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Reported
to

act
as

a
co-receptor

for
H
IV

[ 1724].See
review

[396]
for

discussion
ofpairing

w
ith

chem
erin.

sphingosine
1-phosphate

w
as

reported
to

be
an

endogenous
agonist

[ 1921],but
this

finding
w
as

not
replicated

in
subsequentstudies

[2093].Reported
to

activate
adenylyl

cyclase
constitutively

through
G
s

[ 466].G
ene

disruption
results

in
prem

ature
ovarian

ageing
[1063],

reduced
β-am

yloid
deposition

[1868]
and

hypersensitivity
to

therm
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[1615]in
m
ice.Firstsm

allm
olecule

inverse
agonist[860]and

agonists
identified

[ 2091].

An
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activation
by

lysophosphatidylcholine
and

sphingosylphosphorylcholine
[2131]

has
been

retracted
[2148].G

PR4,
G
PR65,G

PR68
and

G
PR132

are
now

thoughtto
function

as
proton-sensing
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detecting

acidic
pH

[ 396,
1704].G

ene
disruption

is
associated

w
ith

increased
perinatalm

ortality
and
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paired

vascular
proliferation

[2085].
N
egative
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odulators
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have
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[1889].

An
initialreportthat

sphingosine
1-phosphate

(S1P)
w
as

a
high-affinity

ligand
(EC
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value

of
39nM
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as

notrepeated
by

arrestin
PathH

unter[TM
]assays

[ 1785,2093].Reported
to

activate
adenylylcyclase

constitutively
through

G
s
and

to
be

located
intracellularly
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PR6-deficientm
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show

ed
reduced
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AM

P
production

in
vitro

and
selected
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vivo.
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[344],U
D
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5
0
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[130,344],
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(pEC
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4
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0

8.1–8.4)
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–

C
om

m
ents

Reports
that

sphingosine
1-phosphate

is
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replicated
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2093].G
ene
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results

in
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and
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[ 945].

Reported
to

be
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diphosphate
receptor
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instead

proposed
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negative

regulatorofthe
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ysLT1

receptorresponse
to
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D
4
( LTD

4
).For
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see
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Reported
to

inhibitadenylyl
cyclase

constitutively
through

G
i/o

[ 708].G
PR20

deficient
m
ice

exhibithyperactivity
characterised

by
increased

totaldistance
travelled

in
an

open
field

test
[207].

G
p
r2
1
knockoutm

ice
w
ere

resistantto
diet-induced

obesity,
exhibiting

an
increase

in
glucose
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and

insulin
sensitivity,as

w
ellas

a
m
odestlean

phenotype
[ 1448].

G
ene

disruption
results

in
increased

severity
offunctional

decom
pensation

follow
ing

aortic
banding

[10].Identified
as

a
susceptibility

locus
for

osteoarthritis[ 494,929,1935].

–
H
as

been
reported

to
activate

adenylylcyclase
constitutively

through
G
s
[880].

G
p
r2
6

knockoutm
ice

show
increased

levels
ofanxiety

and
depression-like

behaviours
[ 2117].

N
om

enclature
G
PR
2
7

G
PR
3
1

G
PR
3
2

G
PR
3
3

G
PR
3
4

H
G
N
C
,U

niProt
G
PR
2
7,Q

9N
S67

G
PR
3
1,O

00270
G
PR
3
2,O

75388
G
PR
3
3,Q

49SQ
1

G
PR
3
4,Q

9U
PC

5

Rank
orderof

potency
–

–
resolvin

D
1

LX
A4

–
–

Endogenous
agonists

–
12S-H

ETE
(Selective)(pEC

5
0
9.6)

[ 665]–
M
ouse

resolvin
D
1
(pEC

5
0
11.1)[1006],

LX
A4

(pEC
5
0
9.7)

[1006]
–

lysophosphatidylserine
(Selective)(pEC

5
0
6.6–6.9)[960,

1817]

Labelled
ligands

–
–

[ 3
H
]resolvin

D
1
(Agonist)(p

K
d

9.7)[1006]
–

–

C
om

m
ents

Knockdow
n
ofG

pr27
reduces

endogenous
m
ouse

insulin
prom

otoractivity
and

glucose-stim
ulated

insulin
secretion

[1012].

See
[ 396]for

discussion
of

pairing.
resolvin

D
1
has

been
dem

onstrated
to

activate
G
PR32

in
tw

o
publications

[316,1006].
The

pairing
w
as

notreplicated
in

a
recentstudy

based
on

arrestin
recruitm

ent[1785].
G
PR
3
2
is
a

pseudogene
in

m
ice

and
rats.

See
review

s
[ 250]and

[396].

G
PR
3
3
is
a
pseudogene

in
m
ost

individuals,containing
a

prem
ature

stop
codon

w
ithin

the
coding

sequence
ofthe

second
intracellularloop

[1621].

Lysophosphatidylserine
has

been
reported

to
be

a
ligand

ofG
PR34

in
severalpublications,but

the
pairing

w
as

notreplicated
in

a
recentstudy

based
on

arrestin
recruitm

ent[1785].Fails
to

respond
to

a
variety

of
lipid-derived

agents
[ 2093].

G
ene

disruption
results

in
an

enhanced
im

m
une

response
[ 1102].C

haracterization
of

agonists
at

this
receptoris

discussed
in

[819]and
[396].
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8
6
9

N
om

enclature
G
PR
3
5

G
PR
3
7

G
PR
3
7
L1

G
PR
3
9

G
PR
4
2

H
G
N
C
,U

niProt
G
PR
3
5,Q

9H
C
97

G
PR
3
7,O

15354
G
PR
3
7
L1,O

60883
G
PR
3
9,O

43194
G
PR
4
2,O

15529

Endogenous
agonists

2-oleoyl-LPA
(pEC

5
0
7.3–7.5)

[ 1436],kynurenic
acid

(pEC
5
0

3.9–4.4)
[1785,1980]

–
–

Zn 2+
[775]

–

Agonists
–

neuropeptide
head

activator
(pEC

5
0
8–8.5)[1578]

–
com

pound
1
[PM

ID
:24900608]

(pEC
5
0
4.9–7.2)[166]

–

C
om

m
ents

Severalstudies
have

show
n
that

kynurenic
acid

is
an

agonist
of

G
PR35

but
itrem

ains
controversialw

hetherthe
proposed

endogenous
ligand

reaches
sufficient

tissue
concentrations

to
activate

the
receptor[1015].2-oleoyl-LPA

has
also

been
proposed

as
an

endogenous
ligand

[1436]but
these

results
w
ere

notreplicated
in

an
arrestin

assay
[ 1785].The

phosphodiesterase
inhibitor

zaprinast
[1863]has

becom
e

w
idely

used
as

a
surrogate

agonist
to

investigate
G
PR35

pharm
acology

and
signalling

[ 1863].G
PR35

is
also

activated
by

the
pharm

aceuticaladjunct
pam

oic
acid

[2124].See
review

s
[396]and

[429].

Reported
to

associate
and

regulate
the

dopam
ine

transporter[1207]and
to

be
a

substrate
for

parkin
[1205].G

ene
disruption

results
in

altered
striatal

signalling
[1206].The

peptides
prosaptide

and
prosaposin

are
proposed

as
endogenous

ligands
for

G
PR37

and
G
PR37L1

[ 1264].

The
peptides

prosaptide
and

prosaposin
are

proposed
as

endogenous
ligands

for
G
PR37

and
G
PR37L1

[1264].

Zn 2+
has

been
reported

to
be

a
potentand

efficacious
agonistof

hum
an,m

ouse
and

ratG
PR39

[2089].obestatin
(G
H
R
L,

Q
9U

BU
3),a

fragm
ent

from
the

ghrelin
precursor,w

as
reported

initially
as

an
endogenous

ligand,
butsubsequentstudies

failed
to

reproduce
these

findings.
G
PR
3
9

has
been

reported
to

be
dow

n-regulated
in

adipose
tissue

in
obesity-related

diabetes
[ 273].

G
ene

disruption
results

in
obesity

and
altered

adipocyte
m
etabolism

[ 1497].Review
ed

in
[396].

–

N
om

enclature
G
PR
4
5

G
PR
5
0

G
PR
5
2

G
PR
6
1

H
G
N
C
,U

niProt
G
PR
4
5,Q

9Y5Y3
G
PR
5
0,Q

13585
G
PR
5
2,Q

9Y2T5
G
PR
6
1,Q

9BZJ8

C
om

m
ents

–
G
PR50

is
structurally

related
to

M
T1

and
M
T2

m
elatonin

receptors,w
ith

w
hich

it
heterodim

erises
constitutively

and
specifically

[ 1089].
G
p
r5
0
knockoutm

ice
display

abnorm
altherm

oregulation
and

are
m
uch

m
ore

likely
than

w
ild-type

m
ice

to
enter

fasting-induced
torpor[111].

First
sm

allm
olecule

agonist
reported

[1703].
G
PR61

deficientm
ice

exhibitobesity
associated

w
ith

hyperphagia
[1363].

Although
no

endogenous
ligands

have
been

identified,
5-(nonyloxy)tryptam

ine
has

been
reported

to
be

a
low

affinity
inverse

agonist
[ 1852].
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9

N
om

enclature
G
PR
6
2

G
PR
6
3

G
PR
6
5

G
PR
6
8

G
PR
7
5

H
G
N
C
,U

niProt
G
PR
6
2,Q

9BZJ7
G
PR
6
3,Q

9BZJ6
G
PR
6
5,Q

8IYL9
G
PR
6
8,Q

15743
G
PR
7
5,O

95800

Endogenous
ligand

–
–

Protons
Protons

–

C
om

m
ents

–
sphingosine

1-phosphate
and

dioleoylphosphatidic
acid

have
been

reported
to

be
low

affinity
agonists

for
G
PR63

[1394]but
this

finding
w
as

notreplicated
in

an
arrestin-based

assay
[ 2093].

G
PR4,G

PR65,G
PR68

and
G
PR132

are
now

thoughtto
function

as
proton-sensing

receptors
detecting

acidic
pH

[396,1704].Reported
to

activate
adenylylcyclase;gene

disruption
leads

to
reduced

eosinophilia
in

m
odels

ofallergic
airw

ay
disease

[ 1000].

G
PR68

w
as

previously
identified

as
a

receptorfor
sphingosylphosphorylcholine

(SPC
)

[2068],but
the

originalpublication
has

been
retracted

[ 2067].G
PR4,

G
PR65,G

PR68
and

G
PR132

are
now

thoughtto
function

as
proton-sensing

receptors
detecting

acidic
pH

[ 396,1704].A
fam

ily
of

3,5-disubstituted
isoxazoles

w
ere

identified
as

agonists
ofG

PR68
[ 1617].

C
C
L5

(C
C
L5,P13501)

w
as

reported
to

be
an

agonist
ofG

PR75
[ 816],

but
the

pairing
could

notbe
repeated

in
an

arrestin
assay

[1785].

N
om

enclature
G
PR
7
8

G
PR
7
9

G
PR
8
2

G
PR
8
3

G
PR
8
4

H
G
N
C
,U

niProt
G
PR
7
8,Q

96P69
G
PR
7
9,–

G
PR
8
2,Q

96P67
G
PR
8
3,Q

9N
YM

4
G
PR
8
4,Q

9N
Q
S5

Agonists
–

–
–

Zn 2+
(pEC

5
0
5)

[1351]–
M
ouse

decanoic
acid

(pEC
5
0
5–5.4)

[1785,1981],undecanoic
acid

(pEC
5
0
5.1)

[1981],lauric
acid

(pEC
5
0
5)

[1981]

C
om

m
ents

G
PR78

has
been

reported
to

be
constitutively

active,coupled
to

elevated
cAM

P
production

[ 880].

–
M
ice

w
ith

G
p
r8
2
knockouthave

a
low

erbody
w
eightand

body
fat

contentassociated
w
ith

reduced
food

intake,decreased
serum

triglyceride
levels,as

w
ellas

higher
insulin

sensitivity
and

glucose
tolerance

[479].

O
ne

isoform
has

been
im

plicated
in

the
induction

ofC
D
4(+)

C
D
25(+)regulatory

T
cells

(Tregs)
during

inflam
m
atory

im
m
une

responses
[ 696].The

extracellular
N
-term

inaldom
ain

is
reported

as
an

intram
olecularinverse

agonist
[1352].

M
edium

chain
free

fatty
acids

w
ith

carbon
chain

lengths
of9-14

activate
G
PR84

[ 1828,1981].A
surrogate

ligand
for

G
PR84,

6-n-octylam
inouracilhas

also
been

proposed
[1828].See

review
[396]

for
discussion

ofclassification.
M
utationalanalysis

and
m
olecular

m
odelling

ofG
PR84

has
been

reported
[ 1397].
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enclature
G
PR
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G
PR
8
7

G
PR
8
8

G
PR
1
0
1

H
G
N
C
,U

niProt
G
PR
8
5,P60893

G
PR
8
7,Q

9BY21
G
PR
8
8,Q

9G
ZN

0
G
PR
1
0
1,Q

96P66

Endogenous
agonists

–
LPA

(pEC
5
0
7.4)[1344,

1836]
–

–

Agonists
–

–
com

pound
2
[PM

ID
:24793972]

(pEC
5
0
6.2)[868]

–

C
om

m
ents

Proposed
to

regulate
hippocam

palneurogenesis
in

the
adult,as

w
ellas

neurogenesis-dependent
learning

and
m
em

ory
[303].

–
G
ene

disruption
results

in
altered

striatalsignalling
[ 1137].Sm

all
m
olecule

agonists
have

been
reported

[147].

M
utations

in
G
PR101

have
been

linked
to

gigantism
and

acrom
egaly

[ 1906].

N
om

enclature
G
PR
1
3
2

G
PR
1
3
5

G
PR
1
3
9

G
PR
1
4
1

G
PR
1
4
2

H
G
N
C
,U

niProt
G
PR
1
3
2,Q

9U
N
W
8

G
PR
1
3
5,Q

8IZ08
G
PR
1
3
9,Q

6D
W
J6

G
PR
1
4
1,Q

7Z602
G
PR
1
4
2,Q

7Z601

Endogenous
ligand

Protons
–

–
–

–

Agonists
–

–
com

pound
1a

[PM
ID

:24900311]
(pEC

5
0
7.4)

[1721]
–

–

C
om

m
ents

G
PR4,G

PR65,G
PR68

and
G
PR132

are
now

thoughtto
function

as
proton-sensing

receptors
detecting

acidic
pH

[ 396,1704].Reported
to

respond
to

lysophosphatidylcholine
[891],

butlaterretracted
[2038].

–
Peptide

agonists
have

been
reported

[828].
–

Sm
allm

olecule
agonists

have
been

reported
[1890,2106].
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0

G
PR
1
5
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H
G
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niProt
G
PR
1
4
6,Q

96C
H
1

G
PR
1
4
8,Q

8TD
V2

G
PR
1
4
9,Q

86SP6
G
PR
1
5
0,Q

8N
G
U
9

G
PR
1
5
1,Q

8TD
V0

C
om

m
ents

Yosten
et
a
l.dem

onstrated
inhibition

of proinsulin
C
-peptide

(IN
S,P01308)-induced

stim
ulation

ofcFos
expression

folllow
ing

knockdow
n
ofG

PR146
in

KATO
IIIcells,suggesting

proinsulin
C
-peptide

as
an

endogenous
ligand

ofthe
receptor[2103].

–
G
p
r1
4
9
knockoutm

ice
displayed

increased
fertility

and
enhanced

ovulation,w
ith

increased
levels

of
FSH

receptorand
cyclin

D
2
m
RN

A
levels

[ 463].

–
G
PR151

responded
to

galanin
w
ith

an
EC

50
value

of2
M
,

suggesting
thatthe

endogenous
ligand

shares
structuralfeatures

w
ith

galanin
(G
A
L,P22466)

[813].

N
om

enclature
G
PR
1
5
2

G
PR
1
5
3

G
PR
1
6
0

G
PR
1
6
1

G
PR
1
6
2

H
G
N
C
,U

niProt
G
PR
1
5
2,Q

8TD
T2

G
PR
1
5
3,Q

6N
V75

G
PR
1
6
0,Q

9U
J42

G
PR
1
6
1,Q

8N
6U

8
G
PR
1
6
2,Q

16538

C
om

m
ents

–
–

–
A
C
-term

inaltruncation
(deletion)m

utation
in

G
pr161

causes
congenitalcataracts

and
neuraltube

defects
in

the
vacuolated

lens
(vl)m

ouse
m
utant[1226].The

m
utated

receptoris
associated

w
ith

cataract,spina
bifida

and
w
hite

belly
spot

phenotypes
in

m
ice

[994].
G
ene

disruption
is
associated

w
ith

a
failure

ofasym
m
etric

em
bryonic

developm
entin

zebrafish
[ 1085].

–

N
om

enclature
G
PR
1
7
1

G
PR
1
7
3

G
PR
1
7
4

G
PR
1
7
6

G
PR
1
8
2

H
G
N
C
,U

niProt
G
PR
1
7
1,O

14626
G
PR
1
7
3,Q

9N
S66

G
PR
1
7
4,Q

9BX
C
1

G
PR
1
7
6,Q

14439
G
PR
1
8
2,O

15218

Endogenous
agonists

–
–

lysophosphatidylserine
(pEC

5
0

7.1)
[825]

–
–

C
om

m
ents

G
PR171

has
been

show
n
to

be
activated

by
the

endogenous
peptide

BigLEN
{M

ouse}.This
receptor-peptide

interaction
is

believed
to

be
involved

in
regulating

feeding
and

m
etabolism

responses
[ 621].

–
See

[819]w
hich

discusses
characterization

ofagonists
at

this
receptor.

–
Rat

G
PR182

w
as

first
proposed

as
the

adrenom
edullin

receptor
[ 904].H

ow
ever,it

w
as

later
reported

thatratand
hum

an
G
PR182

did
notrespond

to
adrenom

edullin
[ 927]and

G
PR182

is
notcurrently

considered
to

be
a
genuine

adrenom
edullin

receptor[722].
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PR
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LG
R
4,Q

9BX
B1

LG
R
5,O

75473
LG
R
6,Q

9H
BX

8
M
A
S1,P04201

Endogenous
agonists

7
α,25-dihydroxycholesterol

(Selective)(pEC
5
0
8.1–9.8)

[694,1125],
7
α,27-dihydroxycholesterol

(Selective)(pEC
5
0
8.9)

[1125],
7
β,25-dihydroxycholesterol

(Selective)(pEC
5
0
8.7)

[1125],
7
β,27-dihydroxycholesterol

(Selective)(pEC
5
0
7.3)

[1125]

R-spondin-2
(R
SPO

2,Q
6U

X
X
9)

(pEC
5
0
12.5)

[266],R-spondin-1
(R
SPO

1,Q
2M

KA7)
(pEC

5
0
10.7)

[266],R-spondin-3
(R
SPO

3,
Q
9BX

Y4)
(pEC

5
0
10.7)[266],

R-spondin-4
(R
SPO

4,Q
2I0M

5)
(pEC

5
0
10.1)

[266]

R-spondin-2
(R
SPO

2,Q
6U

X
X
9)

(pEC
5
0
12)

[266],R-spondin-1
(R
SPO

1,Q
2M

KA7)
(pEC

5
0
11.1)

[266],R-spondin-3
(R
SPO

3,
Q
9BX

Y4)(pEC
5
0
11)

[266],
R-spondin-4

(R
SPO

4,Q
2I0M

5)
(pEC

5
0
9.4)

[266]

R-spondin-1
(R
SPO

1,
Q
2M

KA7)[266,2140],
R-spondin-2

(R
SPO

2,
Q
6U

X
X
9)

[266,2140],
R-spondin-3

(R
SPO

3,
Q
9BX

Y4)
[266,2140],

R-spondin-4
(R
SPO

4,
Q
2I0M

5)
[266,2140]

–

Agonists
–

–
–

–
angiotensin-(1-7)(A

G
T,

P01019)
(p
K
i 7.3)

[612]
–
M
ouse

C
om

m
ents

Tw
o
independentpublications

have
show

n
that

7
α,25-dihydroxycholesterolis

an
agonistofG

PR183
and

have
dem

onstrated
by

m
ass

spectrom
etry

thatthis
oxysterol

is
presentendogenously

in
tissues

[ 694,1125].
G
pr183-deficientm

ice
show

a
reduction

in
the

early
antibody

response
to

a
T-dependent

antigen.G
PR183-deficientB

cells
failto

m
igrate

to
the

outer
follicle

and
instead

stay
in

the
follicle

centre
[ 923,1488].

LG
R4

does
notcouple

to
heterotrim

eric
G

proteins
or

recruitarrestins
w
hen

stim
ulated

by
the

R-spondins,
indicating

a
unique

m
echanism

ofaction.R-spondins
bind

to
LG

R4,w
hich

specifically
associates

w
ith

Frizzled
and

LD
L

receptor-related
proteins

(LRPs)
thatare

activated
by

the
extracellularW

ntm
olecules

and
then

triggercanonicalW
nt

signalling
to

increase
gene

expression
[266,1612,2140].

G
ene

disruption
leads

to
m
ultiple

developm
ental

disorders
[ 869,1154,1781,

2005].

The
four

R-spondins
can

bind
to

LG
R4,LG

R5,and
LG

R6,w
hich

specifically
associate

w
ith

Frizzled
and

LD
L

receptor-related
proteins

(LRPs),
proteins

thatare
activated

by
extracellularW

ntm
olecules

and
w
hich

then
triggercanonical

W
ntsignalling

to
increase

gene
expression

[266,2140].

–
–
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M
R
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H
G
N
C
,U

niProt
M
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M
R
G
PR
D
,Q

8TD
S7

M
R
G
PR
E,Q

86SM
8

M
R
G
PR
F,Q

96AM
1

M
R
G
PR
G
,Q

86SM
5

Endogenous
agonists

–
β-alanine

(pEC
5
0
4.8)

[1729,1785]
–

–
–

C
om

m
ents

–
An

endogenous
peptide

w
ith

a
high

degree
of

sequence
sim

ilarity
to

angiotensin-(1-7)(A
G
T,

P01019),alam
andine

(A
G
T),w

as
show

n
to

prom
ote

N
O

release
in

M
RG

PRD
-transfected

cells.The
binding

ofalam
andine

to
M
RG

PRD
to

w
as

show
n
to

be
blocked

by
D
-Pro 7-angiotensin-(1-7),

β-alanine
and

PD
123319

[1045].G
enetic

ablation
of

M
RG

PRD
+
neurons

ofadult
m
ice

decreased
behaviouralsensitivity

to
m
echanicalstim

uli
butnotto

therm
alstim

uli[ 278].See
review

s
[396]and

[1779].

See
review

s
[396]and

[ 1779].
M
RG

PRF
has

been
reported

to
respond

to
stim

ulation
by

angiotensin
m
etabolites

[589].
See

review
s
[396]and

[1779].

See
review

s
[396]and

[ 1779].

N
om

enclature
M
R
G
PR
X
1

M
R
G
PR
X
2

M
R
G
PR
X
3

M
R
G
PR
X
4

H
G
N
C
,U

niProt
M
R
G
PR
X
1,Q

96LB2
M
R
G
PR
X
2,Q

96LB1
M
R
G
PR
X
3,Q

96LB0
M
R
G
PR
X
4,Q

96LA9

Endogenous
agonists

bovine
adrenalm

edulla
peptide

8-22
(PEN

K,
P01210)

(Selective)(pEC
5
0
5.3–7.8)[299,1080,

1785]

PAM
P-20

(A
D
M
,P35318)

(Selective)[899]
–

–

Agonists
–

cortistatin-14
{M

ouse,Rat}
(pEC

5
0
6.9–7.6)[899,

1594,1785]
–

–

Selective
agonists

–
PAM

P-12
(hum

an)(pEC
5
0
7.2–7.7)[899]

–
–

C
om

m
ents

Reported
to

m
ediate

the
sensation

ofitch
[1131,

1739].Reports
that

bovine
adrenalm

edulla
peptide

8-22
(PEN

K,
P01210)

w
as

the
m
ost

potentofa
series

of
proenkephalin

A-derived
peptides

as
an

agonistof
M
RG

PRX
1
in

assays
ofcalcium

m
obilisation

and
radioligand

binding
[1080]w

ere
replicated

in
an

independentstudy
using

an
arrestin

recruitm
ent

assay
[1785].See

review
s
[396]and

[1779].

A
diverse

range
ofsubstances

has
been

reported
to

be
agonists

ofM
RG

PRX
2,w

ith
cortistatin

14
the

highestpotency
agonistin

assays
ofcalcium

m
obilisation

[ 1594],also
confirm

ed
in

an
independentstudy

using
an

arrestin
recruitm

ent
assay

[1785].See
review

s
[396]and

[1779].

–
See

review
s
[396]and

[1779].
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niProt
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PN

3,Q
9H

1Y3
O
PN

4,Q
9U

H
M
6

O
PN

5,Q
6U

736
P2
R
Y8,Q

86VZ1

C
om

m
ents

–
–

Evidence
indicates

O
PN

5
triggers

a
U
V-sensitive

G
i -m

ediated
signalling

pathw
ay

in
m
am

m
alian

tissues
[ 982].

–

N
om

enclature
P2
R
Y1
0

TA
A
R
2

TA
A
R
3

TA
A
R
4
P

H
G
N
C
,U

niProt
P2
R
Y1
0,O

00398
TA
A
R
2,Q

9P1P5
TA
A
R
3,Q

9P1P4
TA
A
R
4
P,–

Rank
orderof

potency
–

β-phenylethylam
ine

tryptam
ine

[185]
–

–

Endogenous
agonists

sphingosine
1-phosphate

(Selective)
(pEC

5
0
7.3)

[1344],LPA
(Selective)

(pEC
5
0
6.9)

[1344]

–
–

–

C
om

m
ents

–
Probable

pseudogene
in

10-15%
of

Asians
due

to
a
polym

orphism
(rs8192646)producing

a
prem

ature
stop

codon
at

am
ino

acid
168

[ 396].

TA
A
R
3
is
thoughtto

be
a
pseudogene

in
m
an

though
functionalin

rodents
[396].

Pseudogene
in

m
an

but
functionalin

rodents
[396].

N
om

enclature
TA
A
R
5

TA
A
R
6

TA
A
R
8

TA
A
R
9

H
G
N
C
,U

niProt
TA
A
R
5,O

14804
TA
A
R
6,Q

96RI8
TA
A
R
8,Q

969N
4

TA
A
R
9,Q

96RI9

C
om

m
ents

Trim
ethylam

ine
is
reported

as
an

agonist[1974]
and

3-iodothyronam
ine

an
inverse

agonist
[426].

–
–

TA
A
R
9
appears

to
be

functionalin
m
ostindividuals

buthas
a
polym

orphic
prem

ature
stop

codon
at

am
ino

acid
61

(rs2842899)w
ith

an
allele

frequency
of10-30%

in
different

populations
[ 1944].
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G
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8
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G
PR
1
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6PRD
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G
PR
C
5
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8N
FJ5

G
PR
C
5
B,Q

9N
ZH

0
G
PR
C
5
C,Q

9N
Q
84

G
PR
C
5
D
,Q

9N
ZD

1

Ta
ste

1
re
ce

p
to
rs

G
protein-coupled

receptors
O
rphan

and
other7TM

receptors
Taste

1
receptors

O
v
e
r
v
ie
w
:
W
hilst

the
taste

of
acid

and
salty

foods
appear

to
be

sensed
by

regulation
ofion

channelactivity,bitter,sw
eetand

um
am

i
tastes

are
sensed

by
specialised

G
PC

R.
Tw

o
classes

of
taste

G
PC

R
have

been
identified,

T1R
and

T2R,
w
hich

are
sim

ilar
in

sequence
and

structure
to

C
lass

C
and

C
lass

A
G
PC

R,respectively.
Activation

of
taste

receptors
appears

to
involve

gustducin-
(G

αt3)
and

G
α14-

m
ediated

signalling,
although

the
precise

m
echanism

s
rem

ain
ob-

scure.
G
ene

disruption
studies

suggest
the

involvem
ent

of
PLC

β2
[ 2122],TRPM

5
[2122]and

IP3
[764]

receptors
in

post-receptor
sig-

nalling
of

taste
receptors.

Although
predom

inantly
associated

w
ith

the
oral

cavity,
taste

receptors
are

also
located

elsew
here,

includ-
ing

furtherdow
n
the

gastrointestinalsystem
,in

the
lungs

and
in

the
brain.

S
w
e
e
t/

U
m

a
m

i

T1R3
acts

as
an

obligate
partner

in
T1R1/T1R3

and
T1R2/T1R3

heterodim
ers,w

hich
sense

um
am

ior
sw

eet,respectively.
T1R1/T1R3

heterodim
ers

respond
to

L-glutam
ic
acid

and
m
ay

be
positively

allosterically
m
odulated

by
5’-nucleoside

m
onophosphates,such

as
5’-G

M
P
[1096].T1R2/T1R3

heterodim
ers

respond
to

sugars,such
as

sucrose,and
artificialsw

eeteners,such
as

saccharin
[1376].
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Ta
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2
re
ce

p
to
rs

G
protein-coupled

receptors
O
rphan

and
other7TM

receptors
Taste

2
receptors

B
itte

r

The
com

position
and

stoichiom
etry

ofbitter
taste

receptors
is
not

yet
established.

Bitter
receptors

appear
to

separate
into

tw
o
groups,w

ith
very

restricted
ligand

specificity
or

m
uch

broader
responsiveness.

For
exam

ple,T2R5
responded

to
cyclohexim

ide,butnot10
otherbittercom

pounds
[287],w

hile
T2R14

responded
to

at
least

eightdifferentbittertastants,including
(-)-α-thujone

and
picrotoxinin

[119].
Specialist

database
BitterD

B
contains

additionalinform
ation

on
bittercom

pounds
and

receptors
[2023].
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4
1

TA
S2
R
4
2

TA
S2
R
4
3

TA
S2
R
4
5

TA
S2
R
4
6

TA
S2
R
5
0

TA
S2
R
6
0

H
G
N
C
,U

niProt
TA
S2
R
4
1,P59536

TA
S2
R
4
2,Q

7RTR8
TA
S2
R
4
3,P59537

TA
S2
R
4
5,P59539

TA
S2
R
4
6,P59540

TA
S2
R
5
0,P59544

TA
S2
R
6
0,P59551
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O
th

e
r
7
T
M

p
ro

te
in
s

G
protein-coupled

receptors
O
rphan

and
other7TM

receptors
O
ther7TM

proteins

N
om

enclature
G
PR
1
0
7

G
PR
1
3
7

O
R
5
1
E1

T
PR
A
1

G
PR
1
4
3

G
PR
1
5
7

H
G
N
C
,U

niProt
G
PR
1
0
7,Q

5VW
38

G
PR
1
3
7,Q

96N
19

O
R
5
1
E1,Q

8TC
B6

T
PR
A
1,Q

86W
33

G
PR
1
4
3,P51810

G
PR
1
5
7,Q

5U
AW

9

Endogenous
agonists

–
–

–
–

levodopa
[1141]

–

C
om

m
ents

G
PR107

is
a
m
em

berof
the

LU
STR

fam
ily

of
proteins

found
in

both
plants

and
anim

als,
having

sim
ilar

topology
to

G
protein-coupled

receptors
[ 461]

–
O
R51E1

is
a
putative

olfactory
receptor.

TPRA1
show

s
no

hom
ology

to
know

n
G

protein-coupled
receptors.

