions unrelated to acute (second-scale)
calcium signaling. We picked the siRNA against hit genes from primary screen from the original
genome-wide library and carried out a reconfirmation screen. For final screen, we purchased
smartpool siRNA (Dharmacon OTP siRNAs, GE Healthcare) against the hits from the

reconfirmation screen.

Real-time pH measurement

[00323] 2',7’-Bis(3-carboxypropyl)-5(6)-carboxyfluorescein (BCEFC) was selected as pH
indicator based on its dynamic range (pH6~pH8), which fits GPR68 activation range best
among all pH-sensitive dyes. BCECF increase fluorescence when pH increases. Free BCECF
was used to monitor extracellular pH and its cell-permeable acetoxymethyl (AM) ester version
was used for monitoring intracellular pH. Cells in assay plates were first washed with HBSS-
pH7.4 on an ELx405 CW plate washer (BioTek). BCECF was then incubated with cells for 1 h at
37 °C. When measuring intracellular pH, cells were then washed with HBSS-pH7.4 again. When
measuring extracelluar pH, no wash step was added. Fluorescence was read on FLIPR for 10s
and acid or base were added to the buffer to shift pH to various final values from pH6.1 to
pH8.3, while fluorescence was continuously monitoring for additional 150 s. For shear stress
stimulation, fluorescence was recorded for 10s and disturbed flow was applied for 60 s. Data

was analyzed by ScreenWorks 3.0 (Molecular Devices).

119



WO 2019/150309 PCT/IB2019/050799

Laminar shear stress stimulation
[00324] HEK-293T cells were plated in the Collagen IV-coated p-slide | 0.4 laminar flow
chambers (Ibidi) 24 h prior to experiments. After loading Fura-2, the chambers were mounted

onto the microscope and connected to the lbidi perfusion pump. Cells were given pulsatile (1

Hz) or continuous laminar flow for 120 s.

Immunostaining

[00325] For GFP immunostaining experiments, tissues from various organs were collected
from 7-week-old wild type and Gpr68 eGFP reporter mice after perfusion with 4% PFA. Tissues
were briefly fixed in 4% PFA and were dehydrated through an ethanol series/xylene and
embedded in paraffin. 5um sections were cut and incubated with blocking solution containing 1x
PBS, 10% blocking serum, 3% BSA and 0.4% TritonX 100 for 1hr at room temperature. Slides
were stained overnight with a goat anti-GFP antibody (Lifespan Biosciences). Slides were
treated with Omni-Map anti -goat secondary antibody conjugated with HRP (Ventana) followed
by development using the Chromo Map DAB kit (Ventana). Slides were mounted with Cytoseal
and scanned using the Nanozoomer 2.0 HT (Hamamatsu).

[00326] We tested murine Gpr68 antibodies from Lifespan Biosciences (LS-A3968 and LS-
A1194) and antibodies custom generated at Pierce Biotechnologies (peptide sequences:
RTSRAREAYPLGAPEASGK (SEQ ID NO: 19) and EEPELLTKLHSAFQTPSSLG (SEQ ID NO:
20)). We determined that none of the above can specifically detect Gpr68 protein in HEK-293T

cells overexpressing murine Gpré8 in our immunohistochemistry experiments.

In situ hybridization

[00327] Tissues from C57BL/6J mice were isolated after perfusion and fixed in 10%
formalin overnight. The tissues were dehydrated through an ethanol series/xylene and
embedded in paraffin. 10um sections were cut and in situ hybridization was carried out using
the RNAscope assay (Advanced Cell Diagnostics). Development of signal was done using the
RNAscope 2.0 HD brown detection kit. Probes for mGpr68 (cat. #: 319321) and DapB negative
control (cat #: 310043) were purchased from Advanced Cell Diagnostics. Slides were mounted
with Cytoseal and scanned using the Nanozoomer 2.0 HT (Hamamatsu).

Fluorescence-activated Cell Sorting

[00328] Spleens from Gpr68 eGFP reporter mice were isolated and dissociated in FACS
buffer (PBS containing 2% FBS and 2 mM EDTA) and red blood cells were lysed using RBC
Lysis Buffer (eBioscience). Samples were washed once in FACS buffer, filtered through 100 um
diameter nylon mesh, and incubated with FcBlock (BD Biosciences) for 5 minutes at room
temperature. They were then stained with BV421 CD4 (Biolegend), BV650 CD3 (Biolegend),

120



WO 2019/150309 PCT/IB2019/050799

APC-Cy7 CD19 (Biolegend), PerCP-Cy5.5 CD8 (BD Biosciences), and APC NK1.1
(eBioscience) for 20 min at 4 °C in the dark. The cells were washed once then resuspended in
FACS buffer. Data was acquired using a LSRII flow cytometer (BD Biosciences) and was
analyzed using Flowjo (Treestar). Populations were defined as follows: CD4T cells: CD3+ CD4+
CD8-, CD8T cells: CD3+ CD8+ CD4-, B cells: CD3- NK1.1- CD19+, NK cells: CD3- NK1.1+
CD19-. For cell sorting, spleens were processed and stained as above, but were sorted using a
FACSAria I Cell sorter (BD Bioscences) into Trizol LS (Life Technologies) and processed as
previously described.

RNA sequencing of mouse bladder MVECs

[00329] The Gpr68 eGFP reporter mice were sacrificed with CO, and the bladders were
dissected out and cut into small pieces with micro scissors in PBS. The tissues were digested
with 12.5 mg/mL collagenase IV (Gibco) and 10 U/mL papain (Worthington) at 37 °C for 1 h.
The suspension was triturated with fire-polished glass pipettes and then spun down to collect

the cell pellet. After washing the pellet twice with PBS, the cells were suspended in FACS
buffer. The cells were stained with CD31-APC and CD45-APC-Cy7 (BD Biosciences) for 20 min
at 4 °C in the dark, and stained with Pl before sorting. We sorted the cells that are CD31+
CD45- GFP+ and CD31+ CD45- GFP- into two 1.5 mL tubes each containing 1ml Trizol (Life
Technologies). Total RNA was extracted and column purified using RNeasy kit (Qiagen). For
each condition, 10ng of total RNA was used to produce the cDNA libraries using Ovation RNA-
Seq v2 System (Nugen). The cDNA was then fragmented to ~200bp size range by Covaris
S220. cDNA was prepared for RNA Sequencing by Ovation Ultralow DR Multiplex System
(Nugen) and the quality validated Bioanalyzer using High Sensitivity DNA Chip (Agilent
Technologies). cDNA libraries were run on a HiSeq 1000 (lllumina) with 50 bp single-end
reads. Reads were de-multiplexed with the lllumina pipeline. Raw reads were aligned to a
reference FASTA file which contains a curated list of mouse transcripts, plus mitochondrial
sequence, and mitochondrial transcripts, and lllumina adaptor sequences. Alignment was done
with BWA (Burrows-Wheeler Aligner) (Li and Durbin, 2009) and RPKM values were created
from the SAM output file (Li et al., 2009a). All samples contained at least 20 million mapped
reads. Messenger RNAs less than 200 bp were eliminated from analysis.

Culturing of mouse primary cerebral MVECs

[00330] Whole cerebrum from Gpr68-eGFP reporter mice were isolated in cold PBS and
homogenized in buffer containing 1x HBSS, 15mM HEPES and 1% dextran sulphate on ice.
Equal volumes of 26% dextran sulphate was mixed well with the homogenized samples and
centrifuged at 5800g at 4 °C for 10 min. The pellet was resuspended in 0.625mg/mL Liberase
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enzyme mix (Roche) and digested at 37 °C for 1hr (triturate once every 30 min using fire-
polished glass pipette). Digestion was then stopped with cold isolation buffer and spun down.
The pellet was resuspended in 25% BSA and spun for 15 minutes at 1500rpm at room
temperature. The final pellet was resuspended in Endo-PM media (Navone et al., 2013) and
plated onto laminin / fibronectin coated culture plates. Cells were cultured for at 37 °C, 5% CO:
until confluent with media changes every 2 days.