Loss-of-function
m
utations

underlie
ocular

albinism
type

1
[103].

G
PR157

has
am

biguous
sequence

sim
ilarities

to
severaldifferent

G
PC

R
fam

ilies
(class

A,class
B

and
the

slim
e
m
ould

cyclic
AM

P
receptor).

Because
ofits

distant
relationship

to
other

G
PC

Rs,itcannotbe
readily

classified.
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5
-H

yd
ro

x
ytryp

ta
m
in
e
re
ce

p
to
rs

G
protein-coupled

receptors
5-H

ydroxytryptam
ine

receptors

O
v
e
r
v
ie
w
:
5-H

T
receptors

(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

5
-H

T
r
e
c
e
p
to

r
s
[7

8
9
]
a
n
d

su
b
se

q
u
e
n
tly

r
e
v
ise

d
[7

0
7
])

are,
w
ith

the
exception

of
the

ionotropic
5-H

T3
class,

G
PC

R
receptors

w
here

the
endogenous

ag-
onist

is
5-hydroxytryptam

ine.
The

diversity
of

m
etabotropic

5-H
T

receptors
is
increased

by
alternative

splicing
that

produces
isoform

s
of

the
5-H

T2A
(non-functional),

5-H
T2C

(non-functional),
5-H

T4
,

5-H
T6

(non-functional)
and

5-H
T7

receptors.
U
nique

am
ongst

the
G
PC

Rs,RN
A
editing

produces
5-H

T2C
receptor

isoform
s
that

differ
in

function,
such

as
efficiency

and
specificity

of
coupling

to
G
q/11

and
also

pharm
acology

[164,
2011].

M
ost

5-H
T
receptors

(except
5-ht

1e
and

5-ht
5a/5b

)
play

specific
roles

m
ediating

functionalre-
sponses

in
differenttissues

(review
ed

by
[ 1554,1957].

N
om

enclature
5-H

T1A
receptor

5-H
T1B

receptor
5-H

T1D
receptor

5-ht1e
receptor

5-H
T1F

receptor

H
G
N
C
,U

niProt
H
T
R
1
A,P08908

H
T
R
1
B,P28222

H
T
R
1
D
,P28221

H
T
R
1
E,P28566

H
T
R
1
F,P30939

Agonists
U
92016A

(p
K
i 9.7)

[1240],
vilazodone

(Partialagonist)
(p
K
i 9.7)[402],vortioxetine

(Partialagonist)(p
K
i 7.8)

[90]

L-694,247
(p
K
i 9.2)

[637],
naratriptan

(Partialagonist)
(p
K
i 8.1)

[1365],eletriptan
(p
K
i 8)

[1365],frovatriptan
(p
K
i 8)

[2069],zolm
itriptan

(Partialagonist)
(p
K
i 7.7)

[ 1365],vortioxetine
(Partial

agonist)
(p
K
i 7.5)[90],

rizatriptan
(Partialagonist)

(p
K
i

6.9)
[1365]

dihydroergotam
ine

(p
K
i

9.2–9.9)
[684,1084,1091],

ergotam
ine

(p
K
i 9.1)

[616],
L-694,247

(p
K
i 9)

[2052],
naratriptan

(p
K
i 8.4–9)

[432,
1365,1577],zolm

itriptan
(p
K
i

8.9)
[ 1365],frovatriptan

(p
K
i

8.4)
[2069],rizatriptan

(p
K
i

7.9)
[1365]

BRL-54443
(p
K
i 8.7)

[227]
BRL-54443

(p
K
i 8.9)[227],

eletriptan
(p
K
i 8)

[1365],
sum

atriptan
(p
K
i 7.2–7.9)[11,

12,1365,1968]

Selective
agonists

8-O
H
-D

PAT
(p
K
i 8.4–9.4)[406,

685,896,1079,1280,1386,
1388,1389],N

LX
-101

(p
K
i

8.6)[1387]

C
P94253

(p
K
i 8.7)

[976]
PN

U
109291

(p
K
i 9.1)

[483]–
G
orilla, eletriptan

(p
K
i 8.9)

[1365]

–
lasm

iditan
(p
K
i 8.7)

[1375],
LY334370

(p
K
i 8.7)

[1968],
5-BO

D
M
T
(p
K
i 8.4)[966],

LY344864
(p
K
i 8.2)

[1502]

Antagonists
(S)-U

H
301

(p
K
i 7.9)[1386]

–
–

–
–

Selective
antagonists

W
AY-100635

(p
K
i 7.9–9.2)

[1386,1388],robalzotan
(p
K
i

9.2)[872]

SB
224289

(Inverse
agonist)

(p
K
i 8.2–8.6)

[583,1384,
1696],SB236057

(Inverse
agonist)

(p
K
i 8.2)[1272],

G
R-55562

(p
K
B
7.4)[791]

SB
714786

(p
K
i 9.1)

[1987]
–

–
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(continued)

N
om

enclature
5-H

T1A
receptor

5-H
T1B

receptor
5-H

T1D
receptor

5-ht1e
receptor

5-H
T1F

receptor

Labelled
ligands

[ 3
H
]robalzotan

(Antagonist)
(p
K
d
9.8)

[ 861],
[ 3
H
]W

AY100635
(Antagonist)

(p
K
d
9.5)

[933],
[ 3
H
]8-O

H
-D

PAT
(Agonist)(p

K
d

6–9.4)
[156,896,1385,1388],

[ 3
H
]N

LX
-112

(Agonist)(p
K
d

8.9)
[748],[ 11

C
]W

AY100635
(Antagonist)[1915],
p-[ 18

F]M
PPF

(Antagonist)
[368]

[ 3
H
]N

-m
ethyl-AZ10419369

(Agonist,Partialagonist)(p
K
d

9.4)
[1182],[ 3

H
]G

R
125,743

(Selective
Antagonist)(p

K
d

8.6–9.2)
[ 637,2061],

[ 3
H
]alniditan

(Agonist)(p
K
d

8.6–9)
[1084],[ 125

I]G
TI

(Agonist)
(p
K
d
8.9)

[193,232]
–
Rat,[ 3

H
]eletriptan

(Agonist,
Partialagonist)

(p
K
d
8.5)

[1365],[ 3
H
]sum

atriptan
(Agonist,Partialagonist)(p

K
d

8)
[ 1365],[ 11

C
]AZ10419369

(Agonist,Partialagonist)
[1950]

[ 3
H
]eletriptan

(Agonist)(p
K
d

9.1)
[1365],[ 3

H
]alniditan

(Agonist)
(p
K
d
8.8–8.9)

[1084],[ 125
I]G

TI(Selective
Agonist)(p

K
d
8.9)[193,232]–

Rat, [ 3
H
]G

R
125,743

(Selective
Antagonist)(p

K
d
8.6)[2061],

[ 3
H
]sum

atriptan
(Agonist)

(p
K
d
8.2)

[1365]

[ 3
H
]5-H

T
(Agonist)

(p
K
d

8.1–8.2)
[ 1237,1463]

[ 3
H
]LY334370

(Agonist)(p
K
d

9.4)
[1968],[ 125I]LSD

(Agonist)(p
K
d
9)

[44]–
M
ouse

C
om

m
ents

–
W
ang

et
a
l.(2013)

reportX
-ray

structures
w
hich

revealthe
binding

m
odality

of
ergotam

ine
and

dihydroergotam
ine

to
the

5-H
T1B

receptorin
com

parison
w
ith

the
structure

ofthe
5-H

T2B
receptor[1978].

–
–
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N
om

enclature
5-H

T2A
receptor

5-H
T2B

receptor
5-H

T2C
receptor

5-H
T4

receptor

H
G
N
C
,U

niProt
H
T
R
2
A,P28223

H
T
R
2
B,P41595

H
T
R
2
C,P28335

H
T
R
4,Q

13639

Agonists
D
O
I(p

K
i 7.4–9.2)[204,1374,1755]

m
ethysergide

(Partialagonist)(p
K
i

8–9.4)[ 970,1605,1969],D
O
I(p

K
i

7.6–7.7)[1025,1374,1659]

D
O
I(p

K
i 7.2–8.6)[465,1374,1659],

Ro
60-0175

(p
K
i 7.7–8.2)

[953,970]
cisapride

(Partialagonist)
(p
K
i

6.4–7.4)[ 77,128,597,1266,1267,
1941]

Selective
agonists

–
BW

723C
86

(p
K
i 7.3–8.6)

[108,970,
1659],Ro

60-0175
(p
K
i 8.3)

[970]
W
AY-163909

(p
K
i 6.7–8)

[454],
lorcaserin

(p
K
i 7.8)

[1878]
TD

-8954
(p
K
i 9.4)[1250],M

L
10302

(Partialagonist)(p
K
i 7.9–9)

[136,
160,1266,1267,1268],RS67506
(pEC

5
0
8.8)[731]–

Rat,relenopride
(Partialagonist)(p

K
i 8.3)

[607],
velusetrag

(p
K
i 7.7)

[1139,1763],
BIM

U
8
(p
K
i 7.3)

[347]

Antagonists
risperidone

(Inverse
agonist)

(p
K
i

9.3–10)
[ 986,1008,1675],m

ianserin
(p
K
i 7.7–9.6)

[970,1001,1280],
ziprasidone

(p
K
i 8.8–9.5)

[986,1008,
1675,1711],volinanserin

(pIC
5
0

6.5–9.3)
[ 970,1142,1568],

blonanserin
(p
K
i 9.1)[1421],

clozapine
(Inverse

agonist)
(p
K
i

7.6–9)
[ 970,1008,1277,1675,

1943],olanzapine
(p
K
i 8.6–8.9)[986,

1008,1675,1711],nefazodone
(p
K
i

8.2)
[1698],chlorprom

azine
(Inverse

agonist)
(p
K
i 8.1)[ 1008],loxapine

(Inverse
agonist)(p

K
i 8.1)

[1008],
trifluoperazine

(p
K
i 7.9)[1008],

pim
ozide

(p
K
i 7.1–7.7)

[986,1008],
trazodone

(p
K
i 7.4)

[970],haloperidol
(p
K
i 6.7–7.3)

[1008,1277,1675,
1711,1943],m

esoridazine
(p
K
i 7.3)

[ 326],m
irtazapine

(p
K
i 7.2)

[513],
m
irtazapine

(p
K
i 7.2)

[513],
quetiapine

(p
K
i 6.4–7)

[986,1008],
m
olindone

(p
K
i 6.5)

[1008]

m
ianserin

(p
K
i 7.9–8.8)

[180,970,
1969]

m
ianserin

(Inverse
agonist)(p

K
i

8.3–9.2)[ 524,970,1280],
m
ethysergide

(p
K
i 8.6–9.1)[465,

970],ziprasidone
(Inverse

agonist)
(p
K
i 7.9–9)[743,1008,1711],

olanzapine
(Inverse

agonist)
(p
K
i

8.1–8.4)[743,1008,1711],loxapine
(Inverse

agonist)(p
K
i 7.8–8)

[743,
1008],m

irtazapine
(p
K
i 7.4)[513],

m
irtazapine

(p
K
i 7.4)[513],

trazodone
(p
K
i 6.6)

[970],
trifluoperazine

(p
K
i 6.4)

[1008],
agom

elatine
(p
K
i 6.2)

[1276]

–
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(continued)

N
om

enclature
5-H

T2A
receptor

5-H
T2B

receptor
5-H

T2C
receptor

5-H
T4

receptor

Selective
antagonists

ketanserin
(p
K
i 8.1–9.7)

[234,970,
1559],pim

avanserin
(Inverse

agonist)
(p
K
i 9.3)

[572,1943]

BF-1
(p
K
i 10.1)[1671],RS-127445

(p
K
i 9–9.5)

[180,970],EG
IS-7625

(p
K
i 9)

[1001]

FR260010
(p
K
i 9)[700],SB

242084
(p
K
i 8.2–9)[928,970],RS-102221

(p
K
i 8.3–8.4)[181,970]

RS
100235

(p
K
i 8.7–12.2)

[347,
1589],SB

204070
(p
K
i 9.8–10.4)

[128,1266,1267,1941],G
R
113808

(p
K
i 9.3–10.3)[77,128,160,347,

1267,1589,1941]

Labelled
ligands

[ 3
H
]fananserin

(Antagonist)(p
K
d
9.9)

[1188]–
Rat,[ 3

H
]ketanserin

(Antagonist)(p
K
d
8.6–9.7)[970,

1559],[ 11C
]volinanserin

(Antagonist)
[676],[ 18F]altanserin

(Antagonist)
[1601]

[ 3H
]LSD

(Agonist)(p
K
d
8.7)[1559],

[ 3H
]5-H

T
(Agonist)(p

K
d
8.1)[1967]

–
Rat, [ 3

H
]m

esulergine
(Antagonist,

Inverse
agonist)(p

K
d
7.9)[970],

[ 125I]D
O
I(Agonist)(p

K
d
7.7–7.6)

[ 125I]D
O
I(Agonist)(p

K
d
8.7–9)

[524],[ 3
H
]m

esulergine
(Antagonist,

Inverse
agonist)(p

K
d
9.3–8.7)

[524,
1559],[ 3

H
]LSD

(Agonist)

[ 123
I]SB

207710
(Antagonist)(p

K
d

10.1)[228]–
Pig,[ 3

H
]G

R
113808

(Antagonist)(p
K
d
10.3–9.7)

[77,128,
1268,1941],[ 3

H
]RS

57639
(Selective

Antagonist)(p
K
d
9.7)

[179]–
G
uinea

pig,[ 11
C
]SB207145

(Antagonist)
(p
K
d
8.6)[1169]

C
om

m
ents

–
LSD

(lysergic
acid)

and
ergotam

ine
show

a
strong

preference
for

arrestin
recruitm

entoverG
protein

coupling
atthe

5-H
T2B

receptor,w
ith

no
such

preference
evidentat

5-H
T1B

receptors,and
they

also
antagonise

5-H
T7A

receptors
[ 1963].D

H
E

(dihydroergocryptine),pergolide
and

cabergoline
also

show
significant

preference
for

arrestin
recruitm

ent
overG

protein
coupling

at
5-H

T2B
receptors

[ 1963].

The
serotonin

antagonistm
esulergine

w
as

key
to

the
discovery

ofthe
5-H

T2C
receptor[1479].

–

N
om

enclature
5-ht5a

receptor
5-ht5b

receptor
5-H

T6
receptor

5-H
T7

receptor

H
G
N
C
,U

niProt
H
T
R
5
A,P47898

H
T
R
5
BP,–

H
T
R
6,P50406

H
T
R
7,P34969

Selective
agonists

–
–

W
AY-181187

(p
K
i 8.7)[1663],E6801

(Partialagonist)
(p
K
i 8.7)

[769],W
AY-208466

(p
K
i 8.3)

[135],
EM

D
-386088

(pIC
5
0
8.1)[1228]

LP-12
(p
K
i 9.9)[1082],LP-44

(p
K
i 9.7)

[1082],LP-211
(p
K
i 9.2)

[1083]–
Rat,AS-19

(p
K
i 9.2)

[947],E55888
(p
K
i 8.6)

[206]
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(continued)

N
om

enclature
5-ht5a

receptor
5-ht5b

receptor
5-H

T6
receptor

5-H
T7

receptor

Antagonists
–

–
–

lurasidone
(p
K
i 9.3)

[829],pim
ozide

(p
K
i

9.3)
[ 1604]–

Rat,vortioxetine
(p
K
i 6.3)

[90]

Selective
antagonists

SB
699551

(p
K
i 8.2)

[366]
–

SB399885
(p
K
i 9)

[763],SB
271046

(p
K
i

8.9)
[224],cerlapirdine

(p
K
i 8.9)[358],

SB357134
(p
K
i 8.5)[225],Ro

63-0563
(p
K
i 7.9–8.4)

[168,1754]

SB269970
(p
K
i 8.6–8.9)[1874],

SB656104
(p
K
i 8.7)[531],D

R-4004
(p
K
i

8.7)
[615,938],JN

J-18038683
(p
K
i 8.2)

[ 177],SB
258719

(Inverse
agonist)

(p
K
i

7.5)
[1875]

Labelled
ligands

[ 125
I]LSD

(Agonist)
(p
K
d
9.7)[636],

[ 3
H
]5-C

T
(Agonist)(p

K
d
8.6)

[636]
[ 125I]LSD

(Agonist)
(p
K
d
9.3)

[1227]
–
M
ouse, [ 3

H
]5-C

T
(Agonist)[1965]–

M
ouse

[ 11
C
]G

SK215083
(Antagonist)(p

K
i 9.8)

[ 1462],[ 125
I]SB258585

(Selective
Antagonist)(p

K
d
9)

[ 763],[ 3
H
]LSD

(Agonist)
(p
K
d
8.7)

[167],
[ 3
H
]Ro

63-0563
(Antagonist)(p

K
d
8.3)

[168],[ 3
H
]5-C

T
(Agonist)

[ 3
H
]5-C

T
(Agonist)

(p
K
d
9.4)

[1874],
[ 3
H
]5-H

T
(Agonist)

(p
K
d
8.1–9)[93,

1793],[ 3H
]SB269970

(Selective
Antagonist)(p

K
d
8.9)

[ 1874],[ 3H
]LSD

(Agonist)
(p
K
d
8.5–8.6)[1793]

C
o
m

m
e
n
ts:

Tabulated
p
Ki

and
KD

values
refer

to
binding

to
hu-

m
an

5-H
T
receptors

unless
indicated

otherw
ise.

The
nom

enclature
of5-H

T1B /5-H
T1D

receptors
has

been
revised

[ 707].O
nly

the
non-

rodent
form

ofthe
receptor

w
as

previously
called

5-H
T1D

:
the

hu-
m
an

5-H
T1B

receptor(tabulated)displays
a
differentpharm

acology
to

the
rodent

form
s
of

the
receptor

due
to

Thr335
of

the
hum

an

sequence
being

replaced
by

Asn
in

rodent
receptors.

N
AS181

is
a

selective
antagonist

ofthe
rodent

5-H
T1B

receptor.
Fananserin

and
ketanserin

bind
w
ith

high
affinity

to
dopam

ine
D
4
and

histam
ine

H
1

receptors
respectively,

and
ketanserin

is
a
potent

α
1
adrenoceptor

antagonist,in
addition

to
blocking

5-H
T2A

receptors.The
hum

an
5-

ht5A
receptorhas

been
claim

ed
to

couple
to

severalsignaltransduc-
tion

pathw
ays

w
hen

stably
expressed

in
C
6
gliom

a
cells

[ 1404].The

hum
an

orthologue
of

the
m
ouse

5-ht5b
receptor

is
non-functional

due
to

interruption
ofthe

gene
by

stop
codons.The

5-ht1e
receptor

appears
notto

have
been

cloned
from

m
ouse,orrat,im

peding
def-

inition
ofits

function.In
addition

to
the

receptors
listed

in
the

table,
an

’orphan’receptor,unofficially
term

ed
5-H

T1P ,hasbeen
described

[600].

Fu
rth

e
r
R
e
a
d
in
g

Bockaert
J
et
a
l.
(2011)

5-H
T(4)

receptors,a
place

in
the

sun:
act

tw
o.

C
u
rr
O
p
in
Ph
a
rm
a
col

1
1:

87-93
[PM

ID
:21342787]

C
odony

X
et

a
l.

(2011)
5-H

T(6)
receptor

and
cognition.

C
u
rr

O
p
in

Ph
a
rm
a
col

1
1:

94-100
[PM

ID
:21330210]

H
artig

PR
et
a
l.

(1996)
Alignm

ent
of

receptor
nom

enclature
w
ith

the
hum

an
genom

e:
classification

of
5-H

T1B
and

5-H
T1D

receptorsubtypes.
Tren

d
s
Ph
a
rm
a
col.

Sci.
1
7:

103-5
[PM

ID
:8936345]

H
ayes

D
J
et
a
l.(2011)5-H

T
receptors

and
rew

ard-related
behaviour:a

review
.
N
eu
rosciBiob

eh
a
v
R
ev

3
5:

1419-49
[PM

ID
:21402098]

H
oyer

D
et

a
l.

(1994)
International

U
nion

of
Pharm

acology
classification

of
receptors

for
5-

hydroxytryptam
ine

(Serotonin).
Ph
a
rm
a
col.

R
ev.

4
6:

157-203
[PM

ID
:7938165]

Leopoldo
M

et
a
l.

(2011)
Serotonin

5-H
T7

receptor
agents:

Structure-activity
relationships

and
poten-

tial
therapeutic

applications
in

centralnervous
system

disorders.
Ph
a
rm
a
col.

T
h
er.

1
2
9:

120-48
[PM

ID
:20923682]

M
eltzerH

Y
et
a
l.(2011)The

role
ofserotonin

receptorsin
the

action
ofatypicalantipsychotic

drugs.
C
u
rr

O
p
in
Ph
a
rm
a
col1

1:
59-67

[PM
ID

:21420906]

Roberts
AJ

et
a
l.

(2012)
The

5-H
T(7)

receptor
in

learning
and

m
em

ory.
H
ip
p
oca

m
p
u
s
2
2:

762-71
[PM

ID
:21484935]

Sargent
BJ
et
a
l.
(2011)

Targeting
5-H

T
receptors

for
the

treatm
entofobesity.

C
u
rr
O
p
in
Ph
a
rm
a
col

1
1:

52-8
[PM

ID
:21330209]
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A
ce

tylch
o
lin

e
re
ce

p
to
rs

(m
u
sca

rin
ic)

G
protein-coupled

receptors
Acetylcholine

receptors
(m

uscarinic)

O
v
e
r
v
ie
w
:
M
uscarinic

acetylcholine
receptors

(n
o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

M
u
s-

c
a
r
in

ic
A
c
e
ty

lc
h
o
lin

e
R
e
c
e
p
to

r
s

[2
7
5
])

are
G
PC

Rs
of

the
C
lass

A,
rhodopsin-like

fam
ily

w
here

the
endogenous

agonist
is

acetylcholine.
In

addition
to

the
agents

listed
in

the
table,

AC
-42,

its
structural

analogues
AC

-260584
and

77-LH
-28-1,

N
-desm

ethylclozapine,TBPB
and

LuAE51090
have

been
described

as
functionally

selective
agonists

ofthe
M
1
receptor

subtype
via

bind-
ing

in
a
m
ode

distinct
from

that
utilized

by
non-selective

agonists
[ 71,

878,
1040,

1041,
1232,

1635,
1786,

1787,
1825].

There
are

tw
o
pharm

acologically
characterised

allosteric
siteson

m
uscarinic

re-
ceptors,one

defined
by

itbinding
gallam

ine,strychnine
and

brucine,
and

the
other

defined
by

the
binding

of
KT

5720,
W
IN

62,577,
W
IN

51,708
and

staurosporine
[1052,1053].

N
om

enclature
M
1
receptor

M
2
receptor

H
G
N
C
,U

niProt
C
H
R
M
1,P11229

C
H
R
M
2,P08172

Agonists
carbachol(p

K
i 3.2–5.3)

[334,846,2040],pilocarpine
(Partialagonist)

(p
K
i 5.1)[846],

bethanechol(p
K
i 4)

[846]
bethanechol(p

K
i 4)

[846]

Antagonists
glycopyrrolate

(pIC
5
0
9.9)

[1801],um
eclidinium

(p
K
i 9.8)[1035,1632],AE9C

90C
B
(p
K
i

9.7)[1749],propantheline
(p
K
i 9.7)[797],atropine

(p
K
i 8.5–9.6)

[334,552,759,797,
1486,1762],tiotropium

(p
K
i 9.6)

[428],4-D
AM

P
(p
K
i 9.2)

[458],dicyclom
ine

(p
K
i 9.1)

[68],scopolam
ine

(p
K
i 9)

[797],trihexyphenidyl(p
K
i 8.9)[68],tripitram

ine
(p
K
i 8.8)

[1176],U
H
-AH

37
(p
K
i 8.6–8.7)

[609,2012],tolterodine
(p
K
i 8.5–8.7)[609,1749],

oxybutynin
(p
K
i 8.6)

[410,818,1749],darifenacin
(p
K
i 7.5–8.3)

[609,730,759,818,
1749],pirenzepine

(p
K
i 7.8–8.3)

[238,458,730,797,875,2012],solifenacin
(p
K
i 7.6)

[818,1749],AFD
X
384

(p
K
i 7.5)

[458],AQ
-RA

741
(p
K
i 7.2–7.5)

[458,609],
m
ethoctram

ine
(p
K
i 6.6–7.3)[458,493,730,1762],him

bacine
(p
K
i 6.7–7.1)[458,875,

1286],m
uscarinic

toxin
3
(p
K
i 7.1)

[875],otenzepad
(p
K
d
6.2)

[493]

tiotropium
(p
K
i 9.9)

[428],um
eclidinium

(p
K
i 9.8)[1035,1632],propantheline

(p
K
i

9.5)
[797],glycopyrrolate

(Fullagonist)
(pIC

5
0
9.3)

[1801],atropine
(p
K
i 7.8–9.2)

[238,
310,759,797,1002,1373,1486],AE9C

90C
B
(p
K
i 8.6)[1749],tolterodine

(Inverse
agonist)

(p
K
i 8.4–8.6)[609,1373,1749],AQ

-RA
741

(p
K
i 8.4)

[458,609],him
bacine

(p
K
i 7.9–8.4)

[458,875,1002,1286],m
ethoctram

ine
(p
K
i 7.3–8.4)[238,458,493,

730,1002,1373],4-D
AM

P
(p
K
i 8.3)[1002],AFD

X
384

(p
K
i 8.2)

[458],biperiden
(p
K
d

8.2)
[ 173],oxybutynin

(p
K
i 7.7–8.1)

[818,1749],darifenacin
(Inverse

agonist)
(p
K
i

7–7.6)
[609,730,759,818,1373,1749],U

H
-AH

37
(p
K
i 7.3–7.4)

[609,2012],
otenzepad

(p
K
i 6.7–7.2)

[238,1002],solifenacin
(p
K
i 6.9–7.1)

[818,1749],pirenzepine
(p
K
i 6–6.7)

[238,458,730,797,875,1002,1373,2012],VU
0255035

(p
K
i 6.2)

[1717],
m
uscarinic

toxin
3
(p
K
i

6)
[875],guanylpirenzepine

(p
K
i 5.3)[1966]–

Rat,
m
uscarinic

toxin
7
(p
K
i

5)
[1414]

Selective
antagonists

biperiden
(p
K
d
9.3)

[173],VU
0255035

(p
K
i 7.8)

[1717],guanylpirenzepine
(p
K
i

7.3–7.6)[23,1966]–
Rat

tripitram
ine

(p
K
i 9.6)

[1176]

Allosteric
m
odulators

m
uscarinic

toxin
7
(N

egative)(p
K
i 11–11.1)

[1414],benzoquinazolinone
12

(Positive)
(p
K
B
6.6)

[4],KT
5720

(Positive)(p
K
d
6.4)

[1052],brucine
(Positive)(p

K
d
4.5–5.8)

[846,1051],BQ
C
A
(Positive)(p

K
B
4–4.8)

[4,5,261,1161],VU
0029767

(Positive)
[1208],VU

0090157
(Positive)[1208]

W
-84

(N
egative)(p

K
d
6–7.5)

[1299,1908],C
7 /3-phth

(N
egative)(p

K
d
7.1)

[335],
alcuronium

(N
egative)(p

K
d
6.1–6.9)[846,1908],gallam

ine
(N

egative)(p
K
d
5.9–6.3)

[348,1049],LY2119620
(Positive)(p

K
d
5.7)[383,1010],LY2033298

(Positive)(p
K
d

4.4)
[1933]

Labelled
ligands

[ 3H
]Q

N
B
(Antagonist)(p

K
d
10.6–10.8)[336,1486],C

y3B-telenzepine
(Antagonist)

(p
K
d
10.5)

[742],[ 3
H
]N

-m
ethylscopolam

ine
(Antagonist)(p

K
d
9.4–10.3)

[280,334,
336,759,846,847,875,932,1049],[ 3

H
](+)telenzepine

(Antagonist)(p
K
i 9.4)[500]–

Rat, Alexa-488-telenzepine
(Antagonist)(p

K
d
9.3)[742],[ 3H

]pirenzepine
(Antagonist)

(p
K
d
7.9)

[1995],BO
D
IPY-pirenzepine

(Antagonist)(p
K
i 7)

[820],[ 11
C
]butylthio-TZTP

(Agonist)[504 ],[ 11
C
]xanom

eline
(Agonist)

[504 ],
[ 18F](R,R)-quinuclidinyl-4-fluorom

ethyl-benzilate
(Antagonist)[935]–

Rat

[ 3
H
]Q

N
B
(Antagonist)(p

K
d
10.1–10.6)[1486],C

y3B-telenzepine
(Antagonist)(p

K
i

10.4)
[1380],[ 3

H
]tiotropium

(Antagonist)(p
K
d
10.3)[1632],

[ 3
H
]N

-m
ethylscopolam

ine
(Antagonist)(p

K
d
9.3–9.9)[280,310,759,846,847,875,

932,1049,1985],Alexa-488-telenzepine
(Antagonist)(p

K
i 8.8)

[1380],
[ 3
H
]acetylcholine

(Agonist)(p
K
d
8.8)[1050],[ 3

H
]oxotrem

orine-M
(Agonist)

(p
K
d
8.7)

[137],[ 3
H
]dim

ethyl-W
84

(Allosteric
m
odulator,Positive)(p

K
d
8.5)[1908],[ 18F]FP-TZTP

(Agonist)
[845]–

M
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N
om

enclature
M
3
receptor

M
4
receptor

M
5
receptor

H
G
N
C
,U

niProt
C
H
R
M
3,P20309

C
H
R
M
4,P08173

C
H
R
M
5,P08912

Agonists
pilocarpine

(Partialagonist)
(p
K
i 5.1)[846],carbachol

(p
K
i 4–4.4)[310,846,2040],bethanechol(p

K
i 4.2)

[846]

pilocarpine
(Partialagonist)

(p
K
i 5.2)

[846],carbachol
(p
K
i 4.3–4.9)

[846,2040],bethanechol(p
K
i 4)

[846]
pilocarpine

(Partialagonist)(p
K
i 5)

[639],carbachol
(p
K
i 4.9)

[2040]

Antagonists
tiotropium

(p
K
i 9.5–11.1)[428,442],um

eclidinium
(p
K
i 10.2)[1035,1632],propantheline

(p
K
i 10)

[797],
AE9C

90C
B
(p
K
i 9.9)

[1749],atropine
(p
K
i 8.9–9.8)

[ 238,442,759,797,1486,1762],ipratropium
(p
K
i

9.3–9.8)[442,759],aclidinium
(pIC

5
0
9.8)

[1530],
clidinium

(p
K
i 9.6)

[442],glycopyrrolate
(pIC

5
0
9.6)

[1801],4-D
AM

P
(p
K
i 9.3)

[458],darifenacin
(p
K
i

8.6–9.1)[ 609,730,759,818,1749],dicyclom
ine

(p
K
i

9)
[68],oxybutynin

(p
K
i 8.8–8.9)

[410,818,1749],
tolterodine

(p
K
i 8.4–8.5)

[609,1749],biperiden
(p
K
d

8.4)[ 173],U
H
-AH

37
(p
K
i 8.1–8.2)

[609,2012],
solifenacin

(p
K
i 7.7–8)

[818,1749],tropicam
ide

(p
K
i

7.5)[68],AQ
-RA

741
(p
K
i 7.2–7.3)[458,609],

AFD
X
384

(p
K
i 7.2)[458],him

bacine
(p
K
i 6.9–7.2)