Lentiviral shRNA knockdown and laminar flow stimulation of MVECs

[00331] Dharmacon TRC shRNA constructs for murine Gpré8 were purchased from GE
Healthcare. Gpr68 shRNA constructs were co-transfected with first generation packaging
vectors using Lipofectamine 2000 (Life Technologies) according to the manufacturer’s
instructions into HEK293T cells. Medium was changed after 24hrs and the supernatant was
collected 48hrs after transfection. We centrifuged the supernatant at 500 g for 10 min and
added over cultured primary endothelial cells (400 pL of supernatant per well on 24-well plate).
24hrs after infection medium was replaced with Endo-PM containing 2 pg/mL puromycin. 48h
post infection, the MVECs were gently dissociated using Trysin (Lonza) and plated in p-slide |
0.2 laminar flow chamber (Ibidi) and kept in Endo-PM with 2 pg/mL puromycin. 72 h later, cells
were loaded with Fura-2 and calcium imaging experiments were conducted with pulsatile

laminar flow (1Hz) stimulation.

Mesenteric arteries cannulation

[00332] 1st, 2 and 3" arterial segments were isolated from the mesenteric circulation and
cannulated at both ends on glass micro-cannulae and mounted in a video-monitored perfusion
system (Living System, LSI, Burlington, VT). Arterial segments were bathed in a 5 ml organ bath
containing a physiological salt solution (PSS) of the following composition (in mM): 135.0, NaCl,
15.0, NaHCOs3, 4.6 KCI, 1.5, CaCl,, 1.2, MgSQOs4, 11.0, glucose, 10.0, N-2-
hydroxyethylpiperazine-N-2-ethylsulfonic acid. The PSS was maintained at pH7.4, PO, 160
mmHg, PCO, 37 mmHg. Perfusion of arterial segments was obtained with 2 peristaltic pumps,
one controlling flow rate and one under the control of a pressure-servo control system. Pressure
at both ends of the arterial segment was monitored using pressure transducers. Arterial
contractility was assessed with KCI (80 mM) and phenylephrine 1 umol/L. Endothelium integrity
was assessed with acetylcholine (1 uM) after precontraction with phenylephrine (50% of
maximum contraction). Pressure was then set at 75mmHg and flow was increased by step (3 to
50 ul per min) through the distal pipette with a peristaltic pump. Arteries were then bathed in a

Ca’'-free PSS containing ethylene-bis-(oxyethylenenitrolo) tetra-acetic acid (2 mmol/L) and
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sodium nitroprusside (10 umol/L). Pressure was then increased by step from 10 to 125 mmHg,
in the absence of flow, in order to determine passive arterial diameter (Henrion et al., 1997).
Flow-mediated outward remodeling of resistance arteries

[00333] 4-5-month old GPR68 KO and WT mice were submitted to surgery in order to
increase blood flow in mesenteric artery as previously described (Caillon et al., 2016). Briefly, 3

consecutive first-order mesenteric arteries were used. Ligatures were applied to second-order
branches as shown on Figure 10C. The artery located between the two ligated arteries was
designed as high flow (HF) artery. Arteries located at distance of the ligated arteries were used
as control (normal flow, NF). In this protocol, animals were anesthetized with isoflurane (2.5%).
They were treated with buprenorphine (Temgesic; 0.1 mg/kg, s.c.) before and after surgery.
[00334] Mice were sacrificed after 14 days before collection of HF and NF first order
arteries and of the corresponding HF and NF third order mesenteric arteries. Their passive
diameter was then measured using pressure arteriography as describe above.

Blood pressure radiotelemetry

[00335] Pressure radio transmitters (HD-X11, Data Science International) were implanted
into left carotid artery according to manufacturer’s recommended procedure. Blood pressure
and heart rate were recorded continuously and exported as 5-minute segments. Baseline blood
pressure and heart rate data was averaged from last day of baseline measurements of all
cohorts (usually 3rd or 4th day after the start of recording to obtain consistently stable

measurements).

Ultrasound echocardiography

[00336] Mice were continuously anesthetized by 0.8-1% isoflurane (mixed with 1 L/min
100% 0O2) inhalation and immobilized on a heating platform to maintain the body temperature at
37°C + 0.5°C. Heart rate (HR) and respiratory physiology were continuously monitored by ECG
electrodes. They were analyzed by B-mode and M-mode echocardiography using a Vevo3100
instrument with a 40 MHz transducer (VisualSonics). All M-mode measurements were
performed in end-diastole and end-systole. End-diastolic and end-systolic measurements were
obtained at the time of maximal internal chamber dimensions and at the minimal internal
chamber dimensions, respectively. The LV structural parameters measured from short axis view
in M-mode were used in the calculation of LV ejection fraction (EF) and LV fractional shortening
(FS).

Data Analysis

[00337] Unless otherwise noted, statistical significance was evaluated using unpaired two-
tailed Students’s t test when comparing the difference between two samples, and one-way
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ANOVA was employed when comparing the samples among groups with more than two
samples.

Construction of the high-throughput shear stress stimulation system

[00338] The high-throughput disturbed flow system utilizes a 384-pin array printed by Projet
3500 (3D Systems) using UV-cured Visijet Crystal resin (3D Systems). The circular face of the
pin is 2.8mm in diameter. A square diaphragm neodymium subwoofer driver (W3-1750S, Tang
Band) is used as the driver. The length of the cylindrical pin is parallel to the direction of the
driver displacement when activated. A miniature 3-axis accelerometer (ADXL326, Analog
Devices) affixed to array monitors the motion of the array. The assembly sits on a machined
aluminum assay plate guide. Shims and set screws are employed to accurately align the array
with the assay plate. A custom interface is written using LabView (National Instruments) which
allows the user to set frequency, amplitude and duty cycle of the stimulation. The signal is sent
to an amplifier (D-150A 1, Crown) to drive the pin and create fluid motion. The accelerometer
signal is acquired by a data acquisition card (USB-6341, National Instruments) and
instantaneously displayed in LabView for the user to monitor the motion of the pin array.

Estimation of the shear stress intensity

[00339] The particle image velocimetery method used for estimating the shear stress
intensity on the bottom of the assay well was described previously (Ranade et al., 2014). Briefly,
we dispensed a suspension of 6 pm-diameter Texas Red fluorescent beads (Life Technologies)
into the imaging chamber and let them settle to the bottom. We applied sine wave stimulations
at 60Hz and imaged the motion of the beads at 500 frames per second using ORCA-Flash 4.0
CMOS camera (Hamamatsu). Images were analyzed using NIS-Elements (Nikon) and velocity
values of ~60 beads were averaged for each input power setting. We calculated shear stress
intensity at 3 um above the surface of the cover slip as an approximation of that experienced by
the cells cultured on the surface of the cover slip.

Quantitative Reverse Transcriptase PCR

[00340] For tissue qPCR, DRG were freshly isolated from adult C57BL/6J wild type mice
and snap frozen on dry ice and total RNA was isolated using Trizol/choloform method. Total

RNA from all other tissues was purchased from Zyagen. For gPCR using cultured cells,
samples were lysed with Trizol and total RNA was isolated using chloroform/isopropanol
precipitation. 100-200ng of total RNA was used to generate cDNA using the Quantitect Reverse
transcript kit (Qiagen). Real time Tagman PCR assays for mouse and human Gpr68 were
purchased from Life Technologies (assay id: Mm 00558545 s1 and Hs 00268858 s1) and IDT
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(Mm.PT.58.42531755 and Hs.PT.58.27651490.g) with a FAM reporter dye and a non-
fluorescent quencher.

[00341] We used FastStart Universal probe master mix (Rox) (Roche). The reaction was
run in the 7900HT fast real time system (ABI) using 0.5ul of the ¢cDNA in a 10ul reaction
according to the manufacturer’s instructions in triplicate. Calibrations and normalizations were
done using the 22T method (Livak and Schmittgen, 2001), where AACT = ((CT (target gene) -
CT (reference gene)) - (CT (calibrator) - CT (reference gene). Gapdh and b-actin were used as
the reference genes.

Results

Design and construction of a 384-well mechanical stimulation assay

[00342] Among different types of mechanical forces, fluid shear stress is perhaps the most
amenable to a HT assay format. We aimed to develop a high-throughput compatible mechanical
stimulation system capable of generating physiological levels of fluid shear stress. Our design
concept featured a flat-headed piston driven by an acoustic transducer controlled by a signal
generator (Figure 1A). During operation, the piston was immersed in buffer in a transparent-
bottom welled plate, moving up and down at commanded frequency and amplitude to create
disturbed fluid motion with an oscillatory fashion. The moving fluid imposes shear stress on the
cells cultured at the bottom of the chamber. The response of the cells can be imaged by a
detector below the plate (Figure 1A). After extensive validation, we scaled up the system to 384-
well format. Briefly, a 384-pin stimulation array was constructed using 3D-printing technique and
then affixed to an acoustic transducer. (Figure 1B). We optimized the shape of the pins to avoid
trapping air bubbles when mounting the plate (Figure 1B, right). A customized user interface
was created in LabView to control the frequency, amplitude, duty cycle, and duration of the
stimulus. The system was compact enough to fit inside the Molecular Devices Fluorescent
Image Plate Reader (FLIPR Tetra) (Figure 1C, D). We measured the intensity of the shear
stress generated by the HT system using particle image velocimetry and found that it is between
0.1~2 Pa (Ranade et al., 2014). When desired, we also can increase the intensity of the shear
stress up to ~16.7 Pa by increasing the viscosity of the buffer using viscosity modifier such as
polyvinylpyrrolidone (PVP), a bio-compatible, water-soluble polymer.

[00343] Next, we asked if Human Umbilical Vein Endothelial Cells (HUVECSs) could be
acutely activated by the shear stress imposed by the HT system using intracellular calcium
levels as readout. HUVECs express endogenous PIEZO1 and show PIEZO1-dependent
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alignment to the direction of flow when subjected to shear stress stimulation (Li et al., 2014;
Ranade et al., 2014). Indeed, we observed robust transient increase in intracellular calcium
levels in HUVECs when stimulated with shear stress at 6.5 Pa (with increased viscosity by PVP)
and above (Figure 1E). In the presence of 2.5 mM EGTA, the shear stress-induced calcium
transients were completely abolished, suggesting that the signal was caused by extracellular
calcium entering the cells (Figure 1E). The calcium signals were greatly attenuated in cells
treated with PIEZO1 siRNA, indicating that the signal was indeed PIEZO1-dependent (Figure
1F, Q). These results demonstrate that our high-throughput mechanical stimulation system is
capable of applying physiologically relevant shear stress in a precise, quantitative, and
reproducible fashion, paving the way for its application in siRNA screens to identify novel
mechanically activated receptors.

MDA-MB-231 breast cancer cells express an unknown shear stress sensor

[00344] We had three criteria for a cell line suitable for the high-throughput siRNA screen of
novel mechanosensitive receptors: a) the cell line must respond to the shear stress generated
by our HT stimulation system by displaying calcium transients, b) the cell line must be
transfectable by siRNA with satisfactory knockdown efficiency, and ¢) the response to shear
stress should not depend on PIEZO1 or PIEZO2 (this third criteria was added after several new
mechanosensitive cell lines identified turned out to respond to shear stress via PIEZO1). We
compiled a list of candidate cell lines based on the National Cancer Institute 60 human tumor
cell line collection (NCI-60). We selected cell lines that have low levels of RNA transcripts of
PIEZO1 and PIEZO2 based on the data obtained from BioGPS.org. The candidate cell lines
were subjected to shear stress at 2 Pa, and their intracellular calcium levels were recorded. Out
of the 25 cell lines tested, the lung cancer cell line A549 and the breast cancer cell line MDA-
MB-231 showed shear stress-evoked calcium transients (Figure 2A). The MDA-MB-231
responded to disturbed shear stress of 2 Pa with robust calcium transients, while those of A549
were relatively modest (Figure 2A). The shear stress-induced calcium signal in MDA-MB-231
cells was almost completely abolished when the calcium stores of the cells were depleted by 2
UM thapsigargin. Removing extracellular Ca2+ by incubating the cells with 2 mM EGTA prior to
the onset of shear stress greatly reduced but did not abolish the response (Figure 2B, C). This
suggests that the calcium transients are store-dependent; however, the signal also partly
depends on the entry of calcium from the intracellular space. We therefore carried out siRNA
experiments to see if the calcium transients are dependent on the low levels of PIEZO1 and
PIEZO2. Transfecting MDA-MB-231 cells with siRNA against PIEZO1 or PIEZO2 achieved 86%
and 78% knockdown at the transcript level, respectively, suggesting that the cells are
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transfectable with high efficiency (Figure 3). Knocking down PIEZO1 and PIEZO2 did not affect
the shear stress-induced calcium transients in MDA-MB-231 cells, suggesting an unknown
molecule other than the PIEZOs is responsible for sensing shear stress (Figure 2D).

GPR68 is required for shear stress responses in MDA-MB-231 cells

[00345] We focused on membrane-integrated proteins as the most probable candidates for
novel mechanosensors. We therefore constructed a limited library of siRNAs against genes
encoding proteins with two or more predicted transmembrane domains (2+TM), a characteristic
trait shared by ion channels and GPCRs. The library contains 21,925 unique siRNAs, targeting
3,175 unique reference sequences encoded by 2,765 unique genes, arranged in a singlet
configuration, i.e., each well of the 384-well plate contains one siRNA oligo. On average, each
gene is represented by 8 siRNAs across the library, most of them located on different plates.
We transfected the MDA-MB-231 cells with the siRNA library and carried out the screen using
the HT shear stress system. The primary screen yielded 56 hits, of which 26 were reconfirmed
in a secondary screen (for hitpick criteria, see EXPERIMENTAL PROCEDURES). We then used
independent reagents to silence the 26 candidate genes by testing siRNA pools (4 pooled
siRNA oligos targeting a single gene) in a re-confirmation screen. For controls, in addition to
PIEZO1 siRNA, we also included siRNA against a SERCA Ca2+-ATPase (ATP2A2) to control
for the effect of intracelluar calcium store. Of the 26 genes, GPR68 was the only one to show
significantly reduced calcium transients caused by disturbed shear stress in MDA-MB-231 cells
upon knockdown (Figure 4A). siRNAs targeting different regions of GPR68 (a combination of
four siRNA (Dharmacon catalog # L-056512-00-00) targeting ORFs of NM_175493 (SEQ ID
NO: 8), propietery sequences) were all effective in inhibiting the shear stress-induced calcium
transients, suggesting that attenuation is not likely to be due to off-target effects (Figure 4B).
[00346] GPR68 was described to be a proton-activated GPCR. It is fully activated at pH
6.8 and is mostly inactive at pH 7.8(Ludwig et al., 2003). We measured intracellular calcium
levels in MDA-MB-231 cells when stimulated with different concentrations of extracellular
protons. We found that MDA-MB-231 cells showed little intracellular calcium increase to pH 7.4
and above, while the calcium response was maximal to pH 6.5 and below (Figure 4C). Knocking
down GPR®68 by siRNA significantly reduced proton-induced intracellular calcium increase
(Figure 4D), another line of evidence that siRNAs that we used are on-target. We next tested if
the shear stress response we observed in MDA-MB-231 cells can occur at physiological pH
levels. Indeed, we observed a bell-shaped curve such that shear stress is most effective in
evoking calcium transients at pH levels of 7.4-6.9 (normal arterial blood pH is ~7.4, and 6.9
represents severe acidosis) (Figure 4E) (Schwaderer and Schwartz, 2004). This suggests that
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GPRB88 requires the presence of protons to sense shear stress. Ludwig et al. demonstrated the
importance of extracellular histidine residues for activation of the receptor (Ludwig et al., 2003).
Based on a structural model of GPR68, they suggest that protonation leads to loss of bonding
and probably repulsion between residues, allowing the receptor to adopt an active conformation
at physiological pH. At slightly alkaline pH, GPR68 is stabilized in an inactive state by hydrogen
bonding involving histidines, and inhibit receptor activity. We tested a mutant of GPR68 where
histidine 17, 20, 84, 169 and 269 were changed to phenylalanine, and found that it loses both
pH sensitivity and shear stress sensitivity (Figure 5A), further supporting the notion that
appropriate levels of proton must be present for the receptor to be activated. Hence, all follow-
up experiments were carried out at pH 7.4. Taken together, these data suggest that GPR68 is
necessary for the shear stress-induced calcium transients in MDA-MB-231 cells within the
physiological pH range.