[458,875,1286],m
ethoctram

ine
(p
K
i 6.1–6.9)[238,

458,493,730,1762],tripitram
ine

(p
K
i 6.8)

[1288],
pirenzepine

(p
K
i 6.5–6.8)

[238,458,730,797,875,
2012],guanylpirenzepine

(p
K
i 6.2)[1966]–

Rat,
VU

0255035
(p
K
i 6.1)

[1717],otenzepad
(p
K
i 6.1)

[238],m
uscarinic

toxin
3
(p
K
i

6)
[875],

m
uscarinic

toxin
7
(p
K
i

5)[1414]

um
eclidinium

(p
K
i 10.3)[1632],glycopyrrolate

(pIC
5
0

9.8)[1801],AE9C
90C

B
(p
K
i 9.5)

[1749],4-D
AM

P
(p
K
i

8.9)[458],oxybutynin
(p
K
i 8.7)[1749],biperiden

(p
K
d
8.6)

[173],U
H
-AH

37
(p
K
i 8.3–8.4)[609,2012],

tolterodine
(p
K
i 8.3–8.4)[609,1749],AQ

-RA
741

(p
K
i

7.8–8.2)[458,609],him
bacine

(p
K
i 7.9–8.2)[458,

875,1286],darifenacin
(p
K
i 7.3–8.1)[609,730,759,

1749],AFD
X
384

(p
K
i 8)

[458],tripitram
ine

(p
K
i 7.9)

[1288],pirenzepine
(p
K
i 7–7.6)

[458,730,797,875,
2012],m

ethoctram
ine

(p
K
i 6.6–7.5)[238,458,493,

730],otenzepad
(p
K
d
7)[493],solifenacin

(p
K
i 6.8)

[1749],guanylpirenzepine
(p
K
i 6.2)

[1966]–
Rat,

VU
0255035

(p
K
i 5.9)[1717],m

uscarinic
toxin

7
(p
K
i

5)[1414]

um
eclidinium

(p
K
i 9.9)

[1632],glycopyrrolate
(pIC

5
0

9.7)
[1801],AE9C

90C
B
(p
K
i 9.5)

[1749],4-D
AM

P
(p
K
i

9)
[458],tolterodine

(p
K
i 8.5–8.8)[609,1749],

darifenacin
(p
K
i 7.9–8.6)[609,730,759,1749],

U
H
-AH

37
(p
K
i 8.3)

[609,2012],biperiden
(p
K
d
8.2)

[173],oxybutynin
(p
K
i 7.9)

[1749],AQ
-RA

741
(p
K
i

6.1–7.8)
[458,609],tripitram

ine
(p
K
i 7.5)

[1176],
m
ethoctram

ine
(p
K
i 6.3–7.2)

[238,458,493,730],
solifenacin

(p
K
i 7.2)[1749],pirenzepine

(p
K
i 6.8–7.1)

[730,875,2012],guanylpirenzepine
(p
K
d
6.8)

[514]–
U
nknow

n, him
bacine

(p
K
i 5.4–6.5)

[458,875,1286],
AFD

X
384

(p
K
i 6.3)[458],m

uscarinic
toxin

3
(p
K
i

6)
[875],otenzepad

(p
K
i 5.6)[238],m

uscarinic
toxin

7
(p
K
i

5)
[1414]

Selective
antagonists

–
–

M
L381

(p
K
i 6.3)

[593]

Allosteric
m
odulators

W
IN

62,577
(Positive)(p

K
d
5.1)

[1053],
N
-chlorom

ethyl-brucine
(Positive)(p

K
d
3.3)

[1051]
m
uscarinic

toxin
3
(N

egative)(p
K
i 8.7)

[875,1444],
LY2119620

(Positive)(p
K
d
5.7)[383],thiochrom

e
(Positive)(p

K
d
4)

[1050],LY2033298
(Positive)[286],

VU
0152099

(Positive)[201],VU
0152100

(Positive)
[ 201]

M
L380

(Positive)(pEC
5
0
6.7)

[595]

Selective
allosteric
m
odulators

–
–

M
L375

(N
egative)(pIC

5
0
6.5)

[594]

Labelled
ligands

[ 3
H
]tiotropium

(Antagonist)(p
K
d
10.7)[1632],

[ 3
H
]Q

N
B
(Antagonist)(p

K
d
10.4)

[1486],
[ 3
H
]N

-m
ethylscopolam

ine
(Antagonist)(p

K
d

9.7–10.2)[ 280,310,759,797,846,875,932,1049],
[ 3
H
]darifenacin

(Antagonist)(p
K
d
9.5)

[1762]

[ 3H
]Q

N
B
(Antagonist)(p

K
d
9.7–10.5)

[336,1486],
[ 3H

]N
-m

ethylscopolam
ine

(Antagonist)(p
K
d

9.9–10.2)[280,310,336,759,846,875,932,1049,
1444,1985],[ 3

H
]acetylcholine

(Agonist)(p
K
d
8.2)

[1050]

[ 3
H
]Q

N
B
(Antagonist)(p

K
d
10.2–10.7),

[ 3
H
]N

-m
ethylscopolam

ine
(Antagonist)(p

K
d
9.3–9.7)

[280,310,759,875,932,1985]
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C
o
m

m
e
n
ts:

LY2033298
and

BQ
C
A
have

also
been

show
n
to

di-
rectly

activate
the

M
4

and
M
1

receptors,
respectively,

via
an

al-
losteric

site
[ 1059,

1060,
1366,

1367].
The

allosteric
site

for
gallam

ine
and

strychnine
on

M
2

receptors
can

be
labelled

by
[ 3
H
]dim

ethyl-W
84

[1908].
M
cN

-A-343
is

a
functionally

selective
partialagonist

that
appears

to
interact

in
a
bitopic

m
ode

w
ith

both
the

orthosteric
and

an
allosteric

site
on

the
M
2

m
uscarinic

recep-

tor
[1934].

TH
RX

160209,
hybrid

1
and

hybrid
2,

are
m
ultivalent

(bitopic)
ligands

that
also

achieve
selectivity

for
M
2

receptors
by

binding
both

to
the

orthosteric
and

a
nearby

allosteric
site

[ 52,
1796].
Although

num
erous

ligands
for

m
uscarinic

acetylcholine
receptors

have
been

described,relatively
few

selective
antagonists

have
been

described,
so

it
is

com
m
on

to
assess

the
rank

order
of

affinity

of
a

num
ber

of
antagonists

of
lim

ited
selectivity

(e.g
.

4-D
AM

P,
darifenacin,pirenzepine)in

orderto
identify

the
involvem

entofpar-
ticular

subtypes.
It
should

be
noted

that
the

m
easured

affinities
of

antagonists(and
agonists)in

radioligand
binding

studiesare
sensitive

to
ionic

strength
and

can
increase

over10-fold
atlow

ionic
strength

com
pared

to
its

value
at

physiologicalionic
strengths

[ 151].

Fu
rth

e
r
R
e
a
d
in
g

C
aulfield

M
P
et
a
l.(1998)InternationalU

nion
ofPharm

acology.X
VII.C

lassification
ofm

uscarinic
acetyl-

choline
receptors.

Ph
a
rm
a
col.

R
ev.

5
0:279-290

[PM
ID

:9647869]

Eglen
RM

.
(2012)

O
verview

of
m
uscarinic

receptor
subtypes.

H
a
n
d
b

Exp
Ph
a
rm
a
col

3-28
[PM

ID
:22222692]

G
regory

KJet
a
l.(2007)Allosteric

m
odulation

ofm
uscarinic

acetylcholine
receptors.

C
u
rr
N
eu
rop

h
a
rm
a
col

5:157-67
[PM

ID
:19305798]

Kruse
AC

et
a
l.

(2014)
M
uscarinic

acetylcholine
receptors:

novelopportunities
for

drug
developm

ent.
N
a
t
R
ev
D
ru
g
D
iscov

1
3:549-60

[PM
ID

:24903776]

Leach
K
et
a
l.
(2012)

Structure-function
studies

ofm
uscarinic

acetylcholine
receptors.

H
a
n
d
b
Exp

Ph
a
r-

m
a
col29-48

[PM
ID

:22222693]
ValantC

et
a
l.(2012)The

bestofboth
w
orlds?

Bitopic
orthosteric/allosteric

ligands
ofg

protein-coupled
receptors.

A
n
n
u
.
R
ev.

Ph
a
rm
a
col.

Toxicol.
5
2:153-78

[PM
ID

:21910627]

A
d
e
n
o
sin

e
re
ce

p
to
rs

G
protein-coupled

receptors
Adenosine

receptors

O
v
e
r
v
ie
w
:Adenosine

receptors(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

A
d
e
n
o
sin

e
R
e
c
e
p
to

r
s
[5

4
1
])are

activated
by

the
endogenousligand

adenosine
(potentially

inosine
also

at
A3

receptors).C
rystalstructures

for
the

antagonist-bound
and

agonist-bound
A2A

adenosine
receptors

have
been

described
[835,2065].
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N
om

enclature
A1

receptor
A2A

receptor
A2B

receptor
A3

receptor

H
G
N
C
,U

niProt
A
D
O
R
A
1,P30542

A
D
O
R
A
2
A,P29274

A
D
O
R
A
2
B,P29275

A
D
O
R
A
3,P0D

M
S8

Agonists
cyclopentyladenosine

(p
K
i 6.5–9.4)

[ 388,570,736,839,870,1592,2141]
–

–
–

(Sub)fam
ily-

selective
agonists

N
EC

A
(p
K
i 5.3–8.2)

[570,870,1592,
1903,2077]

N
EC

A
(p
K
i 6.9–8.7)

[189,427,570,
943,1021,2077]

N
EC

A
(p
K
i 5.7–6.9)[146,189,862,

1113,1798,1945,2077]
N
EC

A
(p
K
i 7.5–8.4)[189,570,840,

1634,1946,2077]

Selective
agonists

5-C
l-5-deoxy-(

)-EN
BA

(p
K
i 9.3)[536],

G
R79236

(p
K
i 8.5)[839]–

Rat,C
C
PA

(p
K
i 7.7–8.1)

[839,1419]

apadenoson
(p
K
i 9.3)

[1481],
U
K-432,097

(p
K
i 8.3)[2065],

C
G
S
21680

(p
K
i 6.7–8.1)

[189,427,
570,839,943,968,1021,1419],
regadenoson

(p
K
i 6.5)

[839]

BAY
60-6583

(p
K
i 8–8.5)[460]

IB-M
EC

A
(p
K
i 8.7–9.2)

[511,561,968,
1946],C

l-IB-M
EC

A
(p
K
i 8–8.9)

[202,
840,941],M

RS5698
(p
K
i 8.5)

[1898]

Antagonists
caffeine

(p
K
i 4.3–5)

[6,409,838]
SC

H
58261

(p
K
i 8.3–9.2)

[427,1021,
1445],theophylline

(p
K
i 5.2–5.8)

[427,
838,968,1945],caffeine

(p
K
i 4.6–5.6)

[6,838,1021]

theophylline
(p
K
i 4.1–5)

[141,511,944,
1945],caffeine

(p
K
i 4.5–5)

[141,188,
944]

caffeine
(p
K
i 4.9)

[838]

(Sub)fam
ily-

selective
antagonists

C
G
S
15943

(p
K
i 8.5)

[1445],
xanthine

am
ine

congener(p
K
d
7.5)

[536]

C
G
S
15943

(p
K
i 7.7–9.4)

[427,943,
968,1445],xanthine

am
ine

congener
(p
K
i 8.4–9)[427,968]

xanthine
am

ine
congener(p

K
i 6.9–8.8)

[146,862,863,968,1113,1798],
C
G
S
15943

(p
K
i 6–8.1)

[65,862,863,
968,1445,1798]

C
G
S
15943

(p
K
i 7–7.9)[949,968,

1445,1946],xanthine
am

ine
congener

(p
K
i 7–7.4)

[968,1634,1946]

Selective
antagonists

PSB36
(p
K
i 9.9)

[6]–
Rat,D

PC
PX

(p
K
i

7.4–9.2)[826,1419,1592,2015,2141],
derenofylline

(p
K
i 9)

[897],W
RC

-0571
(p
K
i 8.8)

[1210]

SC
H
442416

(p
K
i 8.4–10.3)[1728,

1891],ZM
-241385

(p
K
i 8.8–9.1)

[1445]
PSB-0788

(p
K
i 9.4)

[188],PSB603
(p
K
i

9.3)
[188],M

RS1754
(p
K
i 8.8)

[862,
948],PSB1115

(p
K
i 7.3)

[723]

M
RS1220

(p
K
i 8.2–9.2)[840,949,

1818,2090],VU
F5574

(p
K
i 8.4)

[2143],
M
RS1523

(p
K
i 7.7)[1092],M

RS1191
(p
K
i 7.5)

[840,866,1097]

Labelled
ligands

[ 3H
]C

C
PA

(Agonist)
(p
K
d
9.2)

[968,
1592],[ 3

H
]D

PC
PX

(Antagonist)(p
K
d

8.4–9.2)[388,511,968,1445,1592,
1903]

[ 3
H
]ZM

241385
(Antagonist)(p

K
d

8.7–9.1)[36,569],[ 3
H
]C

G
S
21680

(Agonist)(p
K
d
7.7–7.8)[852,1976]

[ 3
H
]M

RS1754
(Antagonist)(p

K
d
8.8)

[862]
[ 125

I]AB-M
EC

A
(Agonist)(p

K
d
9–9.1)

[1445,1946]

C
o
m

m
e
n
ts:Adenosine

inhibitsm
any

intracellularATP-utilising
en-

zym
es,

including
adenylylcyclase

(P-site).
A
pseudogene

exists
for

the
A2B

adenosine
receptor( A

D
O
R
A
2
BP1)

w
ith

79%
identity

to
the

A2B
adenosine

receptorcD
N
A
coding

sequence,butw
hich

isunable
to

encode
a
functionalreceptor[841].

D
PC

PX
also

exhibits
antago-

nism
atA2B

receptors(p
Ki ca.7,[ 34,968]).AntagonistsatA3

recep-

torsexhibitm
arked

speciesdifferences,such
thatonly

M
RS1523

and
M
RS1191

are
selective

atthe
ratA3

receptor.In
the

absence
ofother

adenosine
receptors,

[ 3
H
]D

PC
PX

and
[ 3
H
]ZM

241385
can

also
be

used
to

label
A2B

receptors
(KD

ca.
30

and
60

nM
respectively).

[ 125
I]AB-M

EC
A
also

binds
to

A1
receptors[968].[ 3

H
]C

G
S
21680

is
relatively

selective
forA2A

receptors,butm
ay

also
bind

to
othersites

in
cerebralcortex

[384,871].[ 3
H
]N

EC
A
bindsto

othernon-receptor
elem

ents,
w
hich

also
recognise

adenosine
[1143].

X
AC

-BY630
has

been
described

as
a
fluorescent

antagonist
for

labelling
A1

adeno-
sine

receptors
in

living
cells,although

activity
atotheradenosine

re-
ceptors

w
as

notexam
ined

[ 212].
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BB

et
a
l.(2011)InternationalU

nion
ofBasic

and
C
linicalPharm

acology.LX
X
X
I.N

om
enclature

and
classification

ofadenosine
receptors–an

update.
Ph
a
rm
a
col.

R
ev.

6
3:

1-34
[PM

ID
:21303899]

G
öblyös

A
et
a
l.

(2011)
Allosteric

m
odulation

of
adenosine

receptors.
Bioch

im
.
Biop

h
ys.

A
cta

1
8
0
8:

1309-18
[PM

ID
:20599682]

H
eadrick

JP
et
a
l.(2011)Adenosine

and
its

receptors
in

the
heart:regulation,retaliation

and
adaptation.

Bioch
im
.
Biop

h
ys.

A
cta

1
8
0
8:

1413-28
[PM

ID
:21094127]

Lasley
RD

.
(2011)

Adenosine
receptors

and
m
em

brane
m
icrodom

ains.
Bioch

im
.
Biop

h
ys.

A
cta

1
8
0
8:

1284-9
[PM

ID
:20888790]

M
undellS

et
a
l.(2011)

Adenosine
receptordesensitization

and
trafficking.

Bioch
im
.
Biop

h
ys.

A
cta

1
8
0
8:

1319-28
[PM

ID
:20550943]

Ponnoth
D
S
et
a
l.
(2011)

Adenosine
receptors

and
vascular

inflam
m
ation.

Bioch
im
.
Biop

h
ys.

A
cta

1
8
0
8:

1429-34
[PM

ID
:20832387]

W
eiC

Jet
a
l.(2011)N

orm
aland

abnorm
alfunctionsofadenosine

receptorsin
the

centralnervoussystem
revealed

by
genetic

knockoutstudies.
Bioch

im
.
Biop

h
ys.

A
cta

1
8
0
8:

1358-79
[PM

ID
:21185258]

A
d
h
e
sio

n
C
la
ss

G
P
C
R
s

G
protein-coupled

receptors
Adhesion

C
lass

G
PC

Rs

O
v
e
r
v
ie
w
:Adhesion

G
PC

Rs
are

structurally
identified

on
the

basis
ofa

large
extracellularregion,sim

ilarto
the

C
lass

B
G
PC

R,butw
hich

is
linked

to
the

7TM
region

by
a
"stalk"

m
otifcontaining

a
G
PC

R
proteolytic

site.
The

N
-term

inus
often

shares
structuralhom

ology
w
ith

proteins
such

as
lectins

and
im

m
unoglobulins,

leading
to

the
term

adhesion
G
PC

R
[ 543,

2097].
T
h
e
n
o
m

e
n
c
la

tu
r
e
o
f
th

e
se

r
e
c
e
p
to

r
s
w
a
s

r
e
v
ise

d
in

2
0
1
5
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y
N
C
-IU

P
H
A
R

a
n
d

th
e
A
d
h
e
sio

n
G
P
C
R

C
o
n
so

r
tiu

m
[683].
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R
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Endogenous
agonists

–
–

–
phosphatidylserine

[1461]
–

C
om

m
ents

–
–

–
AD

G
RB1

is
reported

to
respond

to
phosphatidylserine

[1461].
–
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R
B3,O

60242
C
ELSR

1,Q
9N

YQ
6

C
ELSR

2,Q
9H

C
U
4

C
ELSR

3,Q
9N

YQ
7

A
D
G
R
D
1,Q

6Q
N
K2

N
om

enclature
AD

G
RD

2
AD

G
RE1

AD
G
RE2

AD
G
RE3

AD
G
RE4P

H
G
N
C
,U

niProt
A
D
G
R
D
2,Q

7Z7M
1

A
D
G
R
E1,Q

14246
A
D
G
R
E2,Q

9U
H
X
3

A
D
G
R
E3,Q

9BY15
A
D
G
R
E4
P,Q

86SQ
3

S
e
a
rc
h
a
b
le

d
a
ta
b
a
se

:
h
ttp

:/
/
w
w
w
.g
u
id
e
to
p
h
a
rm

a
c
o
lo
g
y.o

rg
/
in
d
e
x
.jsp

A
d
h
e
sio

n
C
la
ss

G
P
C
R
s

5
7
6
8

F
u
ll
C
o
n
te
n
ts

o
f
C
o
n
c
ise

G
u
id
e
:
h
ttp

:/
/
o
n
lin

e
lib

ra
ry.w

ile
y.c

o
m
/
d
o
i/
1
0
.1
1
1
1
/
b
p
h
.1
3
3
4
8
/
fu
ll



S
.P.H

.
A
lexand

er
et
al.

T
he

C
o
ncise

G
uid

e
to

P
H
A
R
M
A
C
O
LO

G
Y
2
0
1
5
/1

6
:
G
p
ro
tein-co

up
led

recep
to
rs.

B
ritish

Jo
urnalo

f
P
harm

aco
lo
g
y
(2
0
1
5
)
1
7
2
,
5
7
4
4
–5

8
6
9

N
om

enclature
AD

G
RE5

AD
G
RF1

AD
G
RF2
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niProt
A
D
G
R
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A
D
G
R
F1,Q
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A
D
G
R
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8IZF7
A
D
G
R
F3,Q

8IZF5
A
D
G
R
F4,Q

8IZF3

N
om

enclature
AD

G
RF5

AD
G
RG

1
AD

G
RG

2
AD

G
RG

3
AD

G
RG

4

H
G
N
C
,U

niProt
A
D
G
R
F5,Q

8IZF2
A
D
G
R
G
1,Q

9Y653
A
D
G
R
G
2,Q

8IZP9
A
D
G
R
G
3,Q

86Y34
A
D
G
R
G
4,Q

8IZF6

C
om

m
ents

–
Reported

to
bind

tissue
transglutam

inase
2
[ 2066]and

collagen,w
hich

activates
the

G
12/13

pathw
ay

[1155].

–
–

–
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om

enclature
AD

G
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G
RG

6
AD

G
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7
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G
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H
G
N
C
,U

niProt
A
D
G
R
G
5,Q

8IZF4
A
D
G
R
G
6,Q

86SQ
4

A
D
G
R
G
7,Q

96K78
A
D
G
R
L1,O
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N
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enclature
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G
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G
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G
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G
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H
G
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C
,U

niProt
A
D
G
R
L2,O

95490
A
D
G
R
L3,Q

9H
AR2

A
D
G
R
L4,Q

9H
BW

9
A
D
G
R
V
1,Q

8W
X
G
9

C
om

m
ents

–
–

–
Loss-of-function

m
utations

are
associated

w
ith

U
shersyndrom

e,a
sensory

deficit
disorder

[843].
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o
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p
to
rs

G
protein-coupled

receptors
Adrenoceptors

O
v
e
r
v
ie
w
:

A
d
r
e
n
o
c
e
p
to

r
s,

α
1

α1
-Adrenoceptors

(n
o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

A
d
r
e
n
o
c
e
p
to

r
s

[2
4
8
],

se
e

a
lso

[7
5
2
])

are
activated

by
the

endogenous
ago-

nists
(-)-adrenaline

and
(-)-noradrenaline

w
ith

equal
potency.

Phenylephrine,
m
ethoxam

ine
and

cirazoline
are

agonists
selec-

tive
for

α1
-adrenoceptors

relative
to

α
2
-adrenoceptors,

w
hile

prazosin
(8.5-10.5)and

corynanthine
(6.5-7.5)are

antagonists
con-

sidered
selective

for
α
1
-adrenoceptorsrelative

to
α2

-adrenoceptors.
[ 3
H
]prazosin

(0.25
nM

)
and

[ 125
I]H

EAT
(0.1

nM
;
also

know
n

as
BE2254)are

relatively
selective

radioligands.The
α1A

-adrenoceptor
antagonist

S(+)-niguldipine
also

has
high

affinity
for

L-type
C
a 2+

channels.
The

conotoxin
rho-TIA

acts
as

a
negative

allosteric
m
od-

ulator
at

the
α1B

-adrenoceptor
[ 1716],

w
hile

the
snake

toxin
-D

a1a
acts

as
a
selective

non-com
petitive

antagonist
at

the
α
1A

-
adrenoceptor

[ 1236,
1548].

Fluorescent
derivatives

of
prazosin

(Bodipy
PL-prazosin-Q

APB)
are

increasingly
used

to
exam

ine
cellu-

lar
localisation

of
α
1
-adrenoceptors.

The
vasoconstrictor

effects
of

selective
α1-adrenoceptoragonists

have
led

to
theiruse

as
nasalde-

congestants;antagonists
are

used
to

treathypertension
(doxazosin,

prazosin)
and

benign
prostatic

hyperplasia
(alfuzosin,

tam
sulosin).

The
com

bined
α1

-
and

β2
-adrenoceptor

antagonist
carvedilol

is
w
idely

used
to

treat
congestive

heart
failure,

although
the

contri-
bution

of
α1

-adrenoceptor
blockade

to
the

therapeutic
effect

is
unclear.

Severalanti-depressants
and

anti-psychotic
drugs

possess
α
1
-adrenoceptorblocking

propertiesthatare
believed

to
contribute

to
side

effects
such

as
orthostatic

hypotension
and

extrapyram
i-

daleffects.

N
om

enclature
α1A

-adrenoceptor
α
1B -adrenoceptor

α1D
-adrenoceptor

H
G
N
C
,U

niProt
A
D
R
A
1
A,P35348

A
D
R
A
1
B,P35368

A
D
R
A
1
D
,P25100

Endogenous
agonists

–
–

(-)-adrenaline
(p
K
i 7.2)

[1722]

Agonists
oxym

etazoline
(p
K
i 8–8.2)

[780,1420,1722,1862],
phenylephrine

(p
K
i 5.2–5.4)[1862],m

ethoxam
ine

(p
K
i

5–5.2)[ 1722,1862]

phenylephrine
(pIC

5
0
6.3–7.5)[532,1289]

–

Selective
agonists

A61603
(pIC

5
0
7.8–8.4)

[532,969],dabuzalgron
(p
K
i 7.4)

[162]
–

–

Antagonists
prazosin

(Inverse
agonist)(p

K
i 9–9.9)

[289,389,532,
1722,2029],doxazosin

(p
K
i 9.3)

[689],terazosin
(p
K
i

8.7)[1263],phentolam
ine

(p
K
i 8.6)[1722],alfuzosin

(p
K
i

8.1)[750]

prazosin
(Inverse

agonist)(p
K
i 9.6–9.9)[532,1722,2029],

tam
sulosin

(Inverse
agonist)

(p
K
i 9.5–9.7)[532,1722,

2029],doxazosin
(p
K
i 9.1)[689],alfuzosin

(p
K
i 8.6)[751],

terazosin
(p
K
i 8.6)

[1263],phentolam
ine

(p
K
i 7.5)

[1722]

prazosin
(Inverse

agonist)
(p
K
i 9.5–10.2)

[532,
1722,2029],tam

sulosin
(p
K
i 9.8–10.2)[532,1722,

2029],doxazosin
(p
K
i 9.1)

[689],terazosin
(p
K
i

9.1)
[1263],alfuzosin

(p
K
i 8.4)

[750],dapiprazole
(p
K
i 8.4)[68],phentolam

ine
(Inverse

agonist)
(p
K
i

8.2)
[1722],RS-100329

(p
K
i 7.9)[2029],labetalol

(p
K
i 6.6)[68]

Selective
antagonists

tam
sulosin

(p
K
i 10–10.7)

[289,389,532,1722,2029],
silodosin

(p
K
i 10.4)[1722],S(+)-niguldipine

(p
K
i 9.1–10)

[532,1722],RS-100329
(p
K
i 9.6)

[2029],SN
AP5089

(p
K
i

8.8–9.4)[750,1081,2014],
-D

a1a
(p
K
i 9.2–9.3)[1236,

1548],RS-17053
(p
K
i 9.2–9.3)[289,389,529,532]

Rec
15/2615

(p
K
i 9.5)

[1867],L-765314
(p
K
i 7.7)[1470],

AH
11110

(p
K
i 7.5)[1652]

BM
Y-7378

(p
K
i 8.7–9.1)[268,2102]
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α2
-Adrenoceptors

(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

A
d
r
e
n
o
c
e
p
to

r
s;

[2
4
8
])

are
activated

by
endogenous

agonists
w
ith

a
relative

potency
of

(-)-adrenaline
(-)-noradrenaline.

Brim
onidine

and
talipexole

are
agonists

selective
for

α2
-adrenoceptorsrelative

to
α1

-adrenoceptors, rauw
olscine

and
yohim

bine
are

antagonists
selective

for
α2

-adrenoceptors
relative

to
α1

-adrenoceptors.
[ 3
H
]rauw

olscine
(1

nM
),[ 3

H
]brim

onidine
(5

nM
)
and

[ 3
H
]RX

821002
(0.5

nM
and

0.1
nM

at
α
2C

)
are

relatively
selective

radioligands.
There

is
species

variation
in

the
pharm

acol-
ogy

ofthe
α2A

-adrenoceptor;for
exam

ple,yohim
bine,rauw

olscine
and

oxym
etazoline

have
an

20-fold
higher

affinity
for

the
hum

an
α2A

-adrenoceptor
com

pared
to

the
rat,

m
ouse

and
bovine

recep-

tor.
These

α2A
orthologues

are
som

etim
es

referred
to

as
α2D

-
adrenoceptors.

M
ultiple

m
utations

of
α2

-adrenoceptors
have

been
described,som

e
ofw

hich
are

associated
w
ith

alterationsin
function.

Presynaptic
α2

-adrenoceptorsare
w
idespread

in
the

nervoussystem
and

regulate
m
any

functions,hence
the

m
ultiplicity

ofactions.
The

effects
ofclassical(not

subtype
selective)

α2
-adrenoceptor

agonists
such

as
clonidine,

guanabenz
and

brim
onidine

on
central

barore-
flex

control(hypotension
and

bradycardia),
as

w
ell

as
their

ability
to

induce
hypnotic

effects
and

analgesia,and
theirability

to
m
odu-

late
seizure

activity
and

platelet
aggregation

are
m
ediated

by
α
2A

-
adrenoceptors.C

lonidine
hasbeen

used
as

an
anti-hypertensive

and
also

to
counteractopioid

w
ithdraw

al.Actions
on

im
idazoline

recog-
nition

sites
m
ay

contribute
to

the
pharm

acologicaleffects
of

cloni-

dine.
α2

-Adrenoceptor
agonists

such
as

dexm
edetom

idine
have

been
w
idely

used
as

sedatives
and

analgesics
in

veterinary
m
edicine

(also
xylazine)and

are
now

used
frequently

in
hum

ans.D
exm

edeto-
m
idine

also
has

analgesic,
sym

patholytic
and

anxiolytic
properties

butis
notable

forthe
production

ofsedation
w
ithoutrespiratory

de-
pression.

α
2
-Adrenoceptorantagonists

are
relatively

little
used

ther-
apeutically

although
yohim

bine
has

been
used

to
treat

erectile
dys-

function
and

severalanti-depressants
(e.g.

M
irtazapine)

that
block

α
2
-adrenoceptors

m
ay

w
ork

through
this

m
echanism

.
The

roles
of

α
2B

and
α2C

-adrenoceptors
are

less
clear

but
the

α
2B

subtype
ap-

pearsto
be

involved
in

neurotransm
ission

in
the

spinalcord
and

α2C
in

regulating
catecholam

ine
release

from
adrenalchrom

affin
cells.