GPR68 is activated by shear stress imposed by disturbed as well as laminar flow

[00347] To test if GPR68 activation is sufficient to confer mechanosensitivity, we transiently
expressed GPR68 in HEK-293T cells and applied shear stress generated by the HT system.
HEK cells transfected with human GPR68 showed an increase in intracellular calcium levels in
response to 2-Pa shear stress, while cells transfected with vector were not responsive (Figure
6A). The amplitude of the calcium signals was dependent on the intensity of shear stress
applied (Figure 6B). The maximum amplitude of the shear stress response that we observe is
~70% of the response when stimulated with extracellular proton at pH 6.5 (Figure 6C). This
implies that shear stress responses are overall comparable to the pH responses. The slightly
lesser response compared to pH may be due to the fact that not all GPR68 proteins on the cell
membrane experience shear stress as they would experience changes in pH. Notably, the
calcium transients were completely abolished by 10 uM U73122, a PLC inhibitor, suggesting
that signal is indeed dependent on the activity of GPR68, a Gy11-coupled receptor (Figure 6D).
Proton-induced GPR68 activity is acutely blocked by Cu?* (Ludwig et al., 2003), and 20 uM Cu?*
also blocked the shear stress-induced calcium signal (Figure 6D). This acute blockage of shear
stress-dependent calcium transients argues against the possibility that overexpression of
GPR68 causes alterations in HEK cells (e.g., changes in membrane or cytoskeleton property)
that indirectly induce mechanosensitivity. One possible mechanism of flow activation of GPR68
is that shear stress causes a decrease in pH, which in turn activates GPR68 indirectly. We
measured both extracellular and intracellular pH real time by fluorescence imaging and found no
change in either with the application of shear stress (Figure 5B-D), arguing against this
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possibility. Together, our data provide evidence for a necessary and sufficient role of GPR68 in
the shear stress-induced release of calcium from stores.

[00348] Many GPCRs have been proposed to be mechanosensitive, although direct
activation by mechanical forces (on the order of seconds) has not been demonstrated using
intracellular calcium as a readout (Storch et al., 2012). To test if sensitivity to shear stress of
GPR68 is unique among GPCRs, we selected human GPCR clones that are considered
mechanosensitive, including angiotensin Il receptor type 1 (AGTR1), arginine vasopressin
receptor 1A (AVPR1A), bradykinin receptor B2 (BDKRB2), muscarinic cholinergic receptor 5
(CHRM5), endothelin receptor type A (EDNRA), histamine receptor H1 (HRH1) and parathyroid
hormone 1 receptor (PTHR1). These are Gg11—coupled receptors that cause an increase in the
intracellular calcium levels through the mobilization of calcium from intracellular stores upon
activation. We transiently transfected HEK-293T cells with these GPCRs and subjected them to
disturbed shear stress at 2 Pa generated by the HT system. HEK cells expressing human
GPR68 and mouse Gpr68 showed robust calcium transients when stimulated (Figure 6E). In
contrast, we did not detect significant increase in intracellular calcium levels upon application of
disturbed shear stress at 2 Pa in cells transfected with the other GPCRs. We demonstrated
functional expression of these receptors by evaluating their response to known agonists (Figure
6F). Finally, we tested GPR132, the closest family member of GPR68, and also a Gy11-coupled
receptor, and found that it is not responsive to the same level of shear stress, while it did
respond normally to its agonist lactate (Figure 6E, F){(Chen et al., 2017). These results highlight
the unique sensitivity of GPR68 to disturbed shear stress.

[00349] Fluid flow that cells experience in vivo can be laminar or disturbed, with unique
functions described to each form. In laminar flow, the fluid flows in parallel layers in an orderly
fashion (Chiu and Chien, 2011). Laminar flow can be pulsatile (with regular pulsatility) or steady
(without pulsatility), both having a definite direction. In contrast, disturbed flow has irregular
fluctuations with time and no clear direction. We first tested if GPR68 is able to display calcium
transients upon shear stress imposed by pulsatile laminar flow. HEK-293T cells were transiently
transfected with mouse Gpr68 and plated in a parallel plate flow chamber. Upon application of 1
Hz pulsatile laminar flow at 3.4 Pa, Gpr68-transfected cells showed a robust increase of
intracellular calcium levels. In most cells, the intracellular calcium level returned to normal within
minutes after the termination of the flow. Non-transfected cells in the same chamber did not
show significant change in calcium levels (Figure 6G, H). There were large, periodic fluctuations
in calcium signals in both Gpr68-transfected cells and untransfected cells synchronous with the
flow pulsatility. These are artifacts caused by the cyclic shift in optical focus as a result of the
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expansion and contraction of the flow chamber in response to the pulsatile flow. We also
assayed the cells’ response to steady laminar flow. Robust calcium transients were also
observed upon application of steady laminar flow in the transfected cells, but not in the non-
transfected cells (Figure 61, J).

[00350] There are several proteins that are implicated as sensors of laminar flow, including
transient receptor potential channel TRPV4, PIEZO1, and Gy11-coupled receptors AGTR1 and
BDKRB2 (Chachisvilis et al., 2006; Li et al., 2014; Mendoza et al., 2010; Ramkhelawon et al.,
2013). Neither Piezo1- nor TrpV4-transfected HEK cells showed any significant increase in
calcium levels with the same flow stimulation (Figure 6K) (See DISCUSSION). Finally, human
AGTR1 and BDKRB2 were not responsive to steady laminar shear stress at 3.4 Pa (Figure 6K).
Taken together, these results indicate that GPR68 is a unique GPCR that is sensitive to shear
stress imposed by disturbed flow, pulsatile and steady laminar flow when heterologously-
expressed, suggesting that it may be an essential component of shear stress sensing

mechanism.

GPR68 is expressed in endothelial cells of small-diameter arteries

[00351] GPR®68 is evolutionally conserved among vertebrates. No orthologues are found in
bacteria, fungi, plants or invertebrates. In mouse, Gpr68 mRNA is detected in a variety of
tissues as assayed by quantitative RT-PCR (Figure 7A). The expression level is highest in the
spleen, consistent with previous reports that Gpr68 transcripts are enriched in immune cells
(Yan et al., 2014). We tested a number of commercially available antibodies against Gpré8 and
found that none of them can specifically detect the heterologously expressed Gpré8 (listed in
Experimental Procedures). Therefore we employed in situ hybridization to detect Gpr68 RNA
transcripts in tissue sections. Interestingly, we found that Gpr68 mRNA is detected in small
diameter blood vessels across a number of tissues, including pancreas, liver and brain (Figure
7B). Based on morphology, the Gpr68+ cells appear to be endothelial cells. In order to better
determine the identity of the Gpr68-expressing cells, we obtained a reporter line of Gpré8
generated by the GenSat Project. This BAC transgenic line contains an eGFP reporter construct
for Gpr68 that is integrated in the genome (Gong et al., 2003). In this construct, the coding
sequence of the eGFP was inserted immediately after the start codon of Gpré8. It is followed by
a polyA sequence and selection markers, thereby preventing the transcription of Gpr68. The
construct includes 50~100 kb of promoter and putative regulatory sequences flanking the 5" and
3’ of the GFP-polyA-Amp-R6Ky-Gpr68 (Figure 7C). We first tested if the eGFP reporter faithfully
represents endogenous Gpré8 expression. We isolated immune cells from the spleen of the
reporter mice and wild-type C57 B/L6 mice, and subjected them to fluorescence-activated cell
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sorting (FACS). GFP signal was detected in most CD8+ T cells, NK cells and a subset of CD4+
cells. No GFP signal was detected in B cells (Figure 8A). qRT-PCR of the RNA isolated from
sorted cells of wild-type mice showed that Gpr68 transcript levels are high in CD8+ T cells and
NK cells, intermediate in CD4+ cells, and absent in B cells (Figure 8B). These results indicate
that the GFP signal accurately represents endogenous Gpr68 transcription. Next, we tested if
GFP signal is detected in endothelial cells. We isolated primary vascular endothelial cells from
the mouse bladder and sorted cells that are positive for CD31 (marker for endothelial cells) and
negative for CD45 (marker for leukocytes). We observed both GFP+ and GFP- populations of
endothelial cells (Figure 5D, green and grey population, respectively). We then conducted
RNASeq experiments using RNA isolated from GFP+ and GFP- endothelial cells. The results
showed that Gpr68 transcripts are enriched nearly 8 fold in GFP+ cells compared to that of the
GFP- cells. In comparison, Piezo1 is expressed at similar levels across the two populations.
These results validate that GFP levels accurately represent endogenous Gpr68 expression in
endothelial cells. Thus, the Gpr68 eGFP reporter line not only provides a sensitive way to
identify Gpr68-expressing cells in fixed tissues, but is also a marker for Gpr68 expression in
living cells.