N
om

enclature
α2A

-adrenoceptor
α2B

-adrenoceptor
α2C

-adrenoceptor

H
G
N
C
,U

niProt
A
D
R
A
2
A,P08913

A
D
R
A
2
B,P18089

A
D
R
A
2
C,P18825

Endogenous
agonists

(-)-adrenaline
(p
K
i 5.6–8.3)[854,1503]

(-)-noradrenaline
(Partialagonist)(p

K
i 5.6–9.1)[854,1484,

1503]
(-)-noradrenaline

(p
K
i 5.9–8.7)[854,1484,1503]

Agonists
dexm

edetom
idine

(Partialagonist)(p
K
i 7.6–9.6)

[854,
1163,1484,1503],clonidine

(Partialagonist)
(p
K
i 7.2–9.2)

[854,1484,1503],brim
onidine

(p
K
i 6.7–8.7)[854,1163,

1484,1503],apraclonidine
(p
K
i 8.5)

[1343],guanabenz
(pIC

5
0
7.4)

[68],guanfacine
(Partialagonist)

(p
K
i 7.1–7.3)

[ 854,1165]

dexm
edetom

idine
(p
K
i 7.5–9.7)

[854,1163,1484,1503],
clonidine

(Partialagonist)(p
K
i 6.7–9.5)

[854,1484,1503],
brim

onidine
(Partialagonist)(p

K
i 6–8.3)[854,1484,1503],

guanabenz
(pIC

5
0
6.8)[68],guanfacine

(p
K
i 5.8–6.5)[854]

dexm
edetom

idine
(p
K
i 7–9.3)[854,1484,1503],

brim
onidine

(Partialagonist)(p
K
i 5.7–7.6)

[854,
1163,1484,1503],apraclonidine

(p
K
i 7.5)[1343],

guanfacine
(Partialagonist)

(p
K
i 5.4–6.2)[854],

guanabenz
(pIC

5
0
6)

[68]

Selective
agonists

oxym
etazoline

(Partialagonist)
(p
K
i 8–8.6)

[854,1163,
1922]

–
–

Antagonists
yohim

bine
(p
K
i 8.5–9.5)[247,416,1922],W

B
4101

(p
K
i

8.4–9.4)[247,416,1922],spiroxatrine
(p
K
i 9)

[1922],
m
irtazapine

(p
K
i 7.7)[513],tolazoline

(p
K
i 5.4)[854]

yohim
bine

(p
K
i 8.4–9.2)

[247,416,1922]
yohim

bine
(p
K
i 7.9–8.9)[247,416,1922],

phenoxybenzam
ine

(p
K
i 8.5)[2002],tolazoline

(p
K
i 5.5)

[854]

Selective
antagonists

BRL
44408

(p
K
i 8.2–8.8)

[1922,2104]
im

iloxan
(p
K
i 7.3)

[1269]–
Rat

JP1302
(p
K
B
7.8)

[1631]

Labelled
ligands

–
–

[ 3H
]M

K-912
(Antagonist)(p

K
d
10.1)

[1922]

A
d
r
e
n
o
c
e
p
to

r
s,

β

β-Adrenoceptors
(n

o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

A
d
r
e
n
o
c
e
p
to

r
s,

[2
4
8
])

are
activated

by
the

endogenous
agonists

(-)-adrenaline
and

(-)-noradrenaline.
Isoprenaline

is
a
synthetic

agonist
selective

for
β-adrenoceptors

relative
to

α1
-and

α2
-adrenoceptors,w

hile
for

β1
and

β2
adrenoceptors,propranolol (pKi 8.2-9.2)and

cyanopindolol
(pKi 10.0-11.0)are

relatively
selective

antagonists.(-)-noradrenaline,
xam

oteroland
(-)-Ro

363
are

agonists
that

show
selectivity

for
β1

-

relative
to

β2
-adrenoceptors.

Pharm
acological

differences
exist

betw
een

hum
an

and
m
ouse

β3
-adrenoceptors,

and
the

’rodent
selective’

agonists
BRL

37344
and

C
L316243

have
low

efficacy
at

the
hum

an
β3

-adrenoceptor
w
hereas

C
G
P
12177

and
L
755507

activate
hum

an
β3

-adrenoceptors
[1649].

β3
-Adrenoceptors

are
relatively

resistantto
blockade

by
propranolol (pKi 5.8-7.0),butcan

be
blocked

by
high

concentrations
of bupranolol(pKi 8.65

[1650]).
SR59230A

has
reasonably

high
affinity

at
β3

-adrenoceptors
[1197],

but
does

not
discrim

inate
w
ell

betw
een

the
three

β-adrenoceptor
subtypes

[ 262]
and

has
been

reported
to

have
low

er
affinity

for
the

β3
-adrenoceptorin

som
e
circum

stances[913].L-748337
isthe

m
ost

selective
antagonist

for
β3

adrenoceptors.
[ 125

I]- cyanopindolol,
[ 125

I]-hydroxybenzylpindololand
[ 3
H
]-alprenololare

high
affinity

radioligands
w
idely

used
to

label
β1

-
and

β2
-adrenoceptors

and
β3

-adrenoceptors
can

be
labelled

w
ith

higher
concentrations

(nM
)
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of
[ 125

I]-cyanopindololin
the

presence
of

appropriate
concentra-

tions
of

β1
-
and

β2
-adrenoceptor

antagonists.
[ 3
H
]L-748337

is
a

β3
-selective

radioligand.
Fluorescent

ligands
such

as
BO

D
IPY-TM

R-
C
G
P12177

are
also

increasingly
being

used
to

track
β-adrenoceptors

at
the

cellular
level[86].

Som
ew

hat
selective

β1
-adrenoceptor

se-
lective

agonists
(denopam

ine,
dobutam

ine)
are

used
short-term

to

treat
cardiogenic

shock
but,

in
the

longer
term

,
reduce

survival.
β1

-Adrenoceptor-preferring
antagonists

are
used

to
treat

hyper-
tension

(atenolol,
betaxolol,

bisoprolol,
m
etoprololand

nebivolol),
cardiac

arrhythm
ias

( atenolol,
bisoprolol,

esm
olol)

and
cardiac

fail-
ure

(m
etoprolol,nebivolol).C

ardiac
failure

is
also

succesfully
treated

w
ith

carvedilol
w
hich

blocks
both

β1
-
and

β2
-adrenoceptors,

as
w
ell

as
α1

-adrenoceptors.
β2

-Adrenoceptor-selective
agonists

are

pow
erful

bronchodilators
w
idely

used
to

treat
respiratory

disor-
ders.There

are
both

short(salbutam
ol,terbutaline)and

long
acting

drugs
(form

oterol,
salm

eterol).
Although

m
any

first
generation

β-adrenoceptor
antagonists

( propranolol)
block

both
β1

-
and

β2
-

adrenoceptors
there

are
no

β2
-adrenoceptor-selective

antagonists
used

therapeutically.
The

β3
-adrenoceptor

agonist
m
irabegron

is
used

to
controloveractive

bladder
syndrom

e.

N
om

enclature
β1

-adrenoceptor
β2

-adrenoceptor
β3

-adrenoceptor

H
G
N
C
,U

niProt
A
D
R
B1,P08588

A
D
R
B2,P07550

A
D
R
B3,P13945

Rank
orderofpotency

(-)-noradrenaline
(-)-adrenaline

(-)-adrenaline
(-)-noradrenaline

(-)-noradrenaline
=
(-)-adrenaline

Endogenous
agonists

noradrenaline
(p
K
i 6)

[549]
–

–

Agonists
pindolol(Partialagonist)(p

K
i 9.3)

[1011],isoprenaline
(p
K
i 6.6–7)

[549,1651],dobutam
ine

(Partialagonist)
(p
K
i

5.5)[831]

pindolol(Partialagonist)(p
K
i 9.4)

[1011],arform
oterol

(p
K
i 8.6)

[37],isoprenaline
(p
K
i 6.4)

[1651],dobutam
ine

(Partialagonist)
(p
K
i 6.2)[1100],ephedrine

(Partial
agonist)

(p
K
i 5.6)[851]

carazolol(p
K
i 8.7)[1256]

Selective
agonists

(-)-Ro
363

(p
K
i 8)

[1301],xam
oterol(Partialagonist)(p

K
i

7)[831],denopam
ine

(Partialagonist)
(p
K
i 5.8)[831,

1830]

form
oterol(pEC

5
0
10.1)

[81],salm
eterol(pEC

5
0
9.9)

[81],
zinterol(pEC

5
0
9.5)

[81],vilanterol(pEC
5
0
9.4)[1534],

procaterol(pEC
5
0
8.4)[81],indacaterol(p

K
i 7.8)

[107],
fenoterol(p

K
i 6.9)

[55],salbutam
ol(Partialagonist)(p

K
i

5.8–6.1)
[83,831],terbutaline

(Partialagonist)
(p
K
i 5.6)

[83],orciprenaline
(p
K
d
5.3)

[1784]

L
755507

(pEC
5
0
10.1)[81],L742791

(pEC
5
0
8.8)

[2000],m
irabegron

(pEC
5
0
7.7)[1849],C

G
P
12177

(Partialagonist)
(p
K
i 6.1–7.3)

[159,1144,1256,
1301],SB251023

(pEC
5
0
7.1)

[810]–
M
ouse,

BRL
37344

(p
K
i 6.4–7)

[159,431,768,1256],
C
L316243

(p
K
i 5.2)[2080]

Antagonists
carvedilol(p

K
i 9.5)

[262],bupranolol(p
K
i 7.3–9)[262,

1144],levobunolol(p
K
i 8.4)

[68],labetalol(p
K
i 8.2)

[68],
m
etoprolol(p

K
i 7–7.6)[83,262,768,1144],esm

olol(p
K
i

6.9)[68],nadolol(p
K
i 6.9)[262],practolol(p

K
i 6.1–6.8)

[ 83,1144],propafenone
(p
K
i 6.7)

[68],sotalol(p
K
i 6.1)

[68]

carvedilol(p
K
i 9.4–9.9)[83,262],tim

olol(p
K
i 9.7)[83],

propranolol(p
K
i 9.1–9.5)

[83,86,831,1144],levobunolol
(p
K
i 9.3)

[68],bupranolol(p
K
i 8.3–9.1)[262,1144],

alprenolol(p
K
i 9)

[83],nadolol(p
K
i 7–8.6)

[83,262],
labetalol(p

K
i 8)

[68],propafenone
(p
K
i 7.4)[68],sotalol

(p
K
i 6.5)

[68]

carvedilol(p
K
i 9.4)[262],bupranolol(p

K
i 6.8–7.3)

[ 159,262,1144,1256],propranolol(p
K
i 6.3–7.2)

[1144,1517],levobunolol(p
K
i 6.8)

[1517]

Selective
antagonists

C
G
P
20712A

(p
K
i 8.5–9.2)

[83,262,1144],levobetaxolol
(p
K
i 9.1)

[1715],betaxolol(p
K
i 8.8)

[1144],nebivolol
(pIC

5
0
8.1–8.7)[1476]–

Rabbit,atenolol(p
K
i 6.7–7.6)

[ 83,886,1144],acebutolol(p
K
i 6.4)

[68]

IC
I118551

(Inverse
agonist)

(p
K
i 9.2–9.5)[83,86,1144]

L-748337
(p
K
i 8.4)

[262],SR59230A
(p
K
i 6.9–8.4)

[262,405,768],L748328
(p
K
i 8.4)

[262]

Labelled
ligands

[ 125I]IC
YP

(Selective
Antagonist)(p

K
d
10.4–11.3)[831,

1144,1651]
[ 125

I]IC
YP

(Antagonist)(p
K
d
11.1)

[1144,1651]
[ 125

I]IC
YP

(Agonist,Partialagonist)(p
K
d
9.2–9.8)

[ 1144,1301,1517,1651,1806]

C
om

m
ents

The
agonists

indicated
have

less
than

tw
o
orders

of
m
agnitude

selectivity
[81].

–
AgonistSB251023

has
a
pEC

50
of6.9

for
the

splice
variantofthe

m
ouse

β3
receptor,

β3b
[810].

C
o
m

m
e
n
ts:

A
d
r
e
n
o
c
e
p
to

r
s,

α
1

The
clone

originally
called

the
α
1C

-adrenoceptor
corresponds

to
the

pharm
acologically

defined
α
1A

-adrenoceptor
[ 752].

Som
e
tis-

sues
possess

α1A
-adrenoceptors

(term
ed

α1L -adrenoceptors
[532,

1329])
that

display
relatively

low
affinity

in
functional

and
bind-

ing
assays

for
prazosin

(p
K
i

9)
indicative

of
different

receptor
statesorlocations.

α1A
-adrenoceptorC

-term
inalsplice

variantsform
hom

o-
and

heterodim
ers,

but
fail

to
generate

a
functional

α1L -

adrenoceptor
[1557].

α1D
-Adrenoceptors

form
heterodim

ers
w
ith

α
1B

-
or

β2
-adrenoceptors

that
show

increased
cell-surface

expres-
sion

[1917 ].
Recom

binant
α
1D

-adrenoceptors
have

been
show

n
in

som
e
heterologous

system
s
to

be
m
ainly

located
intracellularly

but
cell-surface

localization
is
attained

by
truncation

ofthe
N
-term

inus,
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or
by

co-expression
of

α1B
-
or

β2
-adrenoceptors

to
form

het-
erodim

ers
[670,

1917].
In

sm
ooth

m
uscle

of
native

blood
vessels

allthree
α1- adrenoceptor

subtypes
are

located
on

the
surface

and
intracellularly

[ 1260,1261].

Signalling
is

predom
inantly

via
G
q/11

but
α
1
-adrenoceptors

also
couple

to
G
i/o

,
G
s
and

G
12/13

.
Several

ligands
activating

α1A
-

adrenoceptorsdisplay
ligand

directed
signalling

biasrelative
to

nora-
drenaline.Forexam

ple,oxym
etazoline

isa
fullagonistforextracellu-

laracidification
rate

(EC
AR)and

a
partialagonistforC

a 2+
release

but
doesnotstim

ulate
cAM

P
production. Phenylephrine

isbiased
tow

ard
EC

AR
versus

C
a 2+

release
or

cAM
P
accum

ulation
but

not
betw

een
C
a 2+

release
and

cAM
P
accum

ulation
[495].

There
are

also
differ-

encesbetw
een

subtypesin
coupling

efficiency
to

differentpathw
ays-

e.g
.in

som
e
system

s
coupling

efficiency
to

C
a 2+

signalling
is
α1A

α1B
α1D

,but
for

M
AP

kinase
signalling

is
α
1D

α1A
α
1B .

In
vascularsm

ooth
m
uscle,the

potency
ofagonistsisrelated

to
the

pre-
dom

inant
subtype,

α1D
-
conveying

greater
agonist

sensitivity
than

α1A
-adrenoceptors

[526].

A
d
r
e
n
o
c
e
p
to

r
s,

α
2

ARC
-239

(pKi
8.0)

and
prazosin

(pKi
7.5)

show
selectivity

for
α2B

-
and

α2C
-adrenoceptors

over
α
2A

-adrenoceptors.O
xym

etazoline
is

a
reduced

efficacy
agonist

and
is
one

ofm
any

α2
-adrenoceptorag-

onists
that

are
im

idazolines
or

closely
related

com
pounds.

O
ther

binding
sites

for
im

idazolines,
distinct

from
α2

-adrenoceptors,
and

structurally
distinct

from
the

7TM
adrenoceptors,

have
been

identified
and

classified
as

I1
,
I2

and
I3

sites
[ 390];

cat-
echolam

ines
have

a
low

affinity,
w
hile

rilm
enidine

and
m
ox-

onidine
are

selective
ligands

for
these

sites,
evoking

hypoten-
sive

effects
in

vivo.
I1 -im

idazoline
receptors

are
involved

in
central

inhibition
of

sym
pathetic

tone,
I2
-im

idazoline
recep-

tors
are

an
allosteric

binding
site

on
m
onoam

ine
oxidase

B,
and

I3
-im

idazoline
receptors

regulate
insulin

secretion
from

pan-
creatic

β-cells.
α
2A

-adrenoceptor
stim

ulation
reduces

insulin

secretion
from

β-islets
[2083],

w
ith

a
polym

orphism
in

the
5’-U

TR
of

the
AD

RA2A
gene

being
associated

w
ith

increased
receptor

ex-
pression

in
β-islets

and
heightened

susceptibility
to

diabetes
[1599].

α2A
-
and

α2C
-adrenoceptors

form
hom

odim
ers

[ 1758].
H
et-

erodim
ers

betw
een

α2A
-and

eitherthe
α2c -adrenoceptoror

opi-
oid

peptide
receptor

exhibit
altered

signalling
and

trafficking
prop-

ertiescom
pared

to
the

individualreceptors[1758,1858,1956].Sig-
nalling

by
α2

-adrenoceptorsis
prim

arily
via

G
i/o

,how
everthe

α
2A

-
adrenoceptoralso

couples
to

G
s
[459].Im

idazoline
com

pounds
dis-

play
bias

relative
to

each
other

at
the

α2A
-adrenoceptor

w
hen

as-
sayed

by
[ 35S]G

TP
γS

binding
com

pared
to

inhibition
ofcAM

P
accu-

m
ulation

[ 1477].
The

noradrenaline
reuptake

inhibitordesipram
ine

acts
directly

on
the

α2A
-adrenoceptor,prom

oting
internalisation

via
recruitm

entofarrestin
w
ithoutactivating

G
proteins

[371].

A
d
r
e
n
o
c
e
p
to

r
s,

β

Radioligand
binding

w
ith

[ 125I]IC
YP

can
be

used
to

define
β1

-
or

β2
-adrenoceptors

w
hen

conducted
in

the
presence

of
a
’satu-

rating’
concentration

of
either

a
β1

-
or

β2
-adrenoceptor-selective

antagonist.
[ 3
H
]C

G
P12177

or
[ 3
H
]dihydroalprenololcan

be
used

in
place

of
[ 125I]IC

YP.
Binding

of
a

fluorescent
analogue

of
C
G
P
12177

to
β2

-adrenoceptors
in

living
cells

has
been

described
[84].

[ 125I]IC
YP

at
higher

(nM
)
concentrations

can
be

used
to

la-
bel

β3
-adrenoceptors

in
system

s
w
here

there
are

few
ifany

other
β-

adrenoceptor
subtypes.

Pharm
acologicaldifferences

exist
betw

een
hum

an
and

m
ouse

β3
-adrenoceptors,

and
the

’rodent
selective’

agonists
BRL

37344
and

C
L316243

are
partial

agonists
at

the
hu-

m
an

β3
-adrenoceptor

w
hereas

C
G
P
12177

and
L
755507

activate
hum

an
β3-adrenoceptors

w
ith

greater
potency

[1650].
The

β3
-

adrenoceptor
has

an
intron

in
the

coding
region,

but
splice

vari-
ants

have
only

been
described

for
the

m
ouse

[496],
w
here

the
iso-

form
s
display

different
signalling

characteristics
[810].

There
are

3
β-adrenoceptors

in
turkey

(term
ed

the
tβ,

tβ3c
and

tβ4c)
that

have
a
pharm

acology
that

differs
from

the
hum

an
β-adrenoceptors

[82].
N
um

erous
polym

orphism
s
have

been
described

for
the

three
β-adrenoceptors;

som
e
are

associated
w
ith

alterations
in

agonist-
evoked

signalling
and

trafficking,
altered

susceptibility
to

disease
and/or

altered
responses

to
pharm

acotherapy
[ 1103].

All
β-adrenoceptors

couple
to

G
s
(activating

adenylyl
cyclase

and
elevating

cAM
P
levels),

but
it
is

also
clear

that
they

activate
other

G
proteins

such
as

G
i
and

m
any

other
G

protein-independent
sig-

nalling
pathw

ays,including
arrestin-m

ediated
signalling,w

hich
m
ay

in
turn

lead
to

activation
of

M
AP

kinases.
M
any

antagonists
at

β1
-

and
β2

-adrenoceptorsare
agonistsat

β3
-adrenoceptors(C

L316243,
C
G
P
12177

and
carazolol).

M
any

‘antagonists’
that

block
agonist-

stim
ulated

cAM
P
accum

ulation,
for

exam
ple

carvediloland
bucin-

dolol,are
able

to
activate

M
AP

kinase
pathw

ays
[85,497,559,560,

1649,1650]and
thusdisplay

’protean
agonism

’.Bupranololappears
to

actas
a
neutralantagonistin

m
ostsystem

s
so

farexam
ined.Ago-

nists
also

display
biased

signalling
at

the
β2

-adrenoceptorvia
G
s
or

arrestins
[ 443].

The
X
-ray

crystal
structures

have
been

described
of

the
agonist

bound
[ 1988]

and
antagonist

bound
form

s
of

the
β1

-
[1989],

agonist-bound
[ 313]

and
antagonist-bound

form
s

of
the

β2
-

adrenoceptor
[1561,1598],as

w
ellas

a
fully

active
agonist-bound,

G
s
protein-coupled

β2
-adrenoceptor

[1562].
C
arvediloland

bucin-
dololbind

to
an

extended
site

ofthe
β1

-adrenoceptorinvolving
con-

tacts
in

TM
2,

3,
and

7
and

extracellular
loop

2
that

m
ay

facilitate
coupling

to
arrestins

[1989].
C
om

pounds
displaying

arrestin-biased
signalling

at
the

β2
-adrenoceptor

also
have

a
greater

effect
on

the
conform

ation
ofTM

7,w
hereasfullagonistsforG

s
coupling

prom
ote

m
ovem

entofTM
5
and

TM
6
[1127].Recentstudiesusing

N
M
R
spec-

troscopy
have

dem
onstrated

significant
conform

ationalflexibility
in

the
β2

-adrenoceptorw
hich

is
stabilized

by
both

agonist
and

G
pro-

teins
highlighting

the
dynam

ic
nature

ofinteractions
w
ith

both
lig-

and
and

dow
nstream

signalling
partners

[ 946,
1199,

1413].
Such

flexibility
w
illlikely

have
consequences

for
our

understanding
ofbi-

ased
agonism

,
and

for
the

future
therapeutic

exploitation
of

this
phenom

enon.
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A
n
g
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te
n
sin

re
ce

p
to
rs

G
protein-coupled

receptors
Angiotensin

receptors

O
v
e
r
v
ie
w
:
The

actions
ofangiotensin

II(A
G
T,P01019)

(Ang
II)

are
m
ediated

by
AT1

and
AT2

receptors
(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

A
n
g
io

te
n
sin

R
e
c
e
p
to

r
s

[2
1
3
7
]),w

hich
have

around
30%

sequence
sim

ilarity.Endogenous
ligands

are
angiotensin

II(A
G
T,P01019)

and
angiotensin

III(A
G
T,P01019)

(Ang
III),w

hile
angiotensin

I(A
G
T,P01019)

is
w
eakly

active
in

som
e

system
s.

N
om

enclature
AT1

receptor
AT2

receptor

H
G
N
C
,U

niProt
A
G
T
R
1,P30556

A
G
T
R
2,P50052

Selective
agonists

L-162,313
(pIC

5
0
7.8–7.9)

[1490]
C
G
P42112

(pIC
5
0
9.6)

[190],[p-am
inoPhe6]ang

II(p
K
d
9.1–9.4)[1789,2139]

–
Rat

Antagonists
telm

isartan
(pIC

5
0
8.4)

[1241],olm
esartan

(pIC
5
0
8.1)

[981]
–

Selective
antagonists

candesartan
(pIC

5
0
9.5–9.7)

[1942],EX
P3174

(pIC
5
0
7.4–9.5)[1887,1942],

eprosartan
(pIC

5
0
8.4–8.8)

[464],irbesartan
(pIC

5
0
8.7–8.8)

[1942],losartan
(pIC

5
0
7.4–8.7)

[1887,2139],valsartan
(pIC

5
0
8.6)[2138],azilsartan

(pIC
5
0

8.1–8.1)[1551,1844]

PD
123177

(pIC
5
0
8.5–9.5)[291,321,450]–

Rat,EM
A401

(pIC
5
0
8.5–9.3)[518,

1582,1767],PD
123319

(p
K
d
8.7–9.2)

[449,2025,2139]

Labelled
ligands

[ 3
H
]A81988

(Antagonist)(p
K
d
9.2)

[690]–
Rat,[ 3

H
]L158809

(Antagonist)
(p
K
d
9.2)

[305]–
Rat,[ 3

H
]eprosartan

(Antagonist)(p
K
d
9.1)

[21]–
Rat,

[ 3
H
]valsartan

(Antagonist)(pIC
5
0
8.8–9)

[1954],[ 125I]EX
P985

(Antagonist)
(p
K
d
8.8)

[322]–
Rat,[ 3

H
]losartan

(Antagonist)(p
K
d
8.2)

[294]–
Rat

[ 125
I]C

G
P42112

(Agonist)
(p
K
d
10.6)

[2017,2018,2139]
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C
o
m

m
e
n
ts:

AT1
receptors

are
predom

inantly
coupled

to
G
q/11

,
how

everthey
are

also
linked

to
arrestin

recruitm
entand

stim
ulate

G
protein-independentarrestin

signalling
[ 1156].M

ostspeciesexpress
a
single

A
G
T
R
1
gene,

but
tw

o
related

a
g
tr1

a
and

ag
tr1

b
receptor

genes
are

expressed
in

rodents.
The

AT2
receptor

counteracts
sev-

eralofthe
grow

th
responses

initiated
by

the
AT1

receptors.The
AT2

receptorism
uch

lessabundantthan
the

AT1
receptorin

adulttissues

and
is
upregulated

in
pathologicalconditions.AT1

receptorantago-
nists

bearing
substituted

4-phenylquinoline
m
oieties

have
been

syn-
thesized,

w
hich

bind
to

AT1
receptors

w
ith

nanom
olar

affinity
and

are
slightly

m
ore

potent
than

losartan
in

functional
studies

[264].
The

antagonist
activity

of
C
G
P42112

at
the

AT2
receptor

has
also

been
reported

[2147].

The
AT1

and
bradykinin

B2
receptors

have
been

proposed
to

form
a

heterodim
eric

com
plex

[3].

There
is

also
evidence

for
an

AT4
receptor

that
specifically

binds
angiotensin

IV
(A
G
T,P01019)and

is
located

in
the

brain
and

kidney.
An

additionalputative
endogenous

ligand
for

the
AT4

receptor
has

been
described

(LVV-hem
orphin

(H
BB,

P68871),
a
globin

decapep-
tide)

[1296].
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A
p
e
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p
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protein-coupled
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Apelin

receptor

O
v
e
r
v
ie
w
:
The

apelin
receptor

(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

th
e
a
p
e
lin

r
e
c
e
p
to

r
[1

5
1
0
])

responds
to

apelin,
a
36

am
ino-acid

peptide
derived

initially
from

bovine
stom

ach.
Apelin-36

(A
PLN

,Q
9U

LZ1),apelin-13
(A
PLN

,Q
9U

LZ1)
and

[Pyr 1
]apelin-13

(A
PLN

,Q
9U

LZ1)
are

the
predom

inantendogenous
ligands

w
hich

are
cleaved

from
a
77

am
ino-acid

precursor
peptide

(A
PLN

,Q
9U

LZ1)by
a
so

far
unidentified

enzym
atic

pathw
ay

[1864].A
second

fam
ily

ofpeptides
discovered

independently
and

nam
ed

Elabela
[323]orToddler,thathas

little
sequence

sim
ilarity

to
apelin,has

been
proposed

as
a
second

endogenous
apelin

receptorligand
[1475].
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(A
PELA,

P0D
M
C
3)

(pIC
5
0
7.2)[2086]

Selective
agonists

M
M
07

(Biased
agonist)

(pEC
5
0
9.5)

[203]

Antagonists
M
M
54

(p
K
i 8.2)

[1166]

Labelled
ligands

[ 125
I][N

le 75,Tyr 77
]apelin-36

(hum
an)(Agonist)(p

K
d
11.2)

[918],[ 125I][G
lp 65

N
le 75,Tyr 77

]apelin-13
(Agonist)(p

K
d
10.7)[785],[ 125

I](Pyr 1)apelin-13
(Agonist)(p

K
d
9.5)

[911],[ 125I]apelin-13
(Agonist)(p

K
d
9.2)[503],[ 3

H
](Pyr 1)[M

et(0)11]-apelin-13
(Agonist)(p

K
d
8.6)[1254]

C
o
m

m
e
n
ts:Potency

order
determ

ined
for

heterologously
expressed

hum
an

apelin
receptor(p

D
2
values

range
from

9.5
to

8.6).
The

apelin
receptorm

ay
also

act
as

a
co-receptorw

ith
C
D
4
for

isolates
ofhum

an
im

m
unodeficiency

virus,w
ith

apelin
blocking

this
function

[279].A
m
odified

apelin-13
peptide,apelin-13(F13A)w

as
reported

to
block

the
hypotensive

response
to

apelin
in

rat
in
vivo

[1067],how
ever,this

peptide
exhibits

agonist
activity

in
H
EK293

cells
stably

expressing
the

recom
binantapelin

receptor[503].
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rth

e
r
R
e
a
d
in
g

C
handrasekaran

B
et
a
l.(2008)The

role
ofapelin

in
cardiovascularfunction

and
heartfailure.

Eu
r.
J.
H
ea
rt

Fa
il.

1
0:725-32

[PM
ID

:18583184]

C
heng

B
et

a
l.

(2012)
N
europrotection

of
apelin

and
its

signaling
pathw

ay.
Pep

tid
es

3
7:

171-3
[PM

ID
:22820556]

D
avenportAP

et
a
l.
(2007)

Apelins.
In
En
cyclop

ed
ic
R
eferen

ce
of
M
olecu

la
r
Ph
a
rm
a
colog

y
Edited

by
O
ffer-

m
anns

S,RosenthalW
:Springer:201-206

Japp
AG

et
a
l.(2008)The

apelin-APJsystem
in

heartfailure:pathophysiologic
relevance

and
therapeutic

potential.
Bioch

em
.
Ph
a
rm
a
col.

7
5:

1882-92
[PM

ID
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D
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a
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em
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ID
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O
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1
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R13-35
[PM

ID
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Pitkin
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International

U
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and
C
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Pharm
acology.

LX
X
IV.
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re-

ceptor
nom

enclature,
distribution,

pharm
acology,

and
function.

Ph
a
rm
a
col.

R
ev.

6
2:

331-42
[PM

ID
:20605969]

Yang
P
et
a
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(2015)
Apelin,

Elabela/Toddler,
and

biased
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as
noveltherapeutic
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in

the
cardiovascular

system
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B
ile

a
cid

re
ce

p
to
r

G
protein-coupled

receptors
Bile

acid
receptor

O
v
e
r
v
ie
w
:The

bile
acid

receptor(G
PBA)

responds
to

bile
acids

produced
during

the
liver

m
etabolism

ofcholesterol.
Selective

agonists
are

prom
ising

drugs
for

the
treatm

entofm
etabolic

disorders,such
as

type
IIdiabetes,obesity

and
atherosclerosis.

N
om

enclature
G
PBA

receptor

H
G
N
C
,U

niProt
G
PBA

R
1,Q

8TD
U
6

Rank
orderof

potency
lithocholic

acid
deoxycholic

acid
chenodeoxycholic

acid,cholic
acid

(U
nknow

n)[917,1214]

Selective
agonists

betulinic
acid

(pEC
5
0
6)

[590],oleanolic
acid

(pEC
5
0
5.7)[1648]

C
o
m

m
e
n
ts:The

triterpenoid
naturalproductbetulinic

acid
has

also
been

reported
to

inhibitinflam
m
atory

signalling
through

the
N
F

B
pathw

ay
[1842].D

isruption
ofG

PBA
expression

is
reported

to
protectfrom

cholesterolgallstone
form

ation
[1951].A

new
series

of5-phenoxy-1,3-dim
ethyl-1H

-pyrazole-4-carboxam
ideshave

been
reported

as
highly

potentagonists
[1138].
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ID
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ID
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B
o
m
b
e
sin

re
ce

p
to
rs

G
protein-coupled

receptors
Bom

besin
receptors

O
v
e
r
v
ie
w
:

Bom
besin

receptors
(n

o
m

e
n
c
la

tu
r
e

r
e
c
o
m

-
m

e
n
d
e
d
b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

b
o
m

b
e
sin

r
e
c
e
p
to

r
s,

[8
5
7
])

are
activated

by
the

endogenous
ligands

gastrin-releasing
peptide

(G
R
P,P07492)(G

RP),neurom
edin

B
(N
M
B,

P08949)(N
M
B)and

G
RP-(18-27)(G

R
P,P07492)

(previously
nam

ed
neurom

edin
C
).