[00352] We next evaluated Gpr68 expression pattern by staining a panel of tissue sections
from eGFP reporter mice using a GFP antibody. The GFP antibody stains endothelial cells in
pancreas, liver and bladder (Figure 8C, D, E). Consistent with the endothelial FACS result, we
detected GFP only in a subset of endothelial cells. This is especially evident in sections from
liver and bladder (Figure 8D, E). Interestingly, based on the morphology, the GFP+ cells appear
to be endothelial cells of arterioles, the small diameter arteries surrounded by a layer of
relatively thick smooth muscles. The venules, which have a less prominent smooth muscle
layer, are mostly negative for GFP staining (Figure 8D, E). This is further confirmed by staining
sections of mesenteric vessels. Mouse superior mesenteric vessels that supply blood to the
small intestine were dissected out. The vessels were divided into groups containing 1st, 2nd,
3rd order vessels and vessels that attach to the wall of the small intestine (Figure 7F). The small
diameter arteries are major sites of regulation of resistance to blood flow through shear stress-
dependent vessel dilation and pressure-dependent constriction (Davies, 1995). The GFP signal
was not detected in 1st and 2nd order arteries. The endothelial cells of 3rd order arterioles and
the arterioles in the wall of small intestine showed the strongest GFP antibody staining (Figure
7F). These results indicate that Gpr68 is preferentially expressed in small-diameter resistance
arteries, suggesting that Gpr68 may play a role in flow-mediated vasodilation.
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GPR68 is required for laminar shear stress responses of mouse primary microvascular

endothelial cells

[00353] We have shown that GPR68 is a shear stress sensor in cell lines. Next, we asked if
GPRB88 is required for shear stress in a physiologically relevant setting. The striking expression
pattern of Gpré8 predicts that the GFP-positive endothelial cells should respond to shear stress
with increased calcium transients, and that their mechanosensitivity should be at least partly
dependent on Gpr68. To test this, we set up a culture system of mouse primary microvascular
endothelial cells (MVECs) from the cerebrum of homozygous Gpr68-eGFP reporter mice and
assayed their response to shear stress in the flow chamber. 1 Hz pulsatile laminar flow was
applied with shear stress of increasing intensity of 2 Pa, 4 Pa and 6 Pa to cultured cells
(physiologically relevant levels of shear stress experienced by small arteries). Notably, the
GFP+ endothelial cells responded to the flow by increasing intracellular calcium levels, while the
GFP- cells showed significantly lower responses (Figure 9A). To test if the flow-induced calcium
increase is dependent on Gpré8, we carried out knockdown experiments by infecting the
endothelial cells with viruses containing Gpr68 small hairpin RNAs (shRNA) (a combination of
three viruses, target sequences: TGAAGCACGTACTGCAGCC (SEQ ID NO: 16),
TACACTCCCAGCTCATTCC (SEQ ID NO: 17) and ACTCAAGCTAGGCCAACCC (SEQ ID NO:
18)) and non-targeting shRNA (since siRNA transfection of these primary cells was not
successful). Upon stimulation with pulsatile flow at 4 Pa, the GFP+ cells infected with non-
targeting shRNA virus showed an increase in intracellular calcium levels. Remarkably, however,
cells infected with Gpr68 shRNA virus showed no appreciable responses to flow stimulation
(Figure 9B). As expected, GFP- cells did not show significant responses to shear stress whether
treated with non-targeting shRNA or Gpré8 shRNA (Figure 9B). Importantly, GFP+ endothelial
cells infected with either virus showed similar response to 50 uM ATP, demonstrating that
Gpr68 shRNA infected cells are healthy and able to respond to chemical stimuli (Figure 9C).
These results show that the endogenous Gpré8 in primary MVECs are necessary for flow-
induced calcium transients. qRT-PCR demonstrated that the RNA level of Gpr68 was knocked
down by 73% in the Gpr68 shRNA- treated endothelial cells, compared to the non-targeting
shRNA-treated cells (Figure 9D). Collectively, our results support the notion that Gpré8 is an
essential component of shear stress-sensing mechanism in small diameter blood vessel

endothelial cells.
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GPR68 is required for flow-mediated dilation responses of mouse small-diameter mesenteric

arteries ex vivo

[00354] The endothelial cells in resistance arteries sense increase in blood flow and signal
to smooth muscles via Nitric Oxide (NO), Endothelium-derived hyperpolarizing Factor (EDHF)
and other mechanisms to cause their relaxation (Niebauer and Cooke, 1996). This process
results in an increase in the diameter of the vessel and is called flow-mediated dilation (FMD).
To investigate whether GPRB8 is responsible for FMD in this setting, we isolated mesenteric
arteries (MAs) from the Gpré8 -/- mice and performed ex vivo cannulation experiments. We
found that, compared to WT littermates, Gpr68 -/- mice had significantly lower FMD response in
3rd order MAs (Figure 10A). Interestingly, in 1st and 2nd order MAs, there are no differences in
FMD responses between Gpr68 KO and WT (Figure 11A, B). This matches the expression
pattern of Gpré8 in the mesenteric vessel bed, where there was no or little expression in 1st and
2nd order, but prominent expression in 3rd order or smaller arteries (Figure 7F). Furthermore,
application of the nitric oxide synthase (NOS) inhibitor L-NAME almost completely abolished
FMD response in third order MAs of both Gpré8 KO and WT animals, indicating that Gpr68
likely functions upstream of the NO pathway (Figure 11C). Notably, in 3rd order MAs, dilation
responses to acetylcholine and constriction responses to KCl were similar between Gpr68 KO
mice and WT littermates (Figure 11D), indicating that the lack of FMD response in KO vessels is
not due to structural defects. These data demonstrate that loss of Gpr68 activity specifically
affects the mechanical aspect of the dilation response in 3rd order arteries.

[00355] Since loss of Gpr6é8 receptor activity in Gpré8 -/- vessels leads to impaired FMD
response, we predicted that activating Gpr68 by chemical means (i.e., without flow) would lead
to vessel dilation. We opted against using acid as a stimulus since existence of other acid
receptors in vessels renders it difficult to interpret the results; furthermore, lowering pH in
arterioles causes severe vasospasm, making this experiment impractical. Instead, we
synthesized an allosteric modulator of Gpr68 named Ogerin, which was shown to specifically
modulate human and mouse GPR68 activity (Huang et al., 2015). We found that Ogerin
activates Gpr6é8 expressed in HEK-293T cells, with an EC50 around 0.17 uM (Figure 12).
Consistent with our prediction, adding Ogerin to 3rd order WT MAs induced a dose-dependent
dilation (Figure 10B). Importantly, similar vessels from Gpr68 -/- mice displayed no dilation
response to Ogerin across a concentration range from 1 nM to 1 uM (Figure 10B). Taken
together, Gpr68 is both necessary and sufficient for flow sensing in small-diameter MAs. Our
findings demonstrate that GPR68 is an important endothelial shear stress sensor that underlies

flow-mediated dilation.
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[00356] Gpr68 -/- mice were reported to be grossly normal (Yan et al., 2014). Our
echocardiography study showed that they have similar cardiac parameters compared to WT
littermates (Figure 13A). We also measured hemodynamic parameters in Gpré8 -/- mice by
radiotelemetry and found slightly lower systolic pressure, while diastolic pressure, mean arterial
pressure and heart rate were indistinguishable from WT mice (Figure 13B). This is consistent
with the notion that FMD in resistance arteries are more involved in the control of local blood
flow to tissues, and changes in resistance arteries tone in a specific tissue may not be
extrapolated to changes in systemic blood pressure (see DISCUSSION). The marginally lower
systolic blood pressure phenotype could be due to compensatory mechanisms, which might
cause a lowering of the baseline vascular tone or an increase in the effectiveness of alternative
dilation mechanisms. Indeed, we found that the myogenic tone was lower in 3rd order arteries
from Gpr68-/- mice compared to their WT littermates (Figure 13C). In addition, the dilation
response to nitric oxide donor sodium nitroprusside (SNP) is higher in KO vessels, suggesting
that KO mice could be more sensitive to NO-induced vasodilation (Figure 13D).

GPR68 is required for flow-mediated outward remodeling of mouse small-diameter mesenteric

arteries in vivo

[00357] We demonstrated above using an ex vivo preparation that FMD is disrupted in
Gpr68-deficient mice. To show if this observation is relevant in an in vivo pathological setting,
we explored the role of GPRE8 in arterial remodeling in response to chronically increased shear
stress. Indeed, a chronic increase in flow induces a diameter enlargement as seen in collateral
arteries growth in ischemic tissues. This flow-mediated outward remodeling (FMR), driven by
the rise in shear stress, has a major role in post-ischemic revascularization (Henrion et al.,
1997). To test if GPR68 is required for FMR, we performed ligation of second order mesenteric
vessels to create a branch of arteries with high flow (HF, Figure 10C). We found that FMR was
absent in third order mesenteric arteries isolated from GPR68 KO mice, compared to WT mice
where the increase in flow induced a significant diameter enlargement (Figure 10D-F).
Importantly, FMR was significant in first order arteries isolated of GPR68-/- mice (Figure 14B)
and it was not significantly different from that observed in WT mice (Figure 14A, C), suggesting
GPRB68’s shear stress-sensing role is specific to small-diameter arteries (resistance arteries,
where GPR68 is expressed). Taken together, our studies with constitutive GPR68 knockout
mice demonstrate that under normal circumstances, this receptor plays a major role in flow-
mediated dilation, without having a profound cardiovascular performance. However, when
placed in a stressed state caused by occlusion events, etc., GPR68 plays a critical role in vessel
remodeling to increase flow capacity to meet the perfusion demand of affected tissues.
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Discussion

Criteria for a mechanosensor and the case for GPR68

[00358] Many membrane proteins, including ion channels and GPCRs, have been
postulated to be mechanosensitive. To categorize a protein as a mechanosensor, several
criteria should ideally be met: expression in the correct cells, essential for the immediate
signaling response of cells to the relevant force, and activation by the relevant mechanical force
when expressed in heterologous cells or reconstituted in lipid bilayers (Ernstrom and Chalfie,
2002). In some cases, the third requirement cannot be met for technical reasons, and other
forms of evidence, such as altering ion selectivity of the endogenous mechanically activated
currents by inducing a point mutation in the pore of a candidate ion channel, are invoked
instead. A few ion channels satisfy these criteria, including bacterial MscS and MscL, C.
elegans MEC-4 and MEC-10, Drosophila NOMPC, mammalian TREK1/TRAAK, and PIEZO ion
channels (Coste et al., 2010; Dedman et al., 2009; Driscoll and Chalfie, 1991; Huang and
Chalfie, 1994; Levina et al., 1999; Sukharev et al., 1994; Yan et al., 2013).

[00359] GPCRs are sensory molecules responsible for vision, smell, and taste, among
other functions. In addition, many GPCRs have been proposed to be involved in
mechanotransduction (Storch et al., 2012). Here we provide evidence that GPR68, a Class A
Rhodopsin-like GPCR, satisfies all three criteria for a mechanosensor. We show that Gpré8 is
expressed in a subset of vascular endothelial cells, specifically in the cells that have a
significant response to shear stress. Knocking down Gpré8 abolishes shear stress-induced
calcium transients in primary MVECs, indicating that it is required for shear stress-sensitivity of
endothelial cells. Importantly, overexpressing human or murine Gpré8 in HEK-293T cells
induces sensitivity to shear stress in response to various types of flow stimulations. The shear
stress-induced calcium signaling in heterologous cells is acute (onset within seconds), and
these kinetics of activation is on a similar time scale as the activation in endothelial cells.
[00360] We compared mechanosensitivity of GPR68 to other GPCRs implicated in
mechanosensation and found that only GPR68 overexpression gives rise to detectable levels of
calcium transients in response to the HT disturbed shear stress assay as well as the laminar
shear stress assay used here. The results are technically valid as all the other GPCRs are
Gq/11-coupled, and calcium signals were observed when these receptors were activated by
known agonists. It is possible that the other GPCRs tested are mechanosensitive; however,
GPRB88 is more sensitive (lower threshold), and that higher levels of shear stress or other forms
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of mechanical forces are required to activate those GPCRs. Nevertheless, we could not find
evidence in the literature that direct mechanical stimulation, rather than osmotic stress, can
activate any of these other GPCRs to induce immediate downstream events (e.g., PIP2
deletion, change in intracellular calcium levels, etc.). However, AGTR1 and other GPCRs are
proposed to be sensitive to membrane stretch when assayed indirectly by electrophysiological
recording from HEK cells co-expressing TRPC6 (Mederos y Schnitzler et al., 2008). Evidence
that TRPV4 is necessary and sufficient for sensing shear stress is lacking.

[00361] There are reports of bradykinin B2 GPCR activation by shear stress (Chachisvilis
et al., 2006). By using time-resolved fluorescence microscopy and GPCR conformation-
sensitive FRET, conformational dynamics of the receptor was detected by monitoring
redistribution of GPCRs between inactive and active forms upon application of fluid shear
stress. This suggests that GPCRs, although lacking obvious flow sensing domains, can indeed
undergo conformational change under fluid shear stress. GPR68 may work in a similar way but
have higher signaling efficiency. It is also possible that an unknown upstream mechanosensor
can activate GPR68; however, this factor would be expressed quite ubiquitously. For Piezo1 ion
channels, we also raised this alternative hypothesis as a possibility till we demonstrated that
Piezo1 ion channels alone in bilayers can be activated by mechanical force by testing its
sensitivity to membrane perturbations without any other cellular component (Syeda et al., 2016).
Role of GPR68 in endothelial cells

[00362] It is interesting that both Piezo1 and GPR68 are expressed in endothelial cells.
Piezo1 can be activated by fluid shear stress when overexpressed in HEK cells as assayed by
whole-cell patch clamp recording. However, we did not detect Piezo1 activation by calcium
imaging upon laminar flow (Figure 6K), although Piezo1-dependent calcium transients were
recorded in response to disturbed shear stress. This difference could be due to the fast
inactivation of Piezo1 when heterologously expressed. Piezo1 opens within 1 ms after a
mechanical force is applied, and mostly closes within tens of milliseconds. During this brief
channel opening period, the amount of calcium ions that enter through Piezo1 is challenging to
detect via Fura-2 calcium imaging technique. We can imagine that Piezo1 is less susceptible to
inactivation in response to disturbed shear stress. Regardless, any Piezo1-dependent Ca2+
signal is likely to rely on downstream amplification steps. Unlike Piezo1, however, activation of
Gpr68 causes a robust calcium release from intracellular stores in response to both laminar and
disturbed flows. Importantly, we show that Gpr68-dependent mechanoresponses are present in
MDA-MB-231, even when Piezo1 is knocked down, indicating that the two signaling molecules
can function independently (Figure 2D). In this sense, Gpr68 signaling is distinct from Piezo1,
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and the two sensors could play different or complementary roles in vivo. Indeed, Piezo1 is
required for embryonic arterial remodeling and its constitutive deletion causes embryonic
lethality. Gpré8-deficient mice survive to adulthood and are grossly normal (Li et al., 2009b),
suggesting that Gpr68 is not crucial for vasculature development, and as shown here, plays a
role in flow-mediated dilation (FMD) in the adult. Given that Piezo1 has also been recently
shown to play a role in FMD (Wang et al., 2016), as well as flow-stimulated vasoconstriction
through endothelium-smooth muscle coupling (Rode et al., 2017), it is possible that both Piezo1
and Gpr68 contribute to sensing shear stress within endothelial cells. For example, Piezo1 may
act in larger mesenteric arteries (2nd order) to induce vasoconstriction during exercising
whereas Gpr68 in smaller arteries may allow the maintenance of a baseline blood flow thus
preventing ischemia. Analysis of double knockout mice could shed light on whether Piezo1 and
Gpr68 play additive/overlapping roles in endothelial cells.