Bom
besin

is
a
tetradecapeptide,

originally
derived

from
am

phibians,and
isan

agonistatBB1
and

BB2
receptors.These

receptors
couple

prim
arily

to
the

G
q/11

fam
ily

of
G

proteins
(but

see
also

[857]).
Each

ofthese
receptors

is
w
idely

distributed
in

the
C
N
S
and

peripheraltissues
[ 625,

857,
1556,

1642].
Activation

of
BB1

and
BB2

receptorscauses
a
w
ide

range
ofphysiologicalactions,

including
the

stim
ulation

of
norm

al
and

neoplastic
tissue

grow
th,

sm
ooth-m

uscle
contraction,

appetite
and

feeding
behavior,

secre-
tion

and
m
any

centralnervoussystem
effects

[857,858,859,1185,

1317,
1556].

A
physiologicalrole

for
the

BB3
receptor

has
yet

to
be

fully
defined

although
recently

studies
using

receptor
knockout

m
ice

and
new

ly
described

agonists/antagonists
suggest

an
im

por-
tant

role
in

glucose
and

insulin
regulation,

m
etabolic

hom
eostasis,

feeding
and

other
C
N
S
behaviors

and
grow

th
ofnorm

al/neoplastic
tissues

[ 625,1186,1430].

N
om

enclature
BB1

receptor
BB2

receptor
BB3

receptor

H
G
N
C
,U

niProt
N
M
BR,P28336

G
R
PR,P30550

BR
S3,P32247

Endogenous
agonists

neurom
edin

B
(N
M
B,P08949)

(Selective)(p
K
i

8.1–10.3)
[857,1556,1919]

neurom
edin

C
(pIC

5
0
9.9)

[1919],
gastrin

releasing
peptide(14-27)(hum

an)(Selective)
(pIC

5
0
9.7–9.8)[1919]

–

Selective
agonists

–
–

com
pound

8a
[PM

ID
:24900283](pIC

5
0
8.9)[1129],

com
pound

9g
[PM

ID
:24412111](pEC

5
0
8.8)

[1220],
M
K-7725

(pIC
5
0
8.5)

[324],M
K-5046

(p
K
i 7.7–8.4)

[1321,1689],
[D

-Tyr 6
,Apa-4C

l 11
,Phe 13,N

le 14]bom
besin-(6-14)

(p
K
i 8.1)

[1202],com
pound

17c
[PM

ID
:25497965]

(pEC
5
0
7.9)

[1219],com
pound

9f[PM
ID

:24412111]
(pEC

5
0
7.8)

[1220],bag-1
(pIC

5
0
7.7)

[659],
com

pound
22e

[PM
ID

:20167483](pIC
5
0
7.6)

[727],
bag-2

(pIC
5
0
7)

[659]

Antagonists
D
-N

al-C
ys-Tyr-D

-Trp-Lys-Val-C
ys-N

al-N
H
2
(pIC

5
0

6.2–6.6)
[624]

–
–
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(continued)

N
om

enclature
BB1

receptor
BB2

receptor
BB3

receptor

Selective
antagonists

PD
176252

(pIC
5
0
9.3–9.8)

[624],
PD

168368
(pIC

5
0
9.3–9.6)

[624],
dN

al-cyc(C
ys-Tyr-dTrp-O

rn-Val)-N
al-N

H
2

[D
-Phe 6,Leu 13

,C
pa 14

,
13-14]bom

besin-(6-14)(p
K
i 9.8)[624],

JM
V641

(pIC
5
0
9.3)[1892]–

M
ouse,

[(3-Ph-Pr 6),H
is 7

,D
-Ala 11

,D
-Pro 13,

13-14),Phe 14]bom
besin-(6-14)

(pIC
5
0
9.2)

[624,1062],
[D

-Tpi 6,Leu 13
(C

H
2 N

H
)-Leu 14]bom

besin-(6-14)(pIC
5
0
8.9)

[624],Ac-G
RP-(20-26)-m

ethylester(pIC
5
0
8.7)

[624],JM
V594

(pIC
5
0
8.7–8.7)

[1133,1892]–
M
ouse

bantag-1
(pIC

5
0
8.6–8.7)

[659,1321],M
L-18

(pIC
5
0

5.3)
[ 1316]

Labelled
ligands

[ 125
I]BH

-N
M
B
(hum

an,m
ouse,rat)

(Agonist),[ 125I][Tyr 4]bom
besin

(Agonist)
[ 125I][D

-Tyr 6]bom
besin-(6-13)-m

ethylester(Selective
Antagonist)

(p
K
d
9.3)

[1201]–
M
ouse,[ 125I][Tyr 4]bom

besin
(Agonist)(p

K
d

8.2)[131],[ 125I]G
RP

(hum
an)(Agonist)

[ 3
H
]bag-2

(Agonist)
(p
K
d
8.6)

[659]–
M
ouse,

[ 125
I][D

-Tyr 6,β-Ala 11
,Phe 13,N

le 14]bom
besin-(6-14)

(Agonist)
(p
K
d
8–8.4)

[1203,1321]

C
o
m

m
e
n
ts:Allthree

subtypesm
ay

be
activated

by
[D

-Phe 6,β-Ala 11
,Phe 13,N

le 14]bom
besin-(6-14)[1203].[D

-Tyr 6
,Apa-4C

l 11
,Phe 13,N

le 14
]bom

besin-(6-14)hasm
ore

than
200-fold

selectivity
forBB3

receptors
overBB1

and
BB2

[1202].
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p
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B
ra
d
ykin

in
re
ce

p
to
rs

G
protein-coupled

receptors
Bradykinin

receptors

O
v
e
r
v
ie
w
:
Bradykinin

(or
kinin)

receptors
(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

su
b
c
o
m

m
itte

e
o
n

B
r
a
d
y
k
in

in
(k

in
in

)
R
e
c
e
p
to

r
s
[1

0
7
2
])

are
activated

by
the

endogenous
peptides

bradykinin
(K
N
G
1,

P01042)
(BK),

[des-Arg 9
]bradykinin

(K
N
G
1,

P01042),
Lys-BK

(kallidin
(K
N
G
1,

P01042)),
[des-Arg 10

]kallidin
(K
N
G
1,

P01042),
T-kinin

(K
N
G
1,

P01042)
(Ile-Ser-BK),

[H
yp 3

]bradykinin
(K
N
G
1,

P01042)
and

Lys-[H
yp 3

]-bradykinin
(K
N
G
1,P01042).The

variation
in

affinity
orinactivity

ofB2
receptorantagonists

could
reflectthe

existence
ofspecies

hom
ologues

ofB2
receptors.

N
om

enclature
B1

receptor
B2

receptor

H
G
N
C
,U

niProt
BD
K
R
B1,P46663

BD
K
R
B2,P30411

Rank
orderofpotency

[des-Arg 10
]kallidin

(K
N
G
1,P01042)

[des-Arg 9
]bradykinin

(K
N
G
1,P01042)

=
kallidin

(K
N
G
1,P01042)

bradykinin
(K
N
G
1,P01042)

kallidin
(K
N
G
1,P01042)

bradykinin
(K
N
G
1,P01042)

[des-Arg 9
]bradykinin

(K
N
G
1,P01042),[des-Arg 10

]kallidin
(K
N
G
1,P01042)

Endogenous
agonists

[des-Arg 10
]kallidin

(K
N
G
1,P01042)

(Selective)(p
K
i 9.6–10)[69,104,876]

–

Selective
agonists

[Sar,D
-Phe 8,des-Arg 9

]bradykinin
(p
K
i 5.7)

[876]
[H

yp 3
,Tyr(M

e) 8]BK,[Phe 8,
(C

H
2 -N

H
)Arg 9

]BK

Antagonists
[Leu 9,des-Arg 10

]kallidin
(p
K
i 9.1–9.3)

[69,104]
–

Selective
antagonists

B-9958
(p
K
i 9.2–10.3)[596,1570],R-914

(p
A
2
8.6)

[617],R-715
(p
A
2
8.5)[618]

icatibant(p
K
i 10.2)[39],FR173657

(p
A
2
8.2)

[1593],anatibant(p
K
i 8.2)

[1537]

Labelled
ligands

[ 125I]H
pp-desArg 10

H
O
E140

(p
K
d
10),[ 3

H
]Lys-[des-Arg 9

]BK
(Agonist)

(p
K
d
9.4),

[ 3
H
]Lys-[Leu 8][des-Arg 9]BK

(Antagonist)
[ 3
H
]BK

(hum
an,m

ouse,rat)
(Agonist)(p

K
d
9.4)

[2034]–
M
ouse,[ 3

H
]N

PC
17731

(Antagonist)(p
K
d
9.1–9.4)

[2119,2120],[ 125
I][Tyr 8]bradykinin

(Agonist)

Fu
rth

e
r
R
e
a
d
in
g

C
am

pos
M
M
et
a
l.(2006)N

on-peptide
antagonists

for
kinin

B1
receptors:new

insights
into

theirthera-
peutic

potentialfor
the

m
anagem

ent
ofinflam

m
ation

and
pain.

Tren
d
s
Ph
a
rm
a
col.

Sci.
2
7:

646-51
[PM

ID
:17056130]

D
uchene

J
et
a
l.(2009)The

kinin
B(1)receptorand

inflam
m
ation:new

therapeutic
targetfor

cardiovas-
culardisease.

C
u
rr
O
p
in
Ph
a
rm
a
col9:

125-31
[PM

ID
:19124274]

M
arceau

F
et
a
l.

(2004)
Bradykinin

receptor
ligands:

therapeutic
perspectives.

N
a
t
R
ev

D
ru
g
D
iscov

3:
845-52

[PM
ID

:15459675]

PaquetJL
et
a
l.(1999)Pharm

acologicalcharacterization
ofthe

bradykinin
B2

receptor:inter-speciesvari-
ability

and
dissociation

betw
een

binding
and

functionalresponses.
Br.

J.
Ph
a
rm
a
col.

1
2
6:

1083-90
[PM

ID
:10204994]

Thornton
E
et
a
l.(2010)Kinin

receptorantagonistsas
potentialneuroprotective

agentsin
centralnervous

system
injury.

M
olecu

les
1
5:

6598-618
[PM

ID
:20877247]
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C
a
lcito

n
in

re
ce

p
to
rs

G
protein-coupled

receptors
C
alcitonin

receptors

O
v
e
r
v
ie
w
:This

receptorfam
ily

com
prises

a
group

ofreceptors
for

the
calcitonin/C

G
RP

fam
ily

ofpeptides.
The

calcitonin
(C

T),am
ylin

(AM
Y),calcitonin

gene-related
peptide

(C
G
RP)and

adrenom
edullin

(AM
)receptors(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

C
G
R
P
,
A
M
,
A
M
Y
,
a
n
d

C
T

r
e
c
e
p
to

r
s

[ 7
2
1
,
1
5
2
8
])

are
generated

by
the

genes
C
A
LC
R
(w

hich
codes

for
the

C
T
receptor

(C
TR))

and
C
A
LC
R
L
(w

hich
codes

for
the

calcitonin
receptor-like

receptor,C
LR,previously

know
n
as

C
RLR).Their

func-
tion

and
pharm

acology
are

altered
in

the
presence

ofRAM
Ps(recep-

tor
activity-m

odifying
proteins),

w
hich

are
single

TM
dom

ain
pro-

teins
of
ca
.
130

am
ino

acids,
identified

as
a
fam

ily
of

three
m
em

-
bers;RAM

P1,RAM
P2

and
RAM

P3.
There

are
splice

variants
ofC

TR;
these

in
turn

produce
variants

of
the

AM
Y
receptor

[1528],
som

e
ofw

hich
can

be
potently

activated
by

C
G
RP.The

endogenous
ago-

nists
are

the
peptides

calcitonin
(C
A
LC
A,

P01258),
α-C

G
RP

(C
A
LC
A,

P06881)
(form

erly
know

n
as

C
G
RP-I),

β-C
G
RP

(C
A
LC
B,

P10092)
(form

erly
know

n
as

C
G
RP-II),

am
ylin

(IA
PP,

P10997)
(occasionally

called
islet-am

yloid
polypeptide,

diabetes-associated
polypeptide),

adrenom
edullin

(A
D
M
,
P35318)

and
adrenom

edullin
2/interm

edin
(A
D
M
2,

Q
7Z4H

4).
There

are
species

differences
in

peptide
se-

quences,
particularly

for
the

C
Ts.

C
TR-stim

ulating
peptide

{Pig}
(C

RSP)
is
another

m
em

ber
ofthe

fam
ily

w
ith

selectivity
for

the
C
TR

but
it
is

not
expressed

in
hum

ans
[907].

O
lcegepant

(also
know

n
as

BIBN
4096BS,

pKi10.5)and
telcagepant(also

know
n
as

M
K0974,

pKi9)are
the

m
ostselective

antagonists
available,having

a
high

se-
lectivity

forC
G
RP

receptors,w
ith

a
particularpreference

forthose
of

prim
ate

origin.

C
LR

by
itself

binds
no

know
n
endogenous

ligand,
but

in
the

pres-
ence

of
RAM

Ps
it

gives
receptors

for
C
G
RP,

adrenom
edullin

and
adrenom

edullin
2/interm

edin.

N
om

enclature
C
T
receptor

AM
Y1

receptor
AM

Y2
receptor

AM
Y3

receptor

H
G
N
C
,U

niProt
C
A
LC
R,P30988

–
–

–

Subunits
–

RAM
P1

(Accessory
protein),

C
T
receptor

C
T
receptor,RAM

P2
(Accessory

protein)
C
T
receptor,RAM

P3
(Accessory

protein)

Rank
orderof

potency
calcitonin

(salm
on)

calcitonin
(C
A
LC
A,P01258)

am
ylin

(IA
PP,

P10997),
α-C

G
RP

(C
A
LC
A,P06881)

adrenom
edullin

(A
D
M
,P35318),

adrenom
edullin

2/interm
edin

(A
D
M
2,

Q
7Z4H

4)

calcitonin
(salm

on)
am

ylin
(IA
PP,

P10997)
α-C

G
RP

(C
A
LC
A,P06881)

adrenom
edullin

2/interm
edin

(A
D
M
2,Q

7Z4H
4)

calcitonin
(C
A
LC
A,P01258)

adrenom
edullin

(A
D
M
,P35318)

Poorly
defined

calcitonin
(salm

on)
am

ylin
(IA
PP,

P10997)
α
-C

G
RP

(C
A
LC
A,P06881)

adrenom
edullin

2/interm
edin

(A
D
M
2,Q

7Z4H
4)

calcitonin
(C
A
LC
A,P01258)

adrenom
edullin

(A
D
M
,P35318)

Endogenous
agonists

calcitonin
(C
A
LC
A,P01258)

(Selective)
(pEC

5
0
9–11.2)

[32,58,718,1027,
1087,1341]

am
ylin

(IA
PP,P10997)

(pEC
5
0
9–9.7)

[610]
am

ylin
(IA
PP,P10997)

(pEC
5
0

8.3–9.1)
[610]

am
ylin

(IA
PP,P10997)

(pEC
5
0

8.9–9.6)[610]

Labelled
ligands

[ 125
I]C

T
(hum

an)(Agonist)(p
K
d

9–10),[ 125
I]C

T
(salm

on)
(Agonist)

(p
K
d
10)

[ 125
I]BH

-AM
Y
(rat,m

ouse)(Agonist)
(p
K
d
9–10)

[ 125
I]BH

-AM
Y
(rat,m

ouse)(Agonist)
(p
K
d
9–10)

[ 125
I]BH

-AM
Y
(rat,m

ouse)(Agonist)
(p
K
d
9–10)
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N
om

enclature
calcitonin

receptor-
like

receptor
C
G
RP

receptor
AM

1
receptor

AM
2
receptor

H
G
N
C
,U

niProt
C
A
LC
R
L,Q

16602
–

–
–

Subunits
–

calcitonin
receptor-like

receptor,RAM
P1

(Accessory
protein)

calcitonin
receptor-like

receptor,RAM
P2

(Accessory
protein)

calcitonin
receptor-like

receptor,RAM
P3

(Accessory
protein)

Rank
orderof

potency
–

α
-C

G
RP

(C
A
LC
A,P06881)

adrenom
edullin

(A
D
M
,P35318)

adrenom
edullin

2/interm
edin

(A
D
M
2,

Q
7Z4H

4)
am

ylin
(IA
PP,P10997)

calcitonin
(salm

on)

adrenom
edullin

(A
D
M
,P35318)

adrenom
edullin

2/interm
edin

(A
D
M
2,

Q
7Z4H

4)
α-C

G
RP

(C
A
LC
A,P06881),

am
ylin

(IA
PP,P10997)

calcitonin
(salm

on)

adrenom
edullin

(A
D
M
,P35318)

adrenom
edullin

2/interm
edin

(A
D
M
2,

Q
7Z4H

4)
α
-C

G
RP

(C
A
LC
A,P06881)

am
ylin

(IA
PP,P10997)

calcitonin
(salm

on)

Endogenous
agonists

–
β-C

G
RP

(C
A
LC
B,P10092)

(p
K
i 9.9–11)

[20,1251],
α-C

G
RP

(C
A
LC
A,P06881)

(p
K
i

9.7–10)
[20,1251]

adrenom
edullin

(A
D
M
,P35318)

(p
K
i

8.3–9.2)[20,1251]
adrenom

edullin
(A
D
M
,P35318)

(p
K
i

8.3–9)
[20,539]

Antagonists
–

olcegepant(p
K
i 10.2–10.7)

[435,719,
720,1194],telcagepant(p

K
i 9.1)

[1633]
–

–

Selective
antagonists

–
–

AM
-(22-52)(hum

an)(p
K
i 7–7.8)[20,

720,1251]
–

Labelled
ligands

–
[ 125

I]αC
G
RP

(hum
an)(Agonist)

(p
K
d
10),

[ 125
I]αC

G
RP

(m
ouse,rat)

(Agonist)
[ 125I]AM

(rat)(Agonist)
(p
K
d
10–9)

[ 125I]AM
(rat)(Agonist)

(p
K
d
9–10)

C
o
m

m
e
n
ts:Itis

im
portantto

note
thata

com
plication

w
ith

the
in-

terpretation
ofpharm

acologicalstudiesw
ith

AM
Y
receptorsin

trans-
fected

cells
is
thatm

ost
ofthis

w
ork

has
likely

used
a
m
ixed

popula-
tion

ofreceptors,encom
passing

RAM
P-coupled

C
TR

as
w
ellas

C
TR

alone.This
m
eans

thatalthough
in

binding
assays

hum
an

calcitonin
(C
A
LC
A,

P01258)
has

low
affinity

for
125I-AM

Y
binding

sites,
cells

transfected
w
ith

C
TR

and
RAM

Ps
can

display
potent

C
T
functional

responses.
Transfection

of
hum

an
C
TR

w
ith

any
RAM

P
can

gener-
ate

receptors
w
ith

a
high

affinity
for

both
salm

on
C
T
and

AM
Y
and

varying
affinity

for
different

antagonists
[337,

718,
719].

The
m
a-

jor
hum

an
C
TR

splice
variant

(hC
T(a) ,

w
hich

does
not

contain
an

insert)
w
ith

RAM
P1

(i.e.
the

AM
Y1(a)

receptor)
has

a
high

affinity
for

C
G
RP,unlike

hC
T(a) -RAM

P3
(i.e.

AM
Y3(a)

receptor)
[337,718].

H
ow

ever,the
AM

Y
receptor

phenotype
is
RAM

P-type,splice
variant

and
cell-line-dependent

[1886].
In

particular,
C
G
RP

is
a
m
ore

po-
tent

agonist
than

am
ylin

(IA
PP,

P10997)
at

increasing
cAM

P
at

the
delta

47
hC

T(a)receptor,w
hen

transfected
w
ith

RAM
P1

(to
give

the
corresponding

AM
Y1(a)

receptor)in
C
os

7
cells

[ 1543].

The
ligandsdescribed

representthe
bestavailable

buttheirselectivity
is
lim

ited.
For

exam
ple,adrenom

edullin
has

appreciable
affinity

for
C
G
RP

receptors.
C
G
RP

can
show

significant
cross-reactivity

at
AM

Y
receptorsand

AM
2
receptors.Adrenom

edullin
2/interm

edin
also

has
high

affinity
forthe

AM
2
receptor[ 779].C

G
RP-(8-37)acts

as
an

an-
tagonistofC

G
RP

(pKi
8)

and
inhibits

som
e
AM

and
AM

Y
responses

(pKi
6-7).It

is
w
eak

at
C
T
receptors.Salm

on
C
T-(8-32)is

an
antag-

onistatboth
AM

Y
and

C
T
receptors.AC

187,a
salm

on
C
T
analogue,

is
also

an
antagonist

at
AM

Y
and

C
T
receptors.

H
um

an
AM

-(22-52)
hassom

e
selectivity

tow
ardsAM

receptors,butw
ith

m
odestpotency

(pKi
7),lim

iting
its

use
[720].

AM
-(22-52)

is
slightly

m
ore

effective
at

AM
1
than

AM
2
receptors

but
this

difference
is
not

sufficient
for

thispeptide
to

be
a
usefuldiscrim

inatorofthe
AM

receptorsubtypes.
O
lcegepantshow

sthe
greatestselectivity

betw
een

receptorsbutstill
has

significant
affinity

for
AM

Y1
receptors

[1973].

Ligand
responsiveness

at
C
T
and

AM
Y
receptors

can
be

affected
by

receptorsplice
variation

and
can

depend
on

the
pathw

ay
being

m
ea-

sured.Particularly
for

AM
Y
receptors,relative

potency
can

vary
w
ith

the
type

and
levelofRAM

P
present

and
can

be
influenced

by
other

factors
such

as
G

proteins
[ 1324,1886].

G
s
is
a
prom

inent
route

for
effector

coupling
for

C
LR

and
C
TR

but
other

pathw
ays

(e.g
.
C
a 2+

,
ERK,

Akt),
and

G
proteins

can
be

acti-
vated

[ 1972].
There

is
evidence

that
C
G
RP-RC

P
(a

148
am

ino-acid
hydrophilic

protein,
A
SL

(P04424)
is

im
portant

for
the

coupling
of

C
LR

to
adenylylcyclase

[498].

[ 125
I]-Salm

on
C
T
is
the

m
ostcom

m
on

radioligand
forC

T
receptors

butithashigh
affinity

forAM
Y
receptorsand

isalso
poorly

reversible.
[ 125

I]-Tyr 0-C
G
RP

isw
idely

used
asa

radioligand
forC

G
RP

receptors.
Som

e
early

literature
distinguished

betw
een

C
G
R
P1

and
C
G
R
P2

re-
ceptors.Itis

now
clearthatthe

com
plex

of
C
A
LC
R
L
and

R
A
M
P1

rep-
resentsthe

C
G
R
P1

subtype
and

isnow
know

n
sim

ply
asthe

C
G
RP

re-
ceptor

[721].
The

C
G
R
P2

receptoris
now

considered
to

have
arisen

from
the

actions
of

C
G
RP

at
AM

2
and

AM
Y
receptors.

This
term

should
notbe

used
[721].
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et
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(2012)

C
alcitonin

and
calcitonin

receptor-like
receptors:

com
m
on

them
es

w
ith

fam
ily

B
G
PC

Rs?
Br.

J.
Ph
a
rm
a
col.

1
6
6:

51-65
[PM

ID
:21649645]

Booe
JM

et
a
l.
(2015)

StructuralBasis
for

Receptor
Activity-M

odifying
Protein-D

ependentSelective
Pep-

tide
Recognition

by
a
G

Protein-C
oupled

Receptor.
M
ol.

C
ell[PM

ID
:25982113]

H
ay

D
L
et
a
l.

(2008)
InternationalU

nion
of

Pharm
acology.

LX
IX
.
Status

of
the

calcitonin
gene-related

peptide
subtype

2
receptor.

Ph
a
rm
a
col.

R
ev.

6
0:143-5

[PM
ID

:18552275]
H
ong

Y
et

a
l.

(2011)
The

pharm
acology

of
Adrenom

edullin
2/Interm

edin.
Br

J
Ph
a
rm
a
col

[PM
ID

:21658025]

M
oore

EL
et
a
l.(2011)Targeting

a
Fam

ily
B
G
PC

R/RAM
P
ReceptorC

om
plex:C

G
RP

ReceptorAntagonists
and

M
igraine.

Br
J
Ph
a
rm
a
col[PM

ID
:21871019]

Poyner
D
R
et
a
l.
(2002)

InternationalU
nion

ofPharm
acology.

X
X
X
II.The

m
am

m
alian

calcitonin
gene-

related
peptides,

adrenom
edullin,

am
ylin,

and
calcitonin

receptors.
Ph
a
rm
a
col

R
ev.

5
4:

233-246
[PM

ID
:12037140]

Russo
AF.(2015)C

alcitonin
gene-related

peptide
(C

G
RP):a

new
targetform

igraine.
A
n
n
u
.
R
ev.

Ph
a
rm
a
-

col.
Toxicol.

5
5:

533-52
[PM

ID
:25340934]

C
a
lciu

m
-se

n
sin

g
re
ce

p
to
rs

G
protein-coupled

receptors
C
alcium

-sensing
receptors

O
v
e
r
v
ie
w
:
The

calcium
-sensing

receptor
(C

aS,
p
r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y

N
C
-IU

P
H
A
R

[5
3
0
])

responds
to

extracellular
calcium

and
m
agnesium

in
the

m
illim

olar
range

and
to

gadolinium
and

som
e
polycationsin

the
m
icrom

olarrange
[ 229].The

sensitivity
ofC

aS
to

prim
ary

agonistscan
be

increased
by

arom
atic

L-am
ino

acids[362]and
also

by
elevated

extracellularpH
[1544]ordecreased

extracellularionic
strength

[1545].This
receptorbears

no
sequence

or
structuralrelation

to
the

plant
calcium

receptor,also
called

C
aS.

N
om

enclature
C
aS

receptor
G
PRC

6
receptor

H
G
N
C
,U

niProt
C
A
SR,P41180

G
PR
C
6
A,Q

5T6X
5

Am
ino-acid

rank
orderofpotency

L-phenylalanine,L-tryptophan,L-histidine
L-alanine

L-serine,L-proline,L-glutam
ic

acid
L-aspartic

acid
(notL-lysine,L-arginine,L-leucine

and
L-isoleucine)[362]

–

C
ation

rank
orderofpotency

G
d 3+

C
a 2+

M
g 2+

[229]
–

Polyam
ine

rank
orderofpotency

sperm
ine

sperm
idine

putrescine
[1546]

–

Allosteric
m
odulators

AC
265347

(Positive)(pEC
5
0
7.6–8.1)[1160],N

PS
2143

(N
egative)(pIC

5
0
7.1–7.4)[1377,2087],cinacalcet

(Positive)(pEC
5
0
7.3)[1378],calindol(Positive)(pEC

5
0
6.5)[1499],calindol(Positive)(p

K
d
6–6.5)[930],

tecalcet(Positive)(p
K
d
6.5)

[1379],calhex
231

(N
egative)(pIC

5
0
6.4)

[1500]

–

C
om

m
ents

2-benzylpyrrolidine
derivatives

ofN
PS

2143
are

also
negative

allosteric
m
odulators

ofthe
calcium

sensing
receptor[ 2087].etelcalcetide

is
a
novelpeptide

agonistofthe
receptor[1975].

G
PRC

6
is
a
related

G
q
-coupled

receptor
w
hich

responds
to

basic
am

ino
acids

[2004].

C
o
m

m
e
n
ts:

Positive
allosteric

m
odulators

of
C
aS

are
term

ed
Type

II
calcim

im
etics

and
can

suppress
parathyroid

horm
one

( PTH
(PT

H
,P01270))

secretion
[1379].N

egative
allosteric

m
odulators

are
called

calcilytics
and

can
act

to
increase

PTH
(PT

H
,
P01270)

secre-
tion

[1377].

The
centralrole

of
C
aS

in
the

m
aintenance

of
extracellular

calcium
hom

eostasisisseen
m
ostclearly

in
patientsw

ith
loss-of-function

C
aS

m
utations

w
ho

develop
fam

ilialhypocalciuric
hypercalcaem

ia
(het-

erozygous
m
utation)

or
neonatalsevere

hyperparathyroidism
(ho-

m
ozygous

m
utation)and

in
C
aS

nullm
ice

[293,765],w
hich

exhibit

sim
ilar

increases
in

PTH
secretion

and
blood

C
a 2+

levels.
A

gain-
of-function

m
utation

in
the

C
aS

gene
is
associated

w
ith

autosom
al

dom
inanthypocalcaem

ia.
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Fu
rth

e
r
R
e
a
d
in
g

Breitw
ieser

G
E.

(2012)
M
inireview

:
the

intim
ate

link
betw

een
calcium

sensing
receptor

trafficking
and

signaling:
im

plications
for

disorders
of

calcium
hom

eostasis.
M
ol.

En
d
ocrin

ol.
2
6:

1482-95
[PM

ID
:22745192]

Brow
n
EM

.(2013)
Role

ofthe
calcium

-sensing
receptor

in
extracellular

calcium
hom

eostasis.
Best

Pra
ct.

R
es.

C
lin
.
En
d
ocrin

ol.
M
eta

b
.
2
7:333-43

[PM
ID

:23856263]
C
onigrave

AD
et
a
l.
(2013)

C
alcium

-sensing
receptor

(C
aSR):pharm

acologicalproperties
and

signaling
pathw

ays.
Best

Pra
ct.

R
es.

C
lin
.
En
d
ocrin

ol.
M
eta

b
.
2
7:

315-31
[PM

ID
:23856262]

M
agno

AL
et
a
l.

(2011)
The

calcium
-sensing

receptor:
a
m
olecular

perspective.
En
d
ocr.

R
ev.

3
2:

3-30
[PM

ID
:20729338]

N
em

eth
EF
et
a
l.(2013)C

alcim
im

etic
and

calcilytic
drugsfortreating

bone
and

m
ineral-related

disorders.
Best

Pra
ct.

R
es.

C
lin
.
En
d
ocrin

ol.
M
eta

b
.
2
7:

373-84
[PM

ID
:23856266]

W
ellendorph

P
et
a
l.

(2004)
M
olecular

cloning,
expression,

and
sequence

analysis
of

G
PRC

6A,a
novel

fam
ily

C
G
-protein-coupled

receptor.
G
en
e
3
3
5:

37-46
[PM

ID
:15194188]

Yarova
PL

et
a
l.
(2015)

C
alcium

-sensing
receptor

antagonists
abrogate

airw
ay

hyperresponsiveness
and

inflam
m
ation

in
allergic

asthm
a.
SciTra

n
slM

ed
7:284ra60

[PM
ID

:25904744]

C
a
n
n
a
b
in
o
id

re
ce

p
to
rs

G
protein-coupled

receptors
C
annabinoid

receptors

O
v
e
r
v
ie
w
:
C
annabinoid

receptors
(n

o
m

e
n
c
la

tu
r
e

a
s
a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

C
a
n
n
a
b
in

o
id

R
e
c
e
p
to

r
s
[1

4
9
4
])

are
activated

by
endogenous

ligands
that

include
N
-

arachidonoylethanolam
ine

( anandam
ide),

N
-hom

o-γ-linolenoylethanolam
ine,

N
-docosatetra-7,10,13,16-enoylethanolam

ine
and

2-arachidonoylglycerol.
Potency

determ
inations

of
endogenous

agonists
at

these
receptors

are
com

plicated
by

the
possibility

ofdifferentialsusceptibility
ofendogenous

ligands
to

enzym
atic

conversion
[35].