[00363] GPR®68 can also be activated by protons. It is fully activated at pH 6.8 and is
inactive at pH 7.8 (Ludwig et al., 2003). Low pH and shear stress are both relevant stimuli that
endothelial cells experience in vivo. Moreover, both acidosis (blood pH~7.0) and shear stress
cause acute vasodilation (Lindauer et al., 2003; Niebauer and Cooke, 1996), raising the
possibility that GPR68 could be a poly-modal receptor for the two distinct but functionally related
stimuli. We found that the activation of GPR68 by shear stress is modulated by extracellular
proton concentration. The shear stress response is robust at physiological pH, and diminishes
when pH is below 6.9 or above 7.4 (Figure 4E). At pH<6.9, it is likely that most GPR68 are
already active or desensitized, therefore shear stress stimulation causes little additional calcium
signal. The attenuated response at pH>7.4 suggest that GPR68 requires protons to be activated
by shear stress. This is reminiscent of coincidence detection of TRPMS8 in response to icillin only
in the presence of calcium (Chuang et al., 2004). Coincidence activation of GPR68 by proton
and shear stress could endow GPR68 with the capacity to generate complex responses to
these two physiologically relevant stimuli. For example, shear stress would induce intracellular
calcium increase (and consequently vasodilation) only when blood pH is at physiological level.
This is important in acute alkalosis conditions (pH>7.45), where the removal of local CO; by
blood flow exceeds the production by metabolic tissues (Schwaderer and Schwartz, 2004).
Vasodilation due to shear stress could be counter-productive by increasing flow and removing
even more CO- from local tissues, therefore exacerbating the condition. Low proton
concentration may serve as a checkpoint to prevent vasodilation in this case. This intriguing
biophysical design greatly increases the response profile of GPR68, enabling it to react properly

to multiple scenarios in vivo.
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[00364] What are the downstream consequences of GPR68 activation in endothelial cells?
As a Gg/11-coupled receptor, GPR68 activation is expected to lead to the cleavage of PIP2 into
IP3 and DAG by PLC, and induces calcium release from the store. In endothelial cells, this
could trigger several acute signaling pathways. Increase in cytosolic calcium levels could lead to
the activation of Ca2+-gated channels (Orai1, Kca2.3, Kca 3.1) or synthesis of NO by NOS or
release of EDHF (Grgic et al., 2009). Depletion of membrane-bound PIP2 may also activate
KCNK channels and lead to the hyperpolarization of the cells (Pathan and Rusch, 2011). The
release of NO, EDHF and activation of KCNK channels in turn can lead to hyperpolarization of
smooth muscles surrounding the vessels, causing them to relax and therefore dilate the
vessels. We have shown that NO is likely to be an essential downstream pathway of GPR68
and leads to vasodilation (Figure 11C). Future studies might reveal additional pathways that
could be activated by GPR68.

Vascular resistance and blood pressure regulation by GPR68

[00365] We have shown that in isolated resistance arteries, acute activation of the Gpr68
by agonist causes dilation, and that loss of Gpr68 activity leads to impaired FMD. FMD is an
acute dilatory response of the endothelium involved in tissue perfusion when the blood flow rate
rises with increase in metabolic demand, together with pressure-induced myogenic tone which
prevents excessive rise in capillary pressure (Joyner and Casey, 2015; Levy et al., 2008). In
several mouse models with reduced FMD due to lack of vimentin (Henrion et al., 1997) or
dystrophin (Loufrani et al., 2001), FMD is selectively and strongly reduced with little change in
blood pressure. Recently, it was shown that deleting flow-sensitive Piezo1 in endothelial cells
causes no changes in resting blood pressure in adult mice (Rode et al., 2017). In humans, a
reduction in FMD is the hallmark of endothelial dysfunction as observed in a variety of diseases
such as hypertension, obesity and type 2 diabetes, whereas a reduced FMD is also found in
subjects with risk factors not necessarily associated with high blood pressure such as tobacco
consumption, menopause, aging, high blood cholesterol, chronic inflammatory diseases
(Deanfield et al., 2007; Moroni et al., 2017; Poredos and Jezovnik, 2013). Here, we found that
the systolic pressure in Gpr68 constitutive KO mice is actually slightly lower, while diastolic
pressure was unaffected (Figure 13A). It is possible that compensatory mechanisms in
response to chronic reduced FMD have caused this phenotype. We found evidence of reduced
baseline myogenic tone in third order arteries from KO mice (Figure 13C). These mice also
have a more effective dilation response to exogenous NO donor (Figure 13D). Both these
parameters can potentially cause the observed reduced systolic pressure. In addition, it is
important to note that systemic blood pressure is affected by many factors, including
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sympathetic/parasympathetic nerve activities, differential regulation of dilation/constriction of the
vessels from different tissues (i.e., brain vs. skeletal muscle). Therefore, our results with the
cannulated 3rd order mesenteric arteries in Gpr68 knockout mice clearly establish a specific
role of Gpré8 in sensing shear stress within blood vessel endothelial cells, and in regulating
small blood vessel dilation.

Pathophysiological significance in ischemic disorders

[00366] A chronic increase in blood flow in arteries stimulates the endothelium and induces
an increase in arterial diameter. This process, called flow-mediated outward remodeling (FMR),
is governed by the rise in shear stress exerted on the endothelial cells and leads to the outward
growth of the vascular wall so that shear stress is normalized within a few days. FMR plays a
major role in collateral artery growth, or arteriogenesis, which is crucial to improve collateral
circulation and tissue perfusion in patients with ischemic diseases. FMR becomes progressively
reduced in aging (Dumont et al., 2008), is decreased even earlier in rat models of hypertension
(Tuttle et al., 2002) and diabetes (Freidja et al., 2012), and has a strong prognostic significance
in patients (Lynch et al., 2012). New therapeutics that improve FMR would potentially bring
significant benefit to patients suffering severe ischemia as this would accelerate collateral artery
growth and thus reperfusion (Silvestre et al., 2013).

Role of GPR68 in other tissues

[00367] GPR®68 is also expressed in a few other cell types, including neurons in the brain
and DRG, and in leukocytes. We detected murine Gpré8 RNA in a subset of DRG neurons by in
situ hybridization (data not shown). However, it is unlikely that Gpré8 is the sensor underlying
the MA currents observed in DRG neurons. First, it is not clear if shear stress is a relevant
mechanical stimulus for DRG neurons. Furthermore, all MA currents in DRG neurons have
extraordinarily fast sub-millisecond onset (Delmas et al., 2011). In comparison, the fastest-
signaling GPCR described to date are the ones involved in photosensing, which require tens of
millisecond to activate and to couple to downstream ion channels (Burns and Pugh, 2010). We
are investigating the possibility that Gpr68 serves as a modulator of other ion channels in DRG,
similar to muscarinic acetylcholine receptors that modulate inward-rectifying K+ channels
(Chuang et al., 1997). Gpré8 is also highly expressed in immune cells (Figure 8A, B). It has
been suggested that the expression of Gpr68 in myeloid-derived cells is required for prostate
cancer cell-induced immunosuppression (Yan et al., 2014). GPR68 mice also have impaired T
cell responses associated with a reduced frequency and number of dendritic cells (DCs), higher
production of nitric oxide by macrophages, and defect in DCs migration to draining lymph nodes
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(Aoki et al., 2013; D'Souza et al., 2016). There’s also evidence suggesting that GPR68 could
be involved in recall of fear conditioning in mice (Huang et al., 2015). Interestingly, it's been
suggested that GPR68 as a proton sensor is required for proper enamel formation in humans
(Parry et al., 2016). However, the mechanism of these effects, and whether
mechanotransduction is involved, especially in the setting of immune cells, is not clear.

Significance of the high throughput mechanical assay system

[00368] Our novel high throughput shear stress stimulation system vastly improves the
throughput of mechanotransduction assays. This enabling technology has made unbiased,
genome-wide screen for novel mechanosensitive proteins and pathways feasible. This system
could also greatly impact the discovery of small molecules that modulate mechanosensory
proteins. The identification of GPR68 as a novel mechanosensor validates the value and

potential of this novel high throughput system.

Example 2: GPR68 is induced in rat and human hepatic stellate cells by TGFp treatment

[00369] Rat hepatic stellate cells were isolated using enzyme perfusion followed by density
gradient centrifugation. Cultured rat hepatic stellate cells were treated with TGF-B or vehicle,
and mRNA was isolated and subject to RNAseq to enable transcriptome analysis, and
quantitative PCR to assess GPR68 transcript levels.

[00370] Cultured human primary hepatic stellate cells were treated with TGF-B or vehicle,
and mRNA was isolated and subject to RNAseq to enable transcriptome analysis, and
quantitative PCR to assess GPR68 transcript levels.

[00371] GPR68 mRNA was induced in both rat and human hepatic stellate cells by
treatment with TGFB (Figure 15).

Example 3: Treating CHF in a Mouse Model

[00372] CHF in mice is induced by one of the following means: a) pressure overload by
transverse aortic constriction surgery, or b) myocardial infarction by left anterior descending
artery ligation surgery. A GPR68 modulator is administered prior-to, during or after the induction
of CHF. Cardiac function is assessed by echocardiography, left ventrical hypertrophy levels are
determined by histology, and fibrosis level is assessed by Masson’s trichrome staining and Pico

Sirus Red staining.

Example 4: Treating Stroke in a Mouse Model
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[00373] Stroke in mice is induced by one of the following means: a) permanent occlusion of
the middle cerebral artery (MCA), or b) transient occlusion of the MCA followed by reperfusion,
via the intraluminal suture technique. A GPR68 modulator is administered prior-to, during or
after the induction of stroke. Efficacy is assessed by infarct size measured by magnetic
resonance imaging, cerebral blood flow recovery is determined by laser Doppler imaging, and
histology is assessed by 2,3,5-triphenyltetrazolium chloride (TTC) staining.

Example 5: Treating peripheral arterial disease (PAD) in a Mouse Model

[00374] Mouse models of PAD, including but not limited to: a) surgical ligation of either iliac
artery proximal to the internal branch, or femoral artery proximal to the superficial epigastric
artery, b) critical limb ischemia, ¢) diabetic neuropathy are established. A GPR68 modulator is
administered prior-to, during or after the induction of PAD. Efficacy is assessd by blood flow
recovery measured by laser Doppler imaging, magnetic resonance imaging or computed
tomography, biomarker assessment and histological analysis are perforemed by haematoxylin

and eosin staining.

Example 6: Treating Liver Fibrosis in a Mouse Model

[00375] Liver fibrosis in mice is induced by one of the following means: a) administration of
chemicals including carbon tetrachloride (CCl4), thioacetamide (TAA), alcohol or
dimethylnitrosamine (DMN) and diethylnitrosamine (DEN}); b) special diet including high-fat,
high-cholestrol, high-fructose diet, methionine-deficient and choline-deficient diet and choline-
deficient L-amino acid defined diet; and ¢) bile-duct ligation surgery. A GPR68 modulator is
administered prior-to, during or after the induction of liver fibrosis. Liver enzyme levels
(aspartate transaminase (AST) and alanine transaminase (ALT)) in the blood are determined
and fibrosis score is determined by histology (Masson’s trichrome staining and Pico Sirus Red
staining).

[00376] It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of this
application and the scope of the appended claims.
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We Claim:

1.

10.

11.

12.

13.
14.

A method of modulating flow-mediated dilation (FMD) response or flow-mediated
outward remodeling (FMR) of small-diameter arteries in a subject in need thereof
comprising administering a modulator of a GPR68 gene product to the subject.

The method of claim 1, wherein the modulator is an antagonist or an agonist of the
GPR68 gene product.

The method of claim 1 or 2, wherein the subject being treated has an abnormal vessel
dilation and constriction response.

The method of claim 3, wherein the abnormal vessel dilation and constriction response
is associated with endothelial dysfunction.

The method of claim 4, wherein the endothelial dysfunction is associated with vascular
disorder, peripheral arterial disease, heart failure, hypertension, hypercholesterolemia,
diabetes, septic shock, Behcet’s disease, exposure to smoking tobacco products,
exposure to air pollution, or a combination thereof.

The method of any one of claims 1-5, wherein the modulator of the GPR68 gene product
is selected from the group consisting of a small molecule compound, an antibody, a
nucleic acid molecule, a protein, and a combination thereof.

The method of claim 6, wherein the nucleic acid molecule is selected from the group
consisting of an antisense oligonucleotide, a guide RNA, a ribozyme, an aptamer, and a
small interfering RNA.

The method of any one of claims 1-7, wherein the subject is a human.

The method of any one of claims 1-8, further comprising measuring the vessel dilation
response of the subject.

The method of claim 9, wherein the measuring the vessel dilation response comprises
brachial artery ultrasound imaging (BAUI).

A method of reducing systemic vascular resistance (SVR) in a subject in need thereof
comprising administering a modulator of a GPR68 gene product to the subject.

The method of claim 11, wherein the modulator is an antagonist or an agonist of the
GPR68 gene product.

The method of claim 11 or 12, wherein the subject being treated has an abnormal SVR.
The method of claim 13, wherein the abnormal SVR is associated with peripheral arterial
disease, heart failure, hypertension, hypercholesterolemia, diabetes, septic shock, or a
combination thereof.
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15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

The method of any one of claims 11-14, wherein the modulator of the GPR68 gene
product is selected from the group consisting of a small molecule compound, an
antibody, a nucleic acid molecule, a protein, and a combination thereof.

The method of claim 15, wherein the nucleic acid molecule is selected from the group
consisting of an antisense oligonucleotide, a guide RNA, a ribozyme, an aptamer, and a
small interfering RNA.

The method of any one of claims 11-16, wherein the subject is a human.

The method of any one of claims 11-17, further comprising measuring the SVR of the
subject.

The method of claim 18, wherein the measuring the SVR comprises measuring blood
pressure (BP), heart rate (HR), stroke volume (SV), or a combination thereof.

The method of any one of claims 11-18, wherein the SVR of the subject is reduced by
about 10% to about 50%.

. A method of treating a cardiovascular disease in a subject in need thereof comprising

administering a pharmaceutical composition comprising a modulator of a GPR68 gene
product to the subject.

The method of claim 21, wherein the modulator is an antagonist or an agonist of the
GPR68 gene product.

The method of claim 21 or 22, wherein the cardiovascular disease is selected from the
group consisting of congestive heart failure (CHF), peripheral artery disease, stroke,
diabetic nephropathy, and renal hypertension.

The method of claim 23, wherein the CHF comprises HF with reduced ejection fraction
(aka HF due to left ventricular dysfunction) or HF with preserved ejection fraction
(HFpEF) (aka diastolic HF or HF with normal ejection fraction).

The method of claim 23 or 24, wherein the CHF is associated with a coronary artery
disease selected from myocardial infarction (heart attack), high blood pressure, atrial
fibrillation, and valvular heart disease, excess alcohol use, infection, or cardiomyopathy
of an unknown cause.

The method of any one of claims 21-25, wherein the modulator of the GPR68 gene
product reduces the SVR or the left ventricle afterload of the subject.

The method of claim 26, wherein the SVR or the left ventricle afterload of the subject is
reduced by about 10% to about 50%.

The method of any one of claims 21-27, further comprising diagnosing the
cardiovascular disease in the subject.
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29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.
40.

The method of claim 28, wherein the cardiovascular disease is diagnosed based on the
history of the symptoms, physical examination, echocardiography, blood test,
electrocardiography, chest radiography, or a combination thereof.
The method of any one of claims 22-29, wherein the modulator of the GPR68 gene
product is selected from the group consisting of a small molecule compound, an
antibody, a nucleic acid molecule, a protein, and a combination thereof.
The method of claim 30, wherein the nucleic acid molecule is selected from the group
consisting of an antisense oligonucleotide, a guide RNA, a ribozyme, an aptamer, and a
small interfering RNA.
The method of any one of claims 21-31, wherein the subject is a human.
The method of any one of claims 21-32, further comprising administering an angiotensin
converting enzyme (ACE) inhibitor, an angiotensin receptor blocker (ARB), a B-
adrenergic receptor blocker, or a diuretics to the subject.
A modulator of a GPR68 gene product for use as a medicament for the treatment of a
cardiovascular disease in a subject in need thereof.
A modulator of a GPR68 gene product in the manufacture of a medicament for the
treatment of a cardiovascular disease in a subject in need thereof.
A method of treating liver fibrosis in a subject in need thereof comprising administering a
pharmaceutical composition comprising an antagonist of a GPR68 gene product to the
subject.
The method of claim 36, wherein the antagonist of the GPR68 gene product is selected
from the group consisting of a small molecule compound, an antibody, a nucleic acid
molecule, a protein, and a combination thereof.
The method of claim 37, wherein the nucleic acid molecule is selected from the group
consisting of an antisense oligonucleotide, a guide RNA, a ribozyme, an aptamer, and a
small interfering RNA.
The method of any one of claims 36-38, wherein the subject is a human.
A method of identifying a modulator of a GPR68 gene product comprising:

a. Providing a population of cells expressing a GPR68 gene product;

b. Adding a library of candidate molecules to the population of cells;

c. Applying a shear stress or an acidic shock to the population of cells;

d. Measuring the calcium transient in the population of cells; and

e. ldentifying a candidate molecule in a cell that shows enhanced/reduced calcium

transient in the cell.
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41. The method of claim 40, wherein the population of cells comprises endothelial cells,
such as mouse primary brain microvascular endothelial cells, or human microvascular
endothelial cells from brain, lung, bladder, or skin.

42. The method of claim 40 or 41, wherein the library of candidate molecules comprises a
small molecule compound, an antibody, a nucleic acid molecule, or a protein.

43. The method of any one of claims 40-42, wherein the shear stress comprises disturbed
flow or laminar flow.

44. The method of any one of claims 40-42, wherein the acidic shock comprises
extracellular proton at pH 6.5.
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