N
om

enclature
C
B1

receptor
C
B2

receptor

H
G
N
C
,U

niProt
C
N
R
1,P21554

C
N
R
2,P34972

(Sub)fam
ily-

selective
agonists

H
U
-210

(p
K
i 9.1–10.2)

[509,1733],C
P55940

(p
K
i 8.3–9.2)[509,1602,1733],W

IN
55212-2

(p
K
i 6.9–8.7)[509,1730,1733],

9
-tetrahydrocannabinol(Partialagonist)

(p
K
i 7.3–7.4)

[ 509,1733]

H
U
-210

(p
K
i 9.3–9.8)[509,1579,1733],W

IN
55212-2

(p
K
i 8.4–9.6)[509,1730,

1733],C
P55940

(p
K
i 8.6–9.2)

[509,1602,1733],
9
-tetrahydrocannabinol

(Partialagonist)(p
K
i 7.1–7.5)

[106,509,1579,1733]

Selective
agonists

arachidonyl-2-chloroethylam
ide

(p
K
i 8.9)[755]–

Rat,arachidonylcyclopropylam
ide

(p
K
i 8.7)

[755]–
Rat,O

-1812
(p
K
i 8.5)[420]–

Rat,
R-(+)-m

ethanandam
ide

(p
K
i 7.7)

[931]–
Rat

JW
H
-133

(p
K
i 8.5)[804,1493],L-759,633

(p
K
i 7.7–8.2)[576,1602],AM

1241
(p
K
i 8.1)

[2088],L-759,656
(p
K
i 7.7–7.9)[576,1602],H

U
-308

(p
K
i 7.6)

[699]

Selective
antagonists

rim
onabant(p

K
i 7.9–8.7)

[508,509,1586,1613,1733],AM
251

(p
K
i 8.1)

[1038]–
Rat,

AM
281

(p
K
i 7.9)[1037]–

Rat,LY320135
(p
K
i 6.9)

[508]
SR144528

(p
K
i 8.3–9.2)[1587,1602],AM

-630
(p
K
i 7.5)

[1602]

Labelled
ligands

[ 3
H
]rim

onabant(Antagonist)(p
K
d
8.9–10)[205,761,889,1498,1588,1742,1873]–

Rat
–

C
o
m

m
e
n
ts:

Both
C
B1

and
C
B2

receptors
m
ay

be
labelled

w
ith

[ 3
H
]C

P55940
(0.5

nM
;
[1733])

and
[ 3
H
]W

IN
55212-2

(2-2.4
nM

;
[1756,

1783]).
Anandam

ide
is
also

an
agonist

at
vanilloid

receptors
(TRPV1)

and
PPARs

[1418,
2135].

There
is
evidence

for
an

allosteric
site

on
the

C
B1

receptor
[1532].

Allof
the

com
pounds

listed
as

antagonists
behave

as
inverse

agonists
in

som
e
bioassay

system
s
[1494].

M
oreover,

G
PR18,G

PR55
and

G
PR119,although

show
ing

little
structuralsim

ilarity
to

C
B1

and
C
B2

receptors,respond
to

endogenous
agents

thatare
structurally

sim
ilar

to
the

endogenous
cannabinoid

ligands
[1494].
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Alexander
SP

et
a
l.
(2007)

The
com

plications
ofprom

iscuity:
endocannabinoid

action
and

m
etabolism

.
Br.

J.
Ph
a
rm
a
col.

1
5
2:

602-23
[PM

ID
:17876303]

D
iM

arzo
V
et
a
l.(2007)

Endocannabinoids
and

the
regulation

oftheirlevels
in

health
and

disease.
C
u
rr.

O
p
in
.
Lip
id
ol.

1
8:

129-40
[PM

ID
:17353660]

H
ow

lettAC
et
a
l.(2011)Endocannabinoid

tone
versus

constitutive
activity

ofcannabinoid
receptors.

Br.
J.
Ph
a
rm
a
col.

1
6
3:

1329-43
[PM

ID
:21545414]

M
cPartland

JM
et
a
l.
(2007)

M
eta-analysis

ofcannabinoid
ligand

binding
affinity

and
receptor

distribu-
tion:interspecies

differences.
Br.

J.
Ph
a
rm
a
col.

1
5
2:

583-93
[PM

ID
:17641667]

M
echoulam

R
et
a
l.

(2013)
The

endocannabinoid
system

and
the

brain.
A
n
n
u
R
ev

Psych
ol

6
4:

21-47
[PM

ID
:22804774]

O
’Sullivan

SE.
(2007)

C
annabinoids

go
nuclear:

evidence
for

activation
of

peroxisom
e
proliferator-

activated
receptors.

Br.
J.
Ph
a
rm
a
col.

1
5
2:

576-82
[PM

ID
:17704824]

Pertw
ee

RG
et
a
l.

(2010)
InternationalU

nion
of

Basic
and

C
linicalPharm

acology.
LX

X
IX
.
C
annabinoid

receptorsand
theirligands:beyond

C
B_1

and
C
B_2.

Ph
a
rm
a
col.

R
ev.

6
2:588-631

[PM
ID

:21079038]
Ross

RA.(2011)
L-α-lysophosphatidylinositolm

eets
G
PR55:a

deadly
relationship.

Tren
d
s
Ph
a
rm
a
col.

Sci.
3
2:

265-9
[PM

ID
:21367464]

C
h
e
m
e
rin

re
ce

p
to
r

G
protein-coupled

receptors
C
hem

erin
receptor

O
v
e
r
v
ie
w
:The

chem
erin

receptor(n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d
b
y
N
C
-IU

P
H
A
R

[3
9
6
])is

activated
by

chem
erin

[1148,1253,2108]and
the

lipid-derived,anti-inflam
m
atory

ligand
resolvin

E1
(RvE1),

w
hich

is
the

result
ofsequentialm

etabolism
of

EPA
by

aspirin-m
odified

cyclooxygenase
and

lipoxygenase
[56,57].

In
addition,tw

o
G
PC

Rs
for

resolvin
D
1
(RvD

1)
have

been
identified,FPR2/ALX

,the
lipoxin

A4
receptor,and

G
PR32,an

orphan
receptor[1006].

N
om

enclature
chem

erin
receptor

H
G
N
C
,U

niProt
C
M
K
LR
1,Q

99788

Rank
orderofpotency

resolvin
E1

chem
erin

C
-term

inalpeptide
18R-H

EPE
EPA

[56]

Selective
agonists

resolvin
E1

Labelled
ligands

[ 3H
]resolvin

E1
(Agonist)

(p
K
d
8)[56,57]

C
h
e
m
o
kin

e
re
ce

p
to
rs

G
protein-coupled

receptors
C
hem

okine
receptors

O
v
e
r
v
ie
w
:C

hem
okine

receptors(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n
C
h
e
m

o
k
in

e
R
e
c
e
p
to

r
s

[7
8
,
1
3
4
6
,
1
3
4
7
])com

prise
a
large

subfam
ily

of7TM
proteinsthat

bind
one

or
m
ore

chem
okines,a

large
fam

ily
ofsm

allcytokines
typ-

ically
possessing

chem
otactic

activity
for

leukocytes.
C
hem

okine
re-

ceptorscan
be

divided
by

function
into

tw
o
m
ain

groups:G
protein-

coupled
chem

okine
receptors,w

hich
m
ediate

leukocyte
trafficking,

and
“Atypicalchem

okine
receptors”,w

hich
m
ay

signalthrough
non-

G
protein-coupled

m
echanism

s
and

actas
chem

okine
scavengers

to
dow

nregulate
inflam

m
ation

orshape
chem

okine
gradients

[ 78].

C
hem

okines
in

turn
can

be
divided

by
structure

into
four

subclasses
by

the
num

ber
and

arrangem
ent

of
conserved

cysteines.
C
C

(also
know

n
as

β-chem
okines;n=

28),C
X
C
(also

know
n
as

α-chem
okines;

n=
17)

and
C
X
3C

(n=
1)

chem
okines

all
have

four
conserved

cys-
teines,w

ith
zero,one

and
three

am
ino

acids
separating

the
firsttw

o
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P
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lo
g
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0
1
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7
2
,
5
7
4
4
–5

8
6
9

cysteinesrespectively.C
chem

okines(n=
2)have

only
the

second
and

fourth
cysteinesfound

in
otherchem

okines.C
hem

okinescan
also

be
classified

by
function

into
hom

eostatic
and

inflam
m
atory

subgroups.
M
ost

chem
okine

receptors
are

able
to

bind
m
ultiple

high-affinity
chem

okine
ligands,

but
the

ligands
for

a
given

receptor
are

alm
ost

alw
ays

restricted
to

the
sam

e
structuralsubclass.

M
ost

chem
okines

bind
to

m
ore

than
one

receptorsubtype.Receptorsforinflam
m
atory

chem
okines

are
typically

highly
prom

iscuous
w
ith

regard
to

ligand
specificity,

and
m
ay

lack
a
selective

endogenous
ligand.

G
protein-

coupled
chem

okine
receptors

are
nam

ed
acccording

to
the

class
of

chem
okines

bound,
w
hereas

AC
KR

is
the

root
acronym

for
atypi-

calchem
okine

receptors
[ 79].Listed

are
those

hum
an

agonists
w
ith

EC
50

values
50

nM
in

eitherC
a 2+

flux
orchem

otaxis
assays

athu-
m
an

recom
binantG

protein-coupled
chem

okine
receptorsexpressed

in
m
am

m
alian

cell
lines.

There
can

be
substantial

cross-species
differences

in
the

sequences
ofboth

chem
okinesand

chem
okine

re-
ceptors,and

in
the

pharm
acology

and
biology

ofchem
okine

recep-

tors.
Endogenous

and
m
icrobialnon-chem

okine
ligands

have
also

been
identified

forchem
okine

receptors.M
any

chem
okine

receptors
function

asH
IV

co-receptors,butC
C
R5

isthe
only

one
dem

onstrated
to

play
an

essentialrole
in

H
IV/AID

S
pathogenesis.

The
tables

in-
clude

both
standard

chem
okine

receptornam
es[ 2101]and

the
m
ost

com
m
only

used
aliases.

N
um

erical
data

quoted
are

typically
p
Ki

or
pIC

50
values

from
radioligand

binding
to

heterologously
ex-

pressed
receptors.

N
om

enclature
C
C
R1

C
C
R2

C
C
R3

H
G
N
C
,U

niProt
C
C
R
1,P32246

C
C
R
2,P41597

C
C
R
3,P51677

Endogenous
agonists

C
C
L3

(C
C
L3,P10147)

(p
K
i 7.8–10.2)[328,357,747,

2134],C
C
L23

(C
C
L2
3,P55773)

(Selective)(p
K
i 8.9)

[328],C
C
L5

(C
C
L5,P13501)

(p
K
i 6.8–8.2)[357,747],

C
C
L7

(C
C
L7,P80098)

(p
K
i 8.1)[328,667],C

C
L15

(C
C
L1
5,Q

16663)
(Selective)(pIC

5
0
7.9)

[373],C
C
L14

(C
C
L1
4,Q

16627)
(p
K
i 7.4)

[328],C
C
L13

(C
C
L1
3,

Q
99616),C

C
L8

(C
C
L8,P80075)

C
C
L2

(C
C
L2,P13500)

(pIC
5
0
9.3–10.2)[373,1159,

1291,1465,1920],C
C
L13

(C
C
L1
3,Q

99616)
(pIC

5
0

8.6–8.7)
[1159,1920],C

C
L7

(C
C
L7,P80098)

(pIC
5
0

8.4–8.7)
[373,1159,1920],C

C
L11

(C
C
L1
1,P51671)

(Partialagonist)
(pIC

5
0
7.1–7.7)

[ 1159,1465],C
C
L16

(C
C
L1
6,O

15467)

C
C
L13

(C
C
L1
3,Q

99616)
(pIC

5
0
8.7–10.3)

[1332,
1920],C

C
L24

(C
C
L2
4,O

00175)
(Selective)(pIC

5
0

8–9.4)
[1332,1465],C

C
L5

(C
C
L5,P13501)

(p
K
i

8.5–9.3)[391],C
C
L7

(C
C
L7,P80098)

(p
K
i

8.6–9.2)[ 391],C
C
L11

(C
C
L1
1,P51671)

(Selective)
(pIC

5
0
8.7–9)

[452,961,1332,1625,1920],
C
C
L26

(C
C
L2
6,Q

9Y258)
(Selective)(pIC

5
0

7.9–8.9)[961,1332,1465],C
C
L15

(C
C
L1
5,

Q
16663)

(pIC
5
0
8.6)

[373],C
C
L28

(C
C
L2
8,

Q
9N

RJ3),C
C
L8

(C
C
L8,P80075)

Agonists
–

–
C
C
L11

{M
ouse}(p

K
i 9.5–10)

[391]

Endogenous
antagonists

C
C
L4

(C
C
L4,P13236)

(Selective)(p
K
i 7.1–7.8)

[328,
357]

C
C
L26

(C
C
L2
6,Q

9Y258)
(Selective)(pIC

5
0
8.5)[1465]

C
X
C
L10

(C
X
C
L1
0,P02778)

(Selective),C
X
C
L11

(C
X
C
L1
1,O

14625)(Selective),C
X
C
L9

(C
X
C
L9,

Q
07325)

(Selective)

Antagonists
–

–
–

Selective
antagonists

BX
471

(p
K
i 8.2–9)

[1098],
com

pound
2b-1

[PM
ID

:12614873]
(pIC

5
0
8.7)

[1368],C
P-481,715

(p
K
d
8)[614],

U
C
B35625

(pIC
5
0
8)

[1625]

G
SK

C
om

pound
34

(p
K
i 7.6)

banyu
(I)

(Inverse
agonist)(p

K
i 8.5)

[1977],
SB328437

(p
K
i 8.4),BM

S
com

pound
87b

(p
K
i

8.1)[1964]

Antibodies
–

–
–

Labelled
ligands

[ 125I]C
C
L7

(hum
an)(Agonist)

(p
K
d
9.2)

[127],
[ 125I]C

C
L3

(hum
an)(Agonist)

(p
K
d
8–8.8)

[127,623,
1646],[ 125

I]C
C
L5

(hum
an)(Agonist)(p

K
d
8.2)[1646]

[ 125
I]C

C
L2

(hum
an)(Agonist),[ 125

I]C
C
L7

(hum
an)

(Agonist)
[ 125I]C

C
L11

(hum
an)(Antagonist)(p

K
d
8.3)

[1977],[ 125I]C
C
L5

(hum
an)(Agonist),

[ 125I]C
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L7

(hum
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N
om

enclature
C
C
R4

C
C
R5

H
G
N
C
,U

niProt
C
C
R
4,P51679

C
C
R
5,P51681

Endogenous
agonists

C
C
L22

(C
C
L2
2,O

00626)
(Selective)(pIC

5
0
9.2)[822],C

C
L17

(C
C
L1
7,Q

92583)
(Selective)(pIC

5
0
8.7)[ 822]

C
C
L5

(C
C
L5,P13501)

(p
K
i 9.2–9.7)[75,1364,1611],C

C
L4

(C
C
L4,P13236)

(Selective)(p
K
i 9.4–9.6)

[ 1364,1611],C
C
L8

(C
C
L8,P80075)

(p
K
i 9.3)

[1611],C
C
L3

(C
C
L3,P10147)

(p
K
i 8–8.9)

[1364,1611,2134],C
C
L11

(C
C
L1
1,P51671)

(pIC
5
0
7.7)

[157],C
C
L2

(C
C
L2,P13500)

(p
K
i 7.5)[1364],C

C
L14

(C
C
L1
4,Q

16627)(p
K
i 7.2)

[1364],C
C
L16

(C
C
L1
6,O

15467)

Agonists
vM

IP-III
R5-H

IV-1
gp120

Endogenous
antagonists

–
C
C
L7

(C
C
L7,P80098)

(Selective)(p
K
i 7.5)

[1364]

Antagonists
–

vicriviroc
(p
K
i 9.1)[1805],ancriviroc

(p
K
i 7.8–8.7)[1173,1455,1805]

Selective
antagonists

–
E913

(pIC
5
0
8.7)[1174],aplaviroc

(p
K
i 8.5)[1173],m

araviroc
(pIC

5
0
8.1)[1364],

TAK-779
(p
K
i 7.5)[1173],M

RK-1
[1023]–

Rat

Antibodies
m
ogam

ulizum
ab

(Inhibition)[51,1731]
–

Labelled
ligands

[ 125
I]C

C
L17

(hum
an)(Agonist),[ 125I]C

C
L27

(hum
an)(Agonist)

[ 125I]C
C
L4

(hum
an)(Agonist)(p

K
d
9.6)

[1364],[ 125I]C
C
L3

(hum
an)(Agonist),

[ 125I]C
C
L5

(hum
an)(Agonist),[ 125

I]C
C
L8

(hum
an)(Agonist)

N
om

enclature
C
C
R6

C
C
R7

C
C
R8

C
C
R9

C
C
R10

H
G
N
C
,U

niProt
C
C
R
6,P51684

C
C
R
7,P32248

C
C
R
8,P51685

C
C
R
9,P51686

C
C
R
1
0,P46092

Endogenous
agonists

C
C
L20

(C
C
L2
0,P78556)

(pIC
5
0
7.9–8.5)[18,74,

1526],beta-defensin
4A

(D
EFB4

A
D
EFB4

B,O
15263)

(Selective)[2081]

C
C
L21

(C
C
L2
1,O

00585)
(Selective)(pIC

5
0
9.3)

[2099],
C
C
L19

(C
C
L1
9,Q

99731)
(Selective)(pIC

5
0
7.7–9,

m
edian

8.6)[1449,2098,
2099]

C
C
L1

(C
C
L1,P22362)

(Selective)(pIC
5
0
8.5–9.8)

[387,710,824],C
C
L8

{M
ouse}

–
M
ouse

C
C
L25

(C
C
L2
5,O

15444)
(Selective)

C
C
L27

(C
C
L2
7,Q

9Y4X
3)

(Selective),C
C
L28

(C
C
L2
8,

Q
9N

RJ3)
(Selective)

Agonists
–

–
vM

IP-I(pIC
5
0
8.9–9.9)[387,

824]
–

–

Selective
antagonists

–
–

vM
C
C
-I(pIC

5
0
9.4)

[387]
–

–

Labelled
ligands

[ 125
I]C

C
L20

(hum
an)

(Agonist)
(p
K
d

10)[641]
[ 125

I]C
C
L19

(hum
an)

(Agonist),
[ 125

I]C
C
L21

(hum
an)

(Agonist)
[856]

[ 125
I]C

C
L1

(hum
an)(Agonist)

(p
K
d
8.9–9.7)

[824,1597]
[ 125I]C

C
L25

(hum
an)

(Agonist)
–
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N
om

enclature
C
X
C
R1

C
X
C
R2

C
X
C
R3

H
G
N
C
,U

niProt
C
X
C
R
1,P25024

C
X
C
R
2,P25025

C
X
C
R
3,P49682

Endogenous
agonists

C
X
C
L8

(C
X
C
L8,P10145)

(p
K
i 8.8–9.5)

[142,675,
1068,2032,2049],C

X
C
L6

(C
X
C
L6,P80162)

(p
K
i 7)

[2053]

C
X
C
L1

(C
X
C
L1,P09341)

(Selective)(p
K
i 8.4–9.7)

[675,
1068,2049],C

X
C
L8

(C
X
C
L8,P10145)

(p
K
i 8.8–9.5)

[142,675,1068,2032,2049],C
X
C
L7

(PPBP,P02775)
(Selective)(pIC

5
0
6.3–9.3)

[16],C
X
C
L3

(C
X
C
L3,

P19876)
(Selective)(pIC

5
0
7.8–9.2)

[16],C
X
C
L2

(C
X
C
L2,P19875)

(Selective)(pIC
5
0
7–9.1)[16],C

X
C
L5

(C
X
C
L5,P42830)

(Selective)(pIC
5
0
6.9–9)[16],C

X
C
L6

(C
X
C
L6,P80162)

(p
K
d
7)[2053]

C
X
C
L11

(C
X
C
L1
1,O

14625)
(Selective)(p

K
i 10.4–10.5)

[ 734],C
X
C
L10

(C
X
C
L1
0,P02778)

(Selective)(p
K
i

7.8–9.8)
[734,2006],C

X
C
L9

(C
X
C
L9,Q

07325)
(Selective)(p

K
i 7.3–8.3)[734,2006]

Agonists
vC

X
C
L1

(pIC
5
0
7.4)[1158],H

IV-1
m
atrix

protein
p17

(p
K
d
5.7)[602]

vC
X
C
L1

(pIC
5
0
8.2)

[1158],H
IV-1

m
atrix

protein
p17

(p
K
d
6.9)

[602]
–

Selective
agonists

–
–

–

Endogenous
antagonists

–
–

C
C
L11

(C
C
L1
1,P51671)

(Selective)(p
K
i 7.2)[2006],

C
C
L7

(C
C
L7,P80098)

(Selective)(p
K
i 6.6)

[2006]

Antagonists
–

–
–

Selective
antagonists

–
navarixin

(pIC
5
0
10.3)[78,456],danirixin

(pIC
5
0
7.9)

[1285],SB
225002

(pIC
5
0
7.7)[2016],elubirixin

(pIC
5
0

7.7)
[78],SX

-517
(pIC

5
0
7.2)[1172]

–

Allosteric
m
odulators

reparixin
(N

egative)(pIC
5
0
9)[142]

reparixin
(N

egative)(pIC
5
0
6.4)[142]

–

Labelled
ligands

[ 125
I]C

X
C
L8

(hum
an)(Agonist)(p

K
d
8.9–9.6)[675,

1584]
[ 125

I]C
X
C
L8

(hum
an)(Agonist)(p

K
d
9–9.4)

[675,
1584],[ 125I]C

X
C
L1

(hum
an)(Agonist),

[ 125
I]C

X
C
L5

(hum
an)(Agonist),

[ 125
I]C

X
C
L7

(hum
an)(Agonist)

[ 125
I]C

X
C
L10

(hum
an)(Agonist),

[ 125
I]C

X
C
L11

(hum
an)(Agonist)

C
om

m
ents

Reports
on

the
expression

ofnative
C
X
C
R1

by
m
ouse

leukocytes
are

notconclusive.There
are

reports
on

the
existence

ofm
ouse

C
xcr1

and
on

C
xcr1

knockoutm
ice,

butthe
distinctfunction

ofthe
gene

and
ofits

knockout
phenotype

are
unclear[ 118,351,1297,1628,1794].

–
–
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C
X
C
R4

C
X
C
R5

C
X
C
R6

H
G
N
C
,U

niProt
C
X
C
R
4,P61073

C
X
C
R
5,P32302

C
X
C
R
6,O

00574

Endogenous
agonists

C
X
C
L12

α
(C
X
C
L1
2,P48061)

(Selective)(p
K
d
7.7–8.2)

[ 746,1136],C
X
C
L12

β
(C
X
C
L1
2,P48061)

(Selective)
(p
K
d
7.9)[746]

C
X
C
L13

(C
X
C
L1
3,O

43927)
(Selective)(p

K
d
7.3)[97]

C
X
C
L16

(C
X
C
L1
6,Q

9H
2A7)

(Selective)(p
K
d
9)

[2026]

Agonists
–

–

Selective
agonists

ALX
40-4C

(Partialagonist)
(pIC

5
0
6.1)[2121],

X
4-H

IV-1
gp120

–

Endogenous
antagonists

–
–

Antagonists
plerixafor

(p
K
i 7)

[2121]
–

Selective
antagonists

T134
(pIC

5
0
8.4)[1856],AM

D
070

(pIC
5
0
7.9)

[1750],
H
IV-Tat

–

Allosteric
m
odulators

–
–

Labelled
ligands

[ 125
I]C

X
C
L12

α
(hum

an)(Agonist)(p
K
d
8.1–8.4)[421,

746]
[ 125

I]C
X
C
L13

(m
ouse)(Agonist)

[222]–
M
ouse

[ 125
I]C

X
C
L16

(hum
an)(Agonist)

C
om

m
ents

–
–

–

N
om

enclature
C
X
3
C
R1

X
C
R1

AC
KR1

AC
KR2

H
G
N
C
,U

niProt
C
X
3
C
R
1,P49238

X
C
R
1,P46094

A
C
K
R
1,Q

16570
A
C
K
R
2,O

00590

Endogenous
ligands

–
–

C
X
C
L5

(C
X
C
L5,P42830),C

X
C
L6

(C
X
C
L6,P80162),C

X
C
L8

(C
X
C
L8,

P10145),C
X
C
L11

(C
X
C
L1
1,O

14625),
C
C
L2

(C
C
L2,P13500),C

C
L5

(C
C
L5,

P13501),C
C
L7

(C
C
L7,P80098),

C
C
L11

(C
C
L1
1,P51671),C

C
L14

(C
C
L1
4,Q

16627),C
C
L17

(C
C
L1
7,

Q
92583)

C
C
L2

(C
C
L2,P13500),C

C
L3

(C
C
L3,

P10147),C
C
L4

(C
C
L4,P13236),C

C
L5

(C
C
L5,P13501),C

C
L7

(C
C
L7,P80098),

C
C
L8

(C
C
L8,P80075),C

C
L11

(C
C
L1
1,

P51671),C
C
L13

(C
C
L1
3,Q

99616),
C
C
L14

(C
C
L1
4,Q

16627),C
C
L17

(C
C
L1
7,Q

92583),C
C
L22

(C
C
L2
2,

O
00626)

Endogenous
agonists

C
X
3
C
L1

(C
X
3
C
L1,P78423)

(Selective)
(pIC

5
0
8.9)

[ 577]
X
C
L1

(X
C
L1,P47992)

(Selective),X
C
L2

(X
C
L2,Q

9U
BD

3)
(Selective)

–
–

Labelled
ligands

[ 125I]C
X
3
C
L1

(hum
an)(Agonist)

–
–

C
om

m
ents

–
W
hen

fused
w
ith

secreted
alkaline

phophatase
(SEAP),X

C
L1

functions
as

a
probe

atX
C
R1

AC
KR1

is
used

by
Pla

sm
od
iu
m
viva

x
and

Pla
sm
od
iu
m
kn
ow
lseifor

entering
erythrocytes.

S
e
a
rc
h
a
b
le

d
a
ta
b
a
se

:
h
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/
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h
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rm
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x
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h
e
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o
k
in
e
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c
e
p
to
rs

5
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8
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e
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Y
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5
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6
:
G
p
ro
tein-co

up
led

recep
to
rs.

B
ritish

Jo
urnalo

f
P
harm

aco
lo
g
y
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0
1
5
)
1
7
2
,
5
7
4
4
–5

8
6
9

N
om

enclature
AC

KR3
AC

KR4
C
C
RL2

H
G
N
C
,U

niProt
A
C
K
R
3,P25106

A
C
K
R
4,Q

9N
PB9

C
C
R
L2,O

00421

Endogenous
ligands

–
–

chem
erin

C
-term

inalpeptide,C
C
L19

(C
C
L1
9,Q

99731)
[95]

Endogenous
agonists

C
X
C
L12

α
(C
X
C
L1
2,P48061)

(pEC
5
0
7.5–7.9)

[640,
1785],C

X
C
L11

(C
X
C
L1
1,O

14625),adrenom
edullin

{M
ouse}

[965]–
M
ouse

C
C
L19

(C
C
L1
9,Q

99731)
(p
K
i 8.4)[1997],C

C
L25

(C
C
L2
5,O

15444)(p
K
i 7.6)

[1997],C
C
L21

(C
C
L2
1,

O
00585)

(p
K
i 6.9)[1997]

–

C
o
m

m
e
n
ts:

M
ouse

C
xcr

binds
iodinated

m
ouse

KC
(C

X
C
L1

{M
ouse})

and
m
ouse

M
IP-2

(C
X
C
L2

{M
ouse})

w
ith

high
affinity

(m
ouse

KC
and

M
IP-2

are
hom

ologues
of

hum
an

C
X
C
L1

(C
X
C
L1,

P09341),
C
X
C
L2

(C
X
C
L2,

P19875)
and

C
X
C
L3

(C
X
C
L3,

P19876)),
butshow

s
low

affinity
for

hum
an

IL-8
( C

X
C
L8

(C
X
C
L8,P10145)).

Specific
chem

okine
receptors

facilitate
cellentry

by
m
icrobes,

such
as

AC
KR1

for
Pla

sm
od
iu
m
viva

x,and
C
C
R5

forH
IV-1.Virally

encoded
chem

okine
receptors

are
know

n
(e.g

.
U
S28,a

hom
ologue

ofC
C
R1

from
hum

an
cytom

egalovirusand
O
RF74,w

hich
encodesa

hom
olog

ofC
X
C
R2

in
H
erp

esviru
s
sa
im
iriand

H
erpesvirus-68),buttheirrole

in
virallife

cycles
is
not

established.
Viruses

can
exploit

or
subvert

the
chem

okine
system

by
producing

chem
okine

antagonists
and

scav-
engers.

The
C
C

chem
okine

fam
ily

(C
C
L1-28)

includes
I309

(C
C
L1

(C
C
L1,

P22362)),
M
C
P-1

(C
C
L2

(C
C
L2,

P13500)),
M
IP-1

α
(C

C
L3

(C
C
L3,

P10147)),
M
IP-1

β
(C

C
L4

(C
C
L4,

P13236)),
RAN

TES
(C

C
L5

(C
C
L5,

P13501)),
M
C
P-3

(C
C
L7

(C
C
L7,

P80098)),
M
C
P-2

(C
C
L8

(C
C
L8,

P80075)),
eotaxin

(C
C
L11

(C
C
L1
1,

P51671)),
M
C
P-4

(C
C
L13

(C
C
L1
3,Q

99616)),H
C
C
-1

(C
C
L14

(C
C
L1
4,Q

16627)),Lkn-1/H
C
C
-2

(C
C
L15

(C
C
L1
5,

Q
16663)),

TARC
(C

C
L17

(C
C
L1
7,

Q
92583)),

ELC
( C

C
L19

(C
C
L1
9,

Q
99731)),

LARC
(C

C
L20

(C
C
L2
0,

P78556)),
SLC

( C
C
L21

(C
C
L2
1,O

00585)),M
D
C
(C

C
L22

(C
C
L2
2,O

00626)),M
PIF-

1
( C

C
L23

(C
C
L2
3,

P55773)),
eotaxin-2

(C
C
L24

(C
C
L2
4,

O
00175)),

TEC
K
( C

C
L25

(C
C
L2
5,O

15444)),eotaxin
(C

C
L26

(C
C
L2
6,Q

9Y258)),
eskine/C

TAC
K
(C

C
L27

(C
C
L2
7,Q

9Y4X
3))

and
M
EC

(C
C
L28

(C
C
L2
8,

Q
9N

RJ3)).
The

C
X
C

chem
okine

fam
ily

(C
X
C
L1-17)

includes
G
RO

α
( C

X
C
L1

(C
X
C
L1,P09341)),G

RO
β
(C

X
C
L2

(C
X
C
L2,P19875)),G

RO
γ

( C
X
C
L3

(C
X
C
L3,P19876)),plateletfactor

4
(C

X
C
L4

(PF4,P02776)),
EN

A78
( C

X
C
L5

(C
X
C
L5,P42830)),G

C
P-2

(C
X
C
L6

(C
X
C
L6,P80162)),

N
AP-2

(C
X
C
L7

(PPBP,P02775)),IL-8
(C

X
C
L8

(C
X
C
L8,P10145)),M

IG
( C

X
C
L9

(C
X
C
L9,

Q
07325)),

IP10
(C

X
C
L10

(C
X
C
L1
0,

P02778)),
I-

TAC
( C

X
C
L11

(C
X
C
L1
1,

O
14625)),

SD
F-1

(C
X
C
L12,

i.e.
C
X
C
L12

α
(C
X
C
L1
2,P48061)

and
C
X
C
L12

β
(C
X
C
L1
2,P48061)),BLC

(C
X
C
L13

(C
X
C
L1
3,

O
43927)),

BRAK
(C

X
C
L14

(C
X
C
L1
4,

O
95715)),

m
ouse

lungkine
(C

X
C
L15

{M
ouse})SR-PSO

X
(C

X
C
L16

(C
X
C
L1
6,Q

9H
2A7))

and
C
X
C
L17

(C
X
C
L1
7,

Q
6U

X
B2).

The
C
X
3
C

chem
okine

(C
X
3
C
L1

(C
X
3
C
L1,

P78423))
is

also
know

n
as

fractalkine
(neurotactin

in
the

m
ouse).

Like
C
X
C
L16

(C
X
C
L1
6,

Q
9H

2A7),
and

unlike
other

chem
okines,

C
X
3
C
L1

(C
X
3
C
L1,

P78423)
is

m
ultim

odular
contain-

ing
a
chem

okine
dom

ain,
an

elongated
m
ucin-like

stalk,
a
trans-

m
em

brane
dom

ain
and

a
cytoplasm

ic
tail.Both

plasm
a
m
em

brane-
associated

and
shed

form
s
have

been
identified.

The
C

chem
okine

( X
C
L1

(X
C
L1,P47992))

is
also

know
n
as

lym
photactin.

Tw
o
chem

okine
receptor

antagonists
have

now
been

approved
by

the
FD

A:
the

C
C
R5

antagonist
m
araviroc

(Pfizer)
for

treatm
ent

of
H
IV/AID

S
in

patients
w
ith

C
C
R5-using

strains;
and

the
C
X
C
R4

an-
tagonist

plerixafor
(Sanofi)

for
hem

atopoietic
stem

cellm
obilization

w
ith

G
-C

SF
(C
SF3,P09919)in

patientsundergoing
transplantation

in
the

contextofchem
otherapy

forlym
phom

a
and

m
ultiple

m
yelom

a.

Fu
rth

e
r
R
e
a
d
in
g

Bachelerie
F
et
a
l.(2015)An

atypicaladdition
to

the
chem

okine
receptornom

enclature:IU
PH

AR
Review

15
.
Br.

J.
Ph
a
rm
a
col.[PM

ID
:25958743]

Koelink
PJ
et
a
l.

(2012)
Targeting

chem
okine

receptors
in

chronic
inflam

m
atory

diseases:
an

extensive
review

.
Ph
a
rm
a
col.

T
h
er.

1
3
3:

1-18
[PM

ID
:21839114]

M
urphy

PM
.(2002)InternationalU

nion
ofPharm

acology.X
X
X
.U

pdate
on

chem
okine

receptornom
en-

clature.
Ph
a
rm
a
col.

R
ev.

5
4:

227-9
[PM

ID
:12037138]

M
urphy

PM
et
a
l.
(2000)

InternationalU
nion

ofPharm
acology.

X
X
II.N

om
enclature

for
chem

okine
re-

ceptors.
Ph
a
rm
a
col.

R
ev.

5
2:

145-176
[PM

ID
:10699158]

M
uñoz

LM
et
a
l.
(2011)

Receptoroligom
erization:a

pivotalm
echanism

for
regulating

chem
okine

func-
tion.

Ph
a
rm
a
col.

T
h
er.

1
3
1:

351-8
[PM

ID
:21600920]

Scholten
D
J
et
a
l.
(2012)

Pharm
acologicalm

odulation
ofchem

okine
receptorfunction.

Br.
J.
Ph
a
rm
a
col.

1
6
5:

1617-43
[PM

ID
:21699506]

Szpakow
ska

M
et
a
l.

(2012)
Function,diversity

and
therapeutic

potentialof
the

N
-term

inaldom
ain

of
hum

an
chem

okine
receptors.

Bioch
em

.
Ph
a
rm
a
col.

8
4:1366-80

[PM
ID

:22935450]
W
hite

G
E
et
a
l.(2013)C

C
chem

okine
receptorsand

chronic
inflam

m
ation–therapeutic

opportunitiesand
pharm

acologicalchallenges.
Ph
a
rm
a
col.

R
ev.

6
5:47-89

[PM
ID

:23300131]
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p
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B
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f
P
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g
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0
1
5
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1
7
2
,
5
7
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4
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8
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C
h
o
le
cysto

kin
in

re
ce

p
to
rs

G
protein-coupled

receptors
C
holecystokinin

receptors

O
v
e
r
v
ie
w
:

C
holecystokinin

receptors
(n

o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

C
C
K

r
e
-

c
e
p
to

r
s

[ 1
4
0
3
])

are
activated

by
the

endogenous
peptides

cholecystokinin-8
(C

C
K-8

(C
C
K,

P06307)),
C
C
K-33

(C
C
K,

P06307),
C
C
K-58

(C
C
K,

P06307)
and

gastrin
(gastrin-17

(G
A
ST,

P01350)).

There
are

only
tw

o
distinct

subtypes
of

C
C
K
receptors,

C
C
K1

and
C
C
K2

receptors
[992,

1986],
w
ith

som
e
alternatively

spliced
form

s
m
ost

often
identified

in
neoplastic

cells.The
C
C
K
receptorsubtypes

are
distinguished

by
theirpeptide

selectivity,w
ith

the
C
C
K1

receptor
requiring

the
carboxyl-term

inalheptapeptide-am
ide

that
includes

a

sulfated
tyrosine

forhigh
affinity

and
potency,w

hile
the

C
C
K2

recep-
tor

requires
only

the
carboxyl-term

inaltetrapeptide
shared

by
both

C
C
K
and

gastrin
peptides.

These
receptors

have
characteristic

and
distinct

distributions,w
ith

both
present

in
both

the
centralnervous

system
and

peripheraltissues.

N
om

enclature
C
C
K1

receptor
C
C
K2

receptor

H
G
N
C
,U

niProt
C
C
K
A
R,P32238

C
C
K
BR,P32239

Rank
orderofpotency

C
C
K-8

(C
C
K,P06307)

gastrin-17
(G
A
ST,P01350),

desulfated
cholecystokinin-8

C
C
K-4

(C
C
K,P06307)

C
C
K-8

(C
C
K,P06307)

gastrin-17
(G
A
ST,P01350),

desulfated
cholecystokinin-8,C

C
K-4

(C
C
K,P06307)

Endogenous
agonists

–
desulfated

cholecystokinin-8
(pIC

5
0
8.3–8.7)[1071],gastrin-17

(G
A
ST,P01350)

(Selective)(pIC
5
0
8.3)[ 805]–

M
ouse,C

C
K-4

(C
C
K,P06307)

(pIC
5
0
7.5)

[832],
desulfated

gastrin-14
(G
A
ST,P01350),desulfated

gastrin-17
(G
A
ST,P01350),

desulfated
gastrin-34

(G
A
ST,P01350),desulfated

gastrin-71
(G
A
ST,P01350),

gastrin-14
(G
A
ST,P01350),gastrin-34

(G
A
ST,P01350),gastrin-71

(G
A
ST,

P01350)

Selective
agonists

A-71623
(pIC

5
0
8.4)[63]–

Rat,JM
V180

(pIC
5
0
8.3)

[926],G
W
-5823

(pIC
5
0
7.6)

[737]
RB-400

(p
K
i 9.1)[123]–

Rat,PBC
-264

(pIC
5
0
9.1)

[844]–
Rat

Antagonists
lintitript(pIC

5
0
8.3)

[632]
–

Selective
antagonists

devazepide
(pIC

5
0
9.7)

[805]–
Rat,T-0632

(pIC
5
0
9.6)

[1861]–
Rat,PD

-140548
(pIC

5
0
8.6)

[1748]–
Rat,lorglum

ide
(pIC

5
0
6.7–8.2)[805,834]–

Rat
YF-476

(pIC
5
0
9.7)

[196,1854],G
V150013

(pIC
5
0
9.4)

[1930],L-740093
(pIC

5
0

9.2)[1398],YM
-022

(pIC
5
0
9.2)[1398],JN

J-26070109
(pIC

5
0
8.5)

[1336],
L-365260

(pIC
5
0
8.4)

[1071],RP73870
(pIC

5
0
8)[1115]–

Rat,LY262691
(pIC

5
0

7.5)[ 1561]–
Rat

Labelled
ligands

[ 3
H
]devazepide

(Antagonist)(p
K
d
9.7)[292],

[ 125
I]D

Tyr-G
ly-[(N

le28,31)C
C
K-26-33

(Agonist)(pIC
5
0
9)[1527]

[ 3
H
]PD

140376
(Antagonist)(p

K
i 9.7–10)

[809]–
G
uinea

pig,[ 125
I]PD

142308
(Antagonist)(p

K
d
9.6)

[781]–
G
uinea

pig,
[ 125I]D

Tyr-G
ly-[(N

le28,31)C
C
K-26-33

(Agonist)(pIC
5
0
9)

[1527],[ 125
I]gastrin

(Agonist)(pIC
5
0
9),[ 3

H
]gastrin

(Agonist)
(pIC

5
0
9),[ 3

H
]L365260

(Antagonist)
(p
K
d
8.2–8.5)

[1398],[ 125
I]-BD

Z2
(Antagonist)(p

K
i 8.4)[25]

C
o
m

m
e
n
ts:W

hile
a
cancer-specific

C
C
K
receptorhas

been
postu-

lated
to

exist,w
hich

also
m
ight

be
responsive

to
incom

pletely
pro-

cessed
form

s
ofC

C
K
(G

ly-extended
form

s),this
has

neverbeen
iso-

lated.
An

alternatively
spliced

form
of

the
C
C
K2

receptor
in

w
hich

intron
4
isretained,adding

69
am

ino
acids

to
the

intracellularloop
3

(IC
L3)region,hasbeen

described
to

be
presentparticularly

in
certain

neoplasm
s
w
here

m
RN

A
m
is-splicing

has
been

com
m
only

observed
[1764],but

it
is
not

clear
that

this
receptor

splice
form

plays
a
spe-

cialrole
in

carcinogenesis.Anotheralternative
splicing

eventfor
the

C
C
K2

receptor
w
as

reported
[ 1782],w

ith
alternative

donor
sites

in

exon
4
resulting

in
long

(452
am

ino
acids)

and
short

(447
am

ino
acids)

form
s
ofthe

receptor
differing

by
five

residues
in

IC
L3,how

-
ever,no

clear
functionaldifferences

have
been

observed.
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Fu
rth

e
r
R
e
a
d
in
g

C
aw

ston
EE

et
a
l.

(2010)
Therapeutic

potentialfor
novel

drugs
targeting

the
type

1
cholecystokinin

receptor.
Br.

J.
Ph
a
rm
a
col.

1
5
9:

1009-21
[PM

ID
:19922535]

D
ockray

G
J.(2009)

C
holecystokinin

and
gut-brain

signalling.
R
eg
u
l.
Pep

t.
1
5
5:

6-10
[PM

ID
:19345244]

D
ufresne

M
et

a
l.

(2006)
C
holecystokinin

and
gastrin

receptors.
Ph
ysiol.

R
ev.

8
6:

805-47
[PM

ID
:16816139]

M
iller

LJ
et
a
l.

(2008)
Structuralbasis

of
cholecystokinin

receptor
binding

and
regulation.

Ph
a
rm
a
col.

T
h
er.

1
1
9:

83-95
[PM

ID
:18558433]

C
la
ss

Frizzle
d
G
P
C
R
s

G
protein-coupled

receptors
C
lass

Frizzled
G
PC

Rs

O
v
e
r
v
ie
w
:

Receptors
of

the
C
lass

Frizzled
(FZD

,
n
o
m

e
n
c
la

-
tu

r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

su
b
c
o
m

m
itte

e
o
n

th
e

C
la

ss
F
r
iz
z
le
d

G
P
C
R
s
[1

6
7
6
]),

are
G
PC

Rs
originally

identified
in
D
rosop

h
ila

[285],w
hich

are
highly

conserved
across

species.FZD
s

are
activated

by
W
N
Ts,

w
hich

are
cysteine-rich

lipoglycoproteins
w
ith

fundam
ental

functions
in

ontogeny
and

tissue
hom

eostatis.
FZD

signalling
w
as

initially
divided

into
tw

o
pathw

ays,
being

ei-
ther

dependent
on

the
accum

ulation
of

the
transcription

regula-
tor

β-catenin
(C
T
N
N
B1,

P35222)
or

being
β-catenin-independent

(often
referred

to
as

canonical
vs.

non-canonical
W
N
T/FZD

sig-
nalling,respectively).

W
N
T
stim

ulation
ofFZD

s
can,in

cooperation

w
ith

the
low

density
lipoprotein

receptors
LR
P5

(O
75197)

and
LR
P6

(O
75581),

lead
to

the
inhibition

of
a
constitutively

active
destruc-

tion
com

plex,
w
hich

results
in

the
accum

ulation
of

β-catenin
and

subsequently
its

translocation
to

the
nucleus.

β-C
atenin,

in
turn,

m
odifiesgene

transcription
by

interacting
w
ith

TC
F/LEF

transcription
factors.

β-C
atenin-independentFZD

signalling
is
far

m
ore

com
plex

w
ith

regard
to

the
diversity

of
the

activated
pathw

ays.
W
N
T/FZD

signalling
can

lead
to

the
activation

ofpertussis
toxin-sensitive

het-
erotrim

eric
G

proteins
[939],

the
elevation

of
intracellular

calcium
[ 1757],activation

ofcG
M
P-specific

PD
E6

[17]and
elevation

ofcAM
P

as
w
ell

as
RAC

-1,
JN

K,
Rho

and
Rho

kinase
signalling

[695].
Fur-

therm
ore,the

phosphoprotein
D
isheveled

constitutesa
key

playerin
W
N
T/FZD

signalling.
As

w
ith

other
G
PC

Rs,
m
em

bers
of

the
Friz-

zled
fam

ily
are

functionally
dependent

on
the

arrestin
scaffolding

protein
for

internalization
[306],as

w
ellas

for
β-catenin-dependent

[235]and
-independent[236,940]signalling.The

pattern
ofcellsig-

nalling
is
com

plicated
by

the
presence

of
additionalligands,

w
hich

can
enhance

orinhibitFZD
signalling

(secreted
Frizzled-related

pro-
teins

(sFRP), W
nt-inhibitory

factor
(W

IF1,Q
9Y5W

5)
(W

IF),sclerostin
(SO

ST,
Q
9BQ

B4)
or

D
ickkopf

(D
KK)),

as
w
ell

as
m
odulatory

(co)-
receptors

w
ith

Ryk,RO
R1,RO

R2
and

Krem
en,w

hich
m
ay

also
func-

tion
as

independentsignalling
proteins.

N
om

enclature
FZD

1
FZD

2
FZD

3
FZD

4
FZD

5
H
G
N
C
,U

niProt
FZ
D
1,Q

9U
P38

FZ
D
2,Q

14332
FZ
D
3,Q

9N
PG

1
FZ
D
4,Q

9U
LV1

FZ
D
5,Q

13467

N
om

enclature
FZD

6
FZD

7
FZD

8
FZD

9
FZD

10
H
G
N
C
,U

niProt
FZ
D
6,O

60353
FZ
D
7,O

75084
FZ
D
8,Q

9H
461

FZ
D
9,O

00144
FZ
D
1
0,Q

9U
LW

2
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N
om

enclature
SM

O

H
G
N
C
,U

niProt
SM

O
,Q

99835

Antagonists
saridegib

(pIC
5
0
8.9)

[1904],glasdegib
(pIC

5
0
8.3)

[1342],erism
odegib

(p
K
i 8.2)[1979]

Selective
antagonists

vism
odegib

(p
K
i 7.8)

[1979]

C
o
m

m
e
n
ts:There

islim
ited

know
ledge

aboutW
N
T/FZD

specificity
and

w
hich

m
olecularentities

determ
ine

the
signalling

outcom
e
ofa

specific
W
N
T/FZD

pair.
U
nderstanding

of
the

coupling
to

G
pro-

teins
is
incom

plete
(see

[ 423]).
There

is
also

a
scarcity

of
inform

a-
tion

on
basic

pharm
acologicalcharacteristics

ofFZD
s,such

as
bind-

ing
constants,ligand

specificity
or

concentration-response
relation-

ships
[937].

L
ig

a
n
d
s
a
sso

c
ia

te
d

w
ith

F
Z
D

sig
n
a
llin

g

W
N
T
s:

W
nt-1

(W
N
T
1,

P04628),
W
nt-2

(W
N
T
2,

P09544)
(also

know
n

as
Int-1-related

protein),
W
nt-2b

(W
N
T
2
B,

Q
93097)

(also

know
n

as
W
N
T-13),

W
nt-3

(W
N
T
3,

P56703)
,
W
nt-3a

(W
N
T
3
A,

P56704),
W
nt-4

(W
N
T
4,

P56705),
W
nt-5a

(W
N
T
5
A,

P41221)
,
W
nt-5b

(W
N
T
5
B,

Q
9H

1J7),
W
nt-6

(W
N
T
6,

Q
9Y6F9),

W
nt-7a

(W
N
T
7
A,

O
00755),

W
nt-7b

(W
N
T
7
B,

P56706),
W
nt-8a

(W
N
T
8
A,

Q
9H

1J5),
W
nt-8b

(W
N
T
8
B,

Q
93098),

W
nt-9a

(W
N
T
9
A,

O
14904)

(also
know

n
as

W
N
T-14),

W
nt-9b

(W
N
T
9
B,

O
14905)

(also
know

n
as

W
N
T-15

or
W
N
T-14b),

W
nt-10a

(W
N
T
1
0
A,

Q
9G

ZT5),
W
nt-10b

(W
N
T
1
0
B,

O
00744)

(also
know

n
as

W
N
T-12),

W
nt-11

(W
N
T
1
1,

O
96014)

and
W
nt-16

(W
N
T
1
6,Q

9U
BV4).

E
x
tra

cellu
la
r

p
ro
tein

s
th
a
t
in
tera

ct
w
ith

F
Z
D
s:

norrin
(N
D
P,

Q
00604),

R-spondin-1
(R
SPO

1,
Q
2M

KA7),
R-spondin-2

(R
SPO

2,
Q
6U

X
X
9)

,
R-spondin-3

(R
SPO

3,
Q
9BX

Y4),
R-spondin-4

(R
SPO

4,
Q
2I0M

5),
sFRP-1

(SFR
P1,

Q
8N

474),
sFRP-2

(SFR
P2,

Q
96H

F1),
sFRP-3

(FR
Z
B,

Q
92765),

sFRP-4
(SFR

P4,
Q
6FH

J7),
sFRP-5

(SFR
P5,Q

6FH
J7).

E
x
tra

cellu
la
r
p
ro
tein

s
th
a
t
in
tera

ct
w
ith

W
N
T
s
o
r
L
R
P
s:

D
ickkopf1

(D
K
K
1,

O
94907),

W
IF1

(Q
9Y5W

5),
sclerostin

(SO
ST,

Q
9BQ

B4),krem
en

1
(K
R
EM

EN
1,Q

96M
U
8)and

krem
en

2
(K
R
EM

EN
2,

Q
8N

C
W
0)

S
m
a
ll
ex
o
g
en

o
u
s
lig

a
n
d
s:Foxy-5

[ 1835],Box-5,U
M
206

[1031],
and

X
W
nt8

(P28026)
also

know
n
as

m
ini-W

nt8.

Fu
rth

e
r
R
e
a
d
in
g

D
ijksterhuisJP

et
a
l.(2013)W

N
T/Frizzled

signaling:receptor-ligand
selectivity

w
ith

focus
on

FZD
-G

pro-
tein

signaling
and

its
physiologicalrelevance.

Br
J
Ph
a
rm
a
col [PM

ID
:24032637]

King
TD

et
a
l.
(2012)

The
W
nt/β-catenin

signaling
pathw

ay:
a
potentialtherapeutic

target
in

the
treat-

m
entoftriple

negative
breast

cancer.
J.
C
ell.

Bioch
em

.
1
1
3:

13-8
[PM

ID
:21898546]

King
TD

et
a
l.

(2012)
Frizzled7

as
an

em
erging

target
for

cancer
therapy.

C
ell.

Sig
n
a
l.

2
4:

846-51
[PM

ID
:22182510]

KovalA
et
a
l.

(2011)
Yellow

subm
arine

of
the

W
nt/Frizzled

signaling:
subm

erging
from

the
G

protein
harborto

the
targets.

Bioch
em

.
Ph
a
rm
a
col.

8
2:

1311-9
[PM

ID
:21689640]

Schuijers
J
et
a
l.
(2012)Adult

m
am

m
alian

stem
cells:

the
role

ofW
nt,Lgr5

and
R-spondins.

EM
BO

J.
3
1:

2685-96
[PM

ID
:22617424]

Schulte
G
.(2010)

InternationalU
nion

ofBasic
and

C
linicalPharm

acology.
LX

X
X
.
The

class
Frizzled

re-
ceptors.

Ph
a
rm
a
col.

R
ev.

6
2:

632-67
[PM

ID
:21079039]

Schulte
G
et
a
l.
(2010)

beta-Arrestins
-
scaffolds

and
signalling

elem
ents

essentialfor
W
N
T/Frizzled

sig-
nalling

pathw
ays?

Br.
J.
Ph
a
rm
a
col.

1
5
9:

1051-8
[PM

ID
:19888962]

C
o
m
p
le
m
e
n
t
p
e
p
tid

e
re
ce

p
to
rs

G
protein-coupled

receptors
C
om

plem
entpeptide

receptors

O
v
e
r
v
ie
w
:C

om
plem

entpeptide
receptors(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R

su
b
c
o
m

m
itte

e
o
n
C
o
m

p
le
m

e
n
t
p
e
p
tid

e
r
e
c
e
p
to

r
s
[9

6
7
])are

activated
by

the
endogenous

75
am

ino-acid
anaphylatoxin

polypeptides
C
3a

(C
3,P01024).C

4a
(C
4
A,P0C

0L4)
and

C
5a

(C
5,P01031),generated

upon
stim

ulation
ofthe

com
plem

entcascade.
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N
om

enclature
C
3a

receptor
C
5a1

receptor
C
5a2

receptor

H
G
N
C
,U

niProt
C
3
A
R
1,Q

16581
C
5
A
R
1,P21730

C
5
A
R
2,Q

9P296

Rank
orderofpotency

C
3a

(C
3,P01024)

C
5a

(C
5,P01031)

[41]
C
5a

(C
5,P01031),C

5a
des-Arg

(C
5)

C
3a

(C
3,P01024)

[ 41]
–

Endogenous
agonists

–
ribosom

alprotein
S19

(R
PS1

9,P39019)
[2071]

–

Agonists
E7

(pEC
5
0
8.7)[43],com

pound
21

[PM
ID

:25259874]
(pEC

5
0
7.7)

[1571],SQ
007-5

(Partialagonist)
(pEC

5
0
6.7)

[124],Ac-RH
YPLW

R
(pEC

5
0
6)

[672]

N
-m

ethyl-Phe-Lys-Pro-D
-C

ha-C
ha-D

-Arg-C
O
2 H

(pIC
5
0

7.6)
[ 916,989]

–

Antagonists
SB290157

(pIC
5
0
7.6)

[40],
com

pound
4
[PM

ID
:25259874](pIC

5
0
5.9)

[1571]
C
H
IPS

(p
K
d
9)

[1522],W
54011

(p
K
i 8.7)

[1819],
AcPhe-O

rn-Pro-D
-C

ha-Trp-Arg
(pIC

5
0
7.9)[2039],

N
-m

ethyl-Phe-Lys-Pro-D
-C

ha-Trp-D
-Arg-C

O
2 H

(pIC
5
0

7.2)
[ 989]

–

Labelled
ligands

[ 125
I]C

3a
(hum

an)(Agonist)(p
K
d
8.4)

[296]
[ 125

I]C
5a

(hum
an)(Agonist)

(p
K
d
8.7)

[803]
[ 125I]C

5a
(hum

an)(Agonist)

C
om

m
ents

–
–

Binds
C
5a

com
plem

entfactor,but
appears

to
lack

G
protein

signalling
and

has
been

term
ed

a
decoy

receptor[1684].

C
o
m

m
e
n
ts:

SB290157
has

also
been

reported
to

have
agonist

propertiesatthe
C
3a

receptor[ 1218].The
putative

chem
oattractant

receptorterm
ed

C
5a2

(also
know

n
asG

PR77,C
5L2)binds[ 125I]C

5a
w
ith

no
clearsignalling

function,buthasa
putative

role
opposing

in-
flam

m
atory

responses
[257,

568,
585].

Binding
to

this
site

m
ay

be

displaced
w
ith

the
rank

order
C
5a

des-Arg
(C
5)

C
5a

(C
5,P01031)

[257,
1440]

w
hile

there
is

controversy
over

the
ability

of
C
3a

(C
3,

P01024)and
C
3a

des
Arg

(C
3,P01024)to

com
pete

[778,894,895,
1440].

C
5a2

appears
to

lack
G

protein
signalling

and
has

been
term

ed
a
decoy

receptor
[1684].

H
ow

ever,
C
5a2

does
recruit

ar-
restin

afterligand
binding,w

hich
m
ightprovide

a
signaling

pathw
ay

for
this

receptor[89,1937],and
form

s
heterom

ersw
ith

C
5a1 .C

5a,
but

not
C
5a-des

Arg,
induces

upregulation
ofheterom

er
form

ation
betw

een
com

plem
ent

C
5a

receptors
C
5aR

and
C
5L2

[ 380].
There

are
also

reports
of

pro-inflam
m
atory

activity
of

C
5a2

,
m
ediated

by
H
M
G
B1,

but
the

signaling
pathw

ay
that

underlies
this

is
currently

unclear(review
ed

in
[ 1095]).

Fu
rth

e
r
R
e
a
d
in
g

H
ajishengallis

G
.
(2010)

C
om

plem
ent

and
periodontitis.

Bioch
em

.
Ph
a
rm
a
col.

8
0:

1992-2001
[PM

ID
:20599785]

Klos
A
et
a
l.(2013)

InternationalU
nion

ofPharm
acology.LX

X
X
VII.C

om
plem

entpeptide
C
5a,C

4a,and
C
3a

receptors.
Ph
a
rm
a
col.

R
ev.

6
5:

500-43
[PM

ID
:23383423]

M
anthey

H
D
et
a
l.

(2009)
C
om

plem
ent

com
ponent

5a
(C

5a).
In
t.
J.
Bioch

em
.
C
ell

Biol.
4
1:

2114-7
[PM

ID
:19464229]

M
onk

PN
et
a
l.(2007)Function,structure

and
therapeutic

potentialofcom
plem

entC
5a

receptors.
Br.

J.
Ph
a
rm
a
col.

1
5
2:

429-48
[PM

ID
:17603557]

Sacks
SH

.
(2010)

C
om

plem
ent

fragm
ents

C
3a

and
C
5a:

the
salt

and
pepper

of
the

im
m
une

response.
Eu
r.
J.
Im
m
u
n
ol.

4
0:

668-70
[PM

ID
:20186746]

S
e
a
rc
h
a
b
le

d
a
ta
b
a
se

:
h
ttp

:/
/
w
w
w
.g
u
id
e
to
p
h
a
rm

a
c
o
lo
g
y.o

rg
/
in
d
e
x
.jsp

C
o
m
p
le
m
e
n
t
p
e
p
tid

e
re
c
e
p
to
rs

5
7
9
4

F
u
ll
C
o
n
te
n
ts

o
f
C
o
n
c
ise

G
u
id
e
:
h
ttp

:/
/
o
n
lin

e
lib

ra
ry.w

ile
y.c

o
m
/
d
o
i/
1
0
.1
1
1
1
/
b
p
h
.1
3
3
4
8
/
fu
ll



S
.P.H

.
A
lexand

er
et
al.

T
he

C
o
ncise

G
uid

e
to

P
H
A
R
M
A
C
O
LO

G
Y
2
0
1
5
/1

6
:
G
p
ro
tein-co

up
led

recep
to
rs.

B
ritish

Jo
urnalo

f
P
harm

aco
lo
g
y
(2
0
1
5
)
1
7
2
,
5
7
4
4
–5

8
6
9

C
o
rtico

tro
p
in
-re

le
a
sin

g
fa
cto

r
re
ce

p
to
rs

G
protein-coupled

receptors
C
orticotropin-releasing

factor
receptors

O
v
e
r
v
ie
w
:

C
orticotropin-releasing

factor
(C

RF,
n
o
m

e
n
-

c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

su
b
c
o
m

m
it-

te
e

o
n

C
o
r
tic

o
tr

o
p
in

-r
e
le
a
sin

g
F
a
c
to

r
R
e
c
e
p
to

r
s

[ 7
1
6
])

receptors
are

activated
by

the
endogenous

peptides
corticotrophin-releasing

horm
one

(C
R
H
,
P06850),

a
41

am
ino-acid

peptide,
urocortin

1
(U
C
N
,
P55089),

40
am

ino-acids,
urocortin

2
(U
C
N
2,Q

96RP3),38
am

ino-acids
and

urocortin
3
(U
C
N
3,Q

969E3),
38

am
ino-acids.

C
RF1

and
C
RF2

receptors
are

activated
non-

selectively
by

corticotrophin-releasing
horm

one
(C
R
H
,

P06850)
and

urocortin
1
(U
C
N
,
P55089).

Binding
to

C
RF

receptors
can

be

conducted
using

[ 125I]Tyr 0
-C

RF
or

[ 125
I]Tyr 0-sauvagine

w
ith

Kd
values

of
0.1-0.4

nM
.C

RF1
and

C
RF2

receptors
are

non-selectively
antagonized

by
α
-helicalC

RF,D
-Phe-C

RF-(12-41)and
astressin.

N
om

enclature
C
RF1

receptor
C
RF2

receptor

H
G
N
C
,U

niProt
C
R
H
R
1,P34998

C
R
H
R
2,Q

13324

Endogenous
agonists

–
urocortin

2
(U
C
N
2,Q

96RP3)
(Selective)(p

K
d
8.5–8.6)

[392],urocortin
3
(U
C
N
3,

Q
969E3)

(Selective)(p
K
d
7.9–8)

[392]

Antagonists
SSR125543A

(p
K
i 8.7)

[663]
–

Selective
antagonists

C
P
154,526

(pIC
5
0
9.3–10.4)[1153]–

Rat,D
M
P696

(p
K
i 8.3–9)

[726],N
BI27914

(p
K
i 8.3–9)

[298],R121919
(p
K
i 8.3–9)

[2133],antalarm
in

(p
K
i 8.3–9)

[2001],
C
P376395

(pIC
5
0
8.3)

[307]–
Rat,C

RA1000
(pIC

5
0
6.4–7.1)[284]

antisauvagine
(p
K
d
8.8–9.6)

[394],K41498
(p
K
i 9.2)

[1048],K31440
(p
K
i 8.7–8.8)

[1622]

C
o
m

m
e
n
ts:A

C
RF

binding
protein

has
been

identified
(C
R
H
BP,P24387)

to
w
hich

both
corticotrophin-releasing

horm
one

(C
R
H
,P06850)

and
urocortin

1
(U
C
N
,P55089)

bind
w
ith

high
affinities,w

hich
has

been
suggested

to
bind

and
inactivate

circulating
corticotrophin-releasing

horm
one

(C
R
H
,P06850)

[1489].

Fu
rth

e
r
R
e
a
d
in
g

G
ram

m
atopoulos

D
K.(2012)Insights

into
m
echanism

s
ofcorticotropin-releasing

horm
one

receptorsig-
naltransduction.

Br.
J.
Ph
a
rm
a
col.

1
6
6:

85-97
[PM

ID
:21883143]

G
ysling

K.(2012)
Relevance

ofboth
type-1

and
type-2

corticotropin
releasing

factor
receptors

in
stress-

induced
relapse

to
cocaine

seeking
behaviour.

Bioch
em

.
Ph
a
rm
a
col.

8
3:1-5

[PM
ID

:21843515]
H
auger

RL
et
a
l.

(2003)
InternationalU

nion
of

Pharm
acology.

X
X
X
VI.

C
urrent

status
of

the
nom

en-
clature

for
receptors

for
corticotropin-releasing

factor
and

their
ligands.

Ph
a
rm
a
col

R
ev.

5
5:

21-26
[PM

ID
:12615952]

Valentino
RJ

et
a
l.

(2013)
Sex-biased

stress
signaling:

the
corticotropin-releasing

factor
receptor

as
a

m
odel.

M
ol.

Ph
a
rm
a
col.

8
3:737-45

[PM
ID

:23239826]
Zhu

H
et
a
l.

(2011)
C
orticotropin-releasing

factor
fam

ily
and

its
receptors:

pro-inflam
m
atory

or
anti-

inflam
m
atory

targets
in

the
periphery?

In
fla
m
m
.
R
es.

6
0:715-21

[PM
ID

:21476084]
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D
o
p
a
m
in
e
re
ce

p
to
rs

G
protein-coupled

receptors
D
opam

ine
receptors

O
v
e
r
v
ie
w
:
D
opam

ine
receptors

(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

D
o
p
a
m

in
e
R
e
c
e
p
to

r
s
[1

6
7
7
])

are
com

m
only

divided
into

D
1
-like

(D
1
and

D
5
)
and

D
2
-like

(D
2
,

D
3
and

D
4
)
fam

ilies,w
here

the
endogenous

agonist
is
dopam

ine.

N
om

enclature
D
1
receptor

D
2
receptor

H
G
N
C
,U

niProt
D
R
D
1,P21728

D
R
D
2,P14416

Endogenous
agonists

dopam
ine

(p
K
i 4.3–5.6)

[1823,1884]
dopam

ine
(p
K
i 4.7–7.2)

[245,545,1653]

Agonists
fenoldopam

(p
K
i 6.5–7.9)

[1884]
rotigotine

(p
K
i 10.2)

[424],cabergoline
(Partialagonist)(p

K
i 9–9.2)

[1279],
aripiprazole

(Partialagonist)(p
K
i 9.1)

[2111],brom
ocriptine

(p
K
i 7.3–8.3)[545,

1279,1653],M
LS1547

(Biased
agonist)(p

K
i 8.2)

[544],ropinirole
(p
K
i 8.1)[732],

apom
orphine

(Partialagonist)(p
K
i 5.7–7.5)

[245,545,1279,1653,1776],
pram

ipexole
(p
K
i 5.1–7.4)[1273,1653],benzquinam

ide
(p
K
i 5.4)

[643]

(Sub)fam
ily-selective

agonists
A68930

(pEC
5
0
6.8)[1381],SKF-38393

(Partialagonist)(p
K
i 6.2–6.8)[1823,

1884]
quinpirole

(p
K
i 4.9–7.7)

[245,1273,1473,1776,1778,1940]

Selective
agonists

SKF-83959
(Biased

agonist)(pEC
5
0
9.7)

[364],SKF-81297
(p
K
i 8.7)

[46]–
Rat

sum
anirole

(p
K
i 8.1)

[1239]

Antagonists
flupentixol(p

K
i 7–8.4)

[1823,1884]
blonanserin

(p
K
i 9.9)

[1421],pipotiazine
(p
K
i 9.7)[1777],perphenazine

(p
K
i

8.9–9.6)
[1008,1691],risperidone

(p
K
i 9.4)

[60],perospirone
(p
K
i 9.2)

[1692],
trifluoperazine

(p
K
i 8.9–9)

[1008,1693],asenapine
(p
K
i 8.9)[1711],sertindole

(p
K
i 8–8.9)

[986,1008,1691],fluphenazine
(p
K
i 8.8)

[1647],flupentixol(p
K
i 8.8)

[545],pim
ozide

(p
K
i 7–8.8)[545,1776],olanzapine

(p
K
i 8.7)

[60],m
esoridazine

(p
K
i 8.7)[326],ziprasidone

(p
K
i 8.6)

[60],prochlorperazine
(p
K
i 8.4)

[68],
loxapine

(p
K
i 7.9–8.3)[1008,1693],(-)-sulpiride

(p
K
i 6.3–8)

[545,1776,1860],
am

isulpride
(p
K
i 7.9–8)

[1195,1776],m
etoclopram

ide
(p
K
i 7.5)

[1221]–
M
ouse,

quetiapine
(p
K
i 7.2)[60],

tra
n
s-flupenthixol(p

K
i 6.9)

[545],clozapine
(p
K
i

5.8–6.9)
[ 545,1164,1711,1776,1860],prom

azine
(p
K
i 6.5)

[246]

(Sub)fam
ily-selective

antagonists
SC

H
-23390

(p
K
i 7.4–9.5)

[1823,1884],SKF-83556
(p
K
i 9.5)[1823],

ecopipam
(p
K
i 8.3)[1885]

haloperidol(p
K
i 7.4–8.8)[545,1164,1273,1776,1885]

Selective
antagonists

–
L-741,626

(p
K
i 7.9–8.5)[655,1020],dom

peridone
(p
K
i 7.9–8.4)

[545,1776],
raclopride

(p
K
i 8)

[1281],M
L321

(p
K
i 7)[2058,2059]

Labelled
ligands

[ 3
H
]SC

H
-23390

(Antagonist)(p
K
d
9.5)

[2127]
[ 3
H
]spiperone

(Antagonist)(p
K
d
10.2)

[239,767,2125]–
Rat

Labelled
ligands

[ 125I]SC
H
23982

(Antagonist)(p
K
d
9.5)[408]

[ 3
H
]raclopride

(Antagonist)(p
K
d
8.9)[1028]–

Rat
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N
om

enclature
D
3
receptor

D
4
receptor

D
5
receptor

H
G
N
C
,U

niProt
D
R
D
3,P35462

D
R
D
4,P21917

D
R
D
5,P21918

Endogenous
agonists

dopam
ine

(p
K
i 6.4–7.3)[245,545,1653,1778]

dopam
ine

(p
K
i 7.6)

[1940]
dopam

ine
(p
K
i 6.6)

[1823]

Agonists
pram

ipexole
(p
K
i 8.4–8.7)

[1273,1653],
brom

ocriptine
(Partialagonist)(p

K
i 7.1–8.2)

[545,
1279,1653],ropinirole

(p
K
i 7.7)

[732],apom
orphine

(Partialagonist)(p
K
i 6.1–7.6)[245,545,1279,1653,

1776]

apom
orphine

(Partialagonist)(p
K
i 8.4)

[1279]
–

(Sub)fam
ily-selective

agonists
quinpirole

(p
K
i 6.4–8)

[245,1273,1281,1473,1653,
1776,1778,1940]

quinpirole
(p
K
i 7.5)[1279,1473,1940]

A68930
(pEC

5
0
6.6)

[1381]

Selective
agonists

PD
128907

(p
K
i 7.6–7.7)

[1539,1653]
PD

168,077
(Partialagonist)(p

K
i 8.8)

[995]–
Rat,

A412997
(p
K
i 8.1)

[1319]–
Rat,A412997

(p
K
i 8.1)

[1319]

–

Antagonists
perospirone

(p
K
i 9.6)

[1776],sertindole
(p
K
i 8–8.8)

[60,1675,1691],prochlorperazine
(p
K
i 8.4)

[68],
(-)-sulpiride

(p
K
i 6.7–7.7)

[545,1776,1860],loxapine
(p
K
i 7.7)

[1691],dom
peridone

(p
K
i 7.1–7.6)[545,

1776],prom
azine

(p
K
i 6.8)[246]

perospirone
(p
K
i 10.1)[1694],sertindole

(p
K
i 7.8–9.1)

[246,1691,1693,1694],sonepiprazole
(p
K
i 8.9)

[1668],loxapine
(p
K
i 8.1)[1693]

–

(Sub)fam
ily-selective

antagonists
haloperidol(p

K
i 7.5–8.6)

[545,1711,1776,1885]
haloperidol(p

K
i 8.7–8.8)[1033,1711,1885]

SC
H
-23390

(p
K
i 7.5–9.5)[1823],SKF-83556

(p
K
i 9.4)[1823],ecopipam

(p
K
i 8.3)

[1823]

Selective
antagonists

S33084
(p
K
i 9.6)

[1278],nafadotride
(p
K
i 9.5)

[1654],
PG

01037
(p
K
i 9.2)

[656],N
G
B
2904

(p
K
i 8.8)

[2055],
SB

277011-A
(p
K
i 8)

[1569],(+)-S-14297
(p
K
i 6.9–7.9)

[1275,1281]

L745870
(p
K
i 9.4)

[1020],A-381393
(p
K
i 8.8)

[1361],
L741742

(p
K
i 8.5)

[1609],M
L398

(p
K
i 7.4)

[138]
–

Selective
allosteric

m
odulators

SB269652
(N

egative)(p
K
i

9)[558]
–

–

Labelled
ligands

–
[ 3
H
]spiperone

(Antagonist)(p
K
d
9.5)

[749,1940]
[ 3
H
]SC

H
-23390

(Antagonist)(p
K
d
9.2)

[1580]

Labelled
ligands

[ 3
H
]spiperone

(Antagonist)(p
K
d
9.9)

[767,2125]–
Rat,[ 3

H
]7-O

H
-D

PAT
(Agonist)(p

K
d
9.6)[1581],

[ 3
H
]PD

128907
(Agonist)(p

K
d
9)

[27]

[ 125
I]L750667

(Antagonist)(p
K
d
9.8)[1473],

[ 3
H
]N

G
D
941

(Antagonist)(p
K
d
8.3)[1533]

[ 125I]SC
H
23982

(Antagonist)(p
K
d
9.1)–

U
nknow

n

C
o
m

m
e
n
ts:

The
selectivity

of
m
any

of
these

agents
is

less
than

tw
o
orders

ofm
agnitude.

[ 3
H
]raclopride

exhibits
sim

ilar
high

affin-
ity

for
D
2
and

D
3
receptors

(low
affinity

for
D
4
),buthas

been
used

to
labelD

2
receptors

in
the

presence
of

a
D
3
-selective

antagonist.

[ 3
H
]7-O

H
-D

PAT
has

sim
ilar

affinity
for

D
2
and

D
3
receptors,but

la-
bels

only
D
3
receptors

in
the

absence
ofdivalentcations.The

phar-
m
acologicalprofile

ofthe
D
5
receptoris

sim
ilarto,yetdistinctfrom

,
that

ofthe
D
1
receptor.

The
splice

variants
of

the
D
2
receptor

are

com
m
only

term
ed

D
2S

and
D
2L

(short
and

long).
The

D
R
D
4
gene

encoding
the

D
4

receptor
is

highly
polym

orphic
in

hum
ans,

w
ith

allelic
variations

ofthe
protein

from
am

ino
acid

387
to

515.
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JM

et
a
l.

(2015)
D
opam

ine
receptors

-
IU
PH

AR
Review

13.
Br.

J.
Ph
a
rm
a
col.

1
7
2:

1-23
[PM

ID
:25671228]

Beaulieu
JM

et
a
l.(2011)

The
physiology,signaling,and

pharm
acology

ofdopam
ine

receptors.
Ph
a
rm
a
-

col.
R
ev.

6
3:182-217

[PM
ID

:21303898]
C
um

m
ing

P.(2011)Absolute
abundances

and
affinity

states
ofdopam

ine
receptorsin

m
am

m
alian

brain:
A
review

.
Syn

a
p
se

6
5:

892-909
[PM

ID
:21308799]

M
aggio

R
et
a
l.

(2010)
D
opam

ine
D
2-D

3
receptor

heterom
ers:

pharm
acologicalproperties

and
thera-

peutic
significance.

C
u
rr
O
p
in
Ph
a
rm
a
col1

0:100-7
[PM

ID
:19896900]

Ptácek
R
et
a
l.
(2011)

D
opam

ine
D
4
receptor

gene
D
RD

4
and

its
association

w
ith

psychiatric
disorders.

M
ed
.
Sci.

M
on
it.

1
7:RA215-20

[PM
ID

:21873960]
Schw

artz
J-C

et
a
l..(1998)D

opam
ine

Receptors.
In
T
h
e
IU
PH
A
R
C
om

p
en
d
iu
m
of
R
ecep

tor
C
h
a
ra
cteriza

tion
a
n
d
C
la
ssifica

tion
Edited

by
G
irdlestone

D
:IU

PH
AR

M
edia:141-151

U
ndieh

AS.(2010)
Pharm

acology
ofsignaling

induced
by

dopam
ine

D
(1)-like

receptoractivation.
Ph
a
r-

m
a
col.

T
h
er.

1
2
8:

37-60
[PM

ID
:20547182]

E
n
d
o
th

e
lin

re
ce

p
to
rs

G
protein-coupled

receptors
Endothelin

receptors

O
v
e
r
v
ie
w
:Endothelin

receptors(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n
E
n
d
o
th

e
lin

R
e
c
e
p
to

r
s
[3

9
5
])are

activated
by

the
endogenous21

am
ino-acid

peptidesendothelins
1-3

( endothelin-1
(ED

N
1,P05305),endothelin-2

(ED
N
2,P20800)

and
endothelin-3

(ED
N
3,P14138)).

N
om

enclature
ETA

receptor
ETB

receptor

H
G
N
C
,U

niProt
ED
N
R
A,P25101

ED
N
R
B,P24530

Fam
ily

selective
agonists

endothelin-1
(ED

N
1,P05305)

=
endothelin-2

(ED
N
2,P20800)

endothelin-3
(ED

N
3,P14138)

[1178]
endothelin-1

(ED
N
1,P05305)

=
endothelin-2

(ED
N
2,P20800),endothelin-3

(ED
N
3,P14138)

Selective
agonists

–
sarafotoxin

S6c
(p
K
d
8.8–9.8)

[1016,1616],BQ
3020

(p
K
i 9.7)

[1576],
[Ala 1,3,11,15

]ET-1
(p
K
d
8.7–9.2)

[1300],IRL
1620

(p
K
i 8.7)

[1991]

(Sub)fam
ily-selective

antagonists
SB209670

(p
K
B
9.4)

[474]–
Rat,TAK

044
(p
A
2
8.4)[1993]–

Rat,bosentan
(p
A
2

7.2)[354]–
Rat

SB209670
(p
K
B
9.4)

[474]–
Rat,TAK

044
(p
A
2
8.4)

[1993]–
Rat,bosentan

(p
K
i

7.1)
[1349]

Selective
antagonists

atrasentan
(p
A
2
9.2–10.5)[1446],PD

-156707
(p
K
d
9–9.8)

[1180],m
acitentan

(pIC
5
0
9.3)[174],sitaxsentan

(p
A
2
8)

[2047],FR139317
(Inverse

agonist)
(pIC

5
0

7.3–7.9)[1178],am
brisentan

(pIC
5
0
7.7)

[175],BQ
123

(p
A
2
6.9–7.4)[1178],

avosentan
(pIC

5
0
7.3)

[210],am
brisentan

(p
A
2
7.1)

[175]

A192621
(p
K
d
8.1)

[2145],BQ
788

(p
K
d
7.9–8)[1616],IRL

2500
(p
K
d
7.2)

[1616],Ro
46-8443

(pIC
5
0
7.2)

[209]

Labelled
ligands

[ 125I]PD
164333

(Antagonist)(p
K
d
9.6–9.8)[398],[ 3

H
]S0139

(Antagonist)(p
K
d

9.2),[ 125
I]PD

151242
(Antagonist)(p

K
d
9–9.1)

[399],[ 3
H
]BQ

123
(Antagonist)

(p
K
d
8.5)

[817]

[ 125
I]IRL1620

(Agonist)(p
K
d
9.9–10.1)

[1362],[ 125I]BQ
3020

(Agonist)(p
K
d

8.3–10)
[702,1300,1495],[ 125I][Ala 1,3,11,15]ET-1

(Agonist)(p
K
d
9.7)

[1300]

C
o
m

m
e
n
ts:

Splice
variants

ofthe
ETA

receptor
have

been
identified

in
rat

pituitary
cells;one

ofthese,ETA
R-C

13,appeared
to

show
loss

offunction
w
ith

com
parable

plasm
a
m
em

brane
expression

to
w
ild

type
receptor[713 ].Subtypes

ofthe
ETB

receptorhave
been

proposed,although
gene

disruption
studies

in
m
ice

suggest
thatonly

a
single

gene
product

exists
[1295 ].
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receptor
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H
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Exp

Ph
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a
col

2
1
8:

199-227
[PM

ID
:24092342]

D
avenportAP.(2002)InternationalU

nion
ofPharm

acology.X
X
IX
.U
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receptornom

en-
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Ph
a
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R
ev.

5
4:

219-226
[PM

ID
:12037137]

D
haun

N
et
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(2012)
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and
the

kidney–beyond
BP.

Br.
J.
Ph
a
rm
a
col.

1
6
7:

720-31
[PM

ID
:22670597]

Kohan
D
E
et
a
l.(2012)C

linicaltrials
w
ith
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receptorantagonists:w

hatw
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rong
and

w
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can
w
e
im

prove?
Life

Sci.
9
1:528-39

[PM
ID

:22967485]
Kohan

D
E
et
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l.

(2011)
Regulation

of
blood

pressure
and

salt
hom

eostasis
by

endothelin.
Ph
ysiol.

R
ev.

9
1:

1-77
[PM

ID
:21248162]

Ling
L
et
a
l.

(2013)
Endothelin-2,

the
forgotten

isoform
:
em

erging
role

in
the

cardiovascular
system

,
ovarian

developm
ent,im

m
unology

and
cancer.

Br.
J.
Ph
a
rm
a
col.

1
6
8:

283-95
[PM

ID
:22118774]

M
aguire

JJ
et
a
l.

(2014)
Endothelin@

25
-
new

agonists,
antagonists,

inhibitors
and

em
erging

research
frontiers:IU

PH
AR

Review
12.

Br.
J.
Ph
a
rm
a
col.

1
7
1:

5555-72
[PM

ID
:25131455]

M
aguire

JJ
et
a
l.

(2015)
Endothelin

Receptors
and

Their
Antagonists.

Sem
in
.
N
ep
h
rol.

3
5:

125-136
[PM

ID
:25966344]

Said
N
et
a
l.

(2012)
Perm

issive
role

of
endothelin

receptors
in

tum
or

m
etastasis.

Life
Sci.

9
1:

522-7
[PM

ID
:22846215]

Speed
JS

et
a
l.

(2013)
Endothelin,

kidney
disease,

and
hypertension.

H
yp
erten

sion
6
1:

1142-5
[PM

ID
:23608655]

G
p
ro

te
in
-co

u
p
le
d
e
stro

g
e
n
re
ce

p
to
r

G
protein-coupled

receptors
G

protein-coupled
estrogen

receptor

O
v
e
r
v
ie
w
:
The

G
protein-coupled

estrogen
receptor

(G
PER,

n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

th
e
G

p
r
o
te

in
-c
o
u
p
le
d

e
str

o
g
e
n

r
e
c
e
p
to

r
[1

5
3
6
])

w
as

identified
follow

ing
observations

ofestrogen-evoked
cyclic

AM
P
signalling

in
breast

cancer
cells

[61],w
hich

m
irrored

the
differentialexpression

ofan
orphan

7-transm
em

brane
receptor

G
PR30

[265].
There

are
observations

ofboth
cell-surface

and
intracellularexpression

ofthe
G
PER

receptor[ 1573,1877].

N
om

enclature
G
PER

H
G
N
C
,U

niProt
G
PER

1,Q
99527

Selective
agonists

G
1
(p
K
i 8)[176]

Selective
antagonists

G
36

(pIC
5
0
6.8–6.9)[414],G

15
(pIC

5
0
6.7)[413]

Labelled
ligands

[ 3
H
]17

β-estradiol(Agonist)
(p
K
d
8.5–8.6)

[1877]

C
o
m

m
e
n
ts:Antagonists

atthe
nuclearestrogen

receptor,such
as

fulvestrantand
tam

oxifen
[515],as

w
ellas

the
flavonoid

‘phytoestrogens’genistein
and

quercetin
[1177],are

agonists
at

G
PER

receptors.

Fu
rth

e
r
R
e
a
d
in
g

Barton
M
et
a
l.(2015)Em
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and
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[PM

ID
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G
et
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ID
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ID
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Fo
rm

ylp
e
p
tid

e
re
ce

p
to
rs

G
protein-coupled

receptors
Form

ylpeptide
receptors

O
v
e
r
v
ie
w
:
The

form
ylpeptide

receptors
(n

o
m

e
n
c
la

tu
r
e
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

th
e
fo

r
m

y
l
p
e
p
tid

e
r
e
c
e
p
to

r
fa

m
ily

[2
0
9
2
])

respond
to

exogenous
ligands

such
as

the
bacterialproductfM

et-Leu-Phe
(fM

LP)and
endogenousligands

such
as

annexin
I(A

N
X
A
1,P04083),cathepsin

G
(C
T
SG

,P08311),am
yloid

β42,serum
am

yloid
A
and

spinorphin,derived
from

β-haem
oglobin

(H
BB,

P68871).

N
om

enclature
FPR1

FPR2/ALX
FPR3

H
G
N
C
,U

niProt
FPR

1,P21462
FPR

2,P25090
FPR

3,P25089

Rank
orderofpotency

fM
et-Leu-Phe

cathepsin
G

(C
T
SG

,P08311)
annexin

I
(A
N
X
A
1,P04083)

[1058,1821]
LX

A4
=aspirin

triggered
lipoxin

A4=ATLa2
LTC

4
=LTD

4
15-deoxy-LX

A4
fM

et-Leu-Phe
[352,519,521,651,1846]

–

Endogenous
agonists

–
LX

A4
(Selective)(pEC

5
0

12)[1006],resolvin
D
1
(Selective)(pEC

5
0

11.9)[1006],aspirin
triggered

lipoxin
A4

(Selective)
F2L

(H
EBP1,Q

9N
RV9)

(Selective)(pEC
5
0
8–8.2)[ 1274]

Agonists
fM

et-Leu-Phe
(pEC

5
0
10.1–10.2)

[546,1734]
–

–

Selective
agonists

–
ATLa2

[662]
–

Endogenous
antagonists

spinorphin
(Selective)(pIC

5
0
4.3)[1099,1348]

–
–

Antagonists
t-Boc-FLFLF

(p
K
i 6–6.5)

[2008]
–

–

Selective
antagonists

cyclosporin
H
(p
K
i 6.1–7.1)

[2008,2078]
–

–

Labelled
ligands

[ 3
H
]fM

et-Leu-Phe
(Agonist)

(p
K
d
7.6–9.3)

[990]
[ 3
H
]LX

A4
(Agonist)

(p
K
d
9.2–9.3)

[519,520]
–

C
om

m
ents

A
FITC

-conjugated
fM

LP
analogue

has
been

used
for

binding
to

the
m
ouse

recom
binantreceptor[724].

The
agonist

activity
ofthe

lipid
m
ediators

described
has

been
questioned

[697,1513],w
hich

m
ay

derive
from

batch-to-batch
differences,partialagonism

or
biased

agonism
.Recentresults

from
C
ooray

et
a
l.(2013)[ 365]have

addressed
this

issue
and

the
role

of
hom

odim
ers

and
heterodim

ersin
the

intracellularsignaling
.

–

C
o
m

m
e
n
ts:N

ote
thatthe

data
for

FPR2/ALX
are

also
reproduced

on
the

leukotriene
receptorpage.
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rm
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col.
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ID
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Jet

a
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receptor3
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w
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m
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processes
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receptor
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at
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cellsurface,and
phosphorylation.

J.
Biol.

C
h
em

.
2
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6:

26718-31
[PM

ID
:21543323]

Yazid
S
et
a
l.
(2012)

Anti-inflam
m
atory

drugs,eicosanoids
and

the
annexin

A1/FPR2
anti-inflam

m
atory

system
.
Prosta

g
la
n
d
in
s
O
th
er
Lip
id
M
ed
ia
t.
9
8:

94-100
[PM

ID
:22123264]

Ye
RD

et
a
l.(2009)InternationalU

nion
ofBasic

and
C
linicalPharm

acology.LX
X
III.N

om
enclature

forthe
form

ylpeptide
receptor(FPR)fam

ily.
Ph
a
rm
a
col.

R
ev.

6
1:119-61

[PM
ID

:19498085]
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Fre
e
fa
tty

a
cid

re
ce

p
to
rs

G
protein-coupled

receptors
Free

fatty
acid

receptors

O
v
e
r
v
ie
w
:

Free
fatty

acid
receptors

(FFA,
n
o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

fr
e
e

fa
tty

a
c
id

r
e
c
e
p
to

r
s
[3

9
6
,
1
8
0
3
])

are
activated

by
free

fatty
acids.

Long-chain
saturated

and
unsaturated

fatty
acids

(C
14.0

( m
yristic

acid),
C
16:0

(palm
itic

acid),
C
18:1

(oleic
acid),

C
18:2

(linoleic
acid),

C
18:3,

(α
-linolenic

acid),
C
20:4

(arachidonic
acid),

C
20:5,n-3

(EPA),
C
22:6,n-3

(docosahexaenoic
acid))

activate
FFA1

[218,
833,

998]
and

FFA4
receptors

[757,
812,

1427],
w
hile

short
chain

fatty
acids

(C
2

( acetic
acid),

C
3

(propanoic
acid),

C
4

(butyric
acid)

and
C
5

(pentanoic
acid))

activate
FFA2

[226,
1057,

1399]
and

FFA3
[226,

1057]
receptors.

In
addition,

thiazolidine-
dione

PPAR
γagonistssuch

asrosiglitazone
activate

FFA1
(pEC

50
5.2;

[999,
1768,

1802])
and

sm
allm

olecule
allosteric

m
odulators,

such
as

4-C
M
TB,

have
recently

been
characterised

for
FFA2

[801,
1070,

1769].

N
om

enclature
FFA1

receptor
FFA2

receptor
FFA3

receptor
FFA4

receptor
G
PR
4
2

H
G
N
C
,U

niProt
FFA

R
1,O

14842
FFA

R
2,O

15552
FFA

R
3,O

14843
FFA

R
4,Q

5N
U
L3

G
PR
4
2,O

15529

Endogenous
agonists

docosahexaenoic
acid

(pEC
5
0
5.4–6)

[218,833]
–

–
α-linolenic

acid
(pEC

5
0
5.5)

[1727]
–

Agonists
fasiglifam

(pEC
5
0
7.1)

[893,1791,1909]
–

–
–

–

(Sub)fam
ily-selective

agonists
α-linolenic

acid
(pEC

5
0

4.6–5.7)[ 218,833,998],
oleic

acid
(pEC

5
0

3.9–5.7)[218,833,998],
m
yristic

acid
(pEC

5
0

4.5–5.1)[218,833,998]

propanoic
acid

(pEC
5
0
3–4.9)

[ 226,1057,1399,1670],
acetic

acid
(pEC

5
0
3.1–4.6)[226,

1057,1399,1670],butyric
acid

(pEC
5
0
2.9–4.6)

[226,1057,
1399,1670],
tra
n
s-2-m

ethylcrotonic
acid

(pEC
5
0
3.8)

[1670],
1-m

ethylcyclopropanecarboxylic
acid

(pEC
5
0
2.6)

[1670]

propanoic
acid

(pEC
5
0
3.9–5.7)

[ 226,1057,1670,2063],
butyric

acid
(pEC

5
0
3.8–4.9)

[226,1057,1670,2063],
1-m

ethylcyclopropanecarboxylic
acid

(pEC
5
0
3.9)

[1670],acetic
acid

(pEC
5
0
2.8–3.9)

[226,1057,
1670,2063]

m
yristic

acid
(pEC

5
0
5.2)

[ 1996],oleic
acid

(pEC
5
0
4.7)

[1996]

–

Selective
agonists

AM
G
-837

(pEC
5
0
8.5)

[1110],TU
G
-770

(pEC
5
0

8.2)[332],G
W
9508

(pEC
5
0
7.3)

[217],
linoleic

acid
(pEC

5
0

4.4–5.7)[218,833,998]

com
pound

1
[PM

ID
:23589301]

(pEC
5
0
7.1)

[800]–
Rat,

(S)-4-C
M
TB

(pEC
5
0
6.4)

[801,
1070]

–
com

pound
A
[PM

ID
24997608]

(pEC
5
0
7.6)

[1428],TU
G
-891

(pEC
5
0
7)

[1727]–
U
nknow

n,
N
C
G
21

(pEC
5
0
5.9)

[1829]

–
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(continued)

N
om

enclature
FFA1

receptor
FFA2

receptor
FFA3

receptor
FFA4

receptor
G
PR
4
2

Selective
antagonists

G
W
1100

(pIC
5
0
6)

[217]
G
LPG

0974
(pIC

5
0
8.1)

[ 1512],C
ATPB

(pIC
5
0
6.5)

[801]

–
–

–

C
om

m
ents

AntagonistG
W
1100

has
been

show
n
to

reduce
[ 35

S]G
TP

γS
binding

in
FFA

R
1-expressing

cells
[1802].G

W
1100

is
also

an
oxytocin

receptor
antagonist[ 217].TU

G
-770

and
G
W
9508

are
both

approxim
ately

100
fold

selective
for

FFA1
overFFA4

[ 217,332].AM
G
-837

and
the

related
analogue

AM
6331

have
been

suggested
to

have
an

allosteric
m
echanism

of
action

atFFA1,w
ith

respect
to

the
orthosteric

fatty
acid

binding
site

[ 1110,2064].

–
Beta-hydroxybutyrate

has
been

reported
to

antagonise
FFA3

responses
to

shortchain
fatty

acids
[ 951].A

range
of

FFA3
selective

m
olecules

w
ith

agonist
and

antagonist
properties,but

w
hich

bind
at

sites
distinctfrom

the
short

chain
fatty

acid
binding

site,
have

recently
been

described
[ 799].

com
pound

A
[PM

ID
24997608]

exhibits
m
ore

than
1000

fold
selectivity

[1428],and
TU

G
-891

50-1000
fold

selectivity
for

FFA4
overFFA1

[1727],dependenton
the

assay.
N
G
C
21

exhibits
approxim

ately
15

fold
selectivity

for
FFA4

overFFA1
[ 1820].

–

C
o
m

m
e
n
ts:

Short
(361

am
ino

acids)
and

long
(377

am
ino

acids)
splice

variantsofhum
an

FFA4
have

been
reported

[ 1318],w
hich

dif-
fer

by
a
16

am
ino

acid
insertion

in
intracellular

loop
3,

and
exhibit

differences
in

intracellular
signalling

properties
in

recom
binant

sys-

tem
s
[1996].The

long
FFA4

splice
varianthas

notbeen
identified

in
otherprim

ates
orrodents

to
date

[757,1318].

G
PR
4
2
w
as

originally
described

as
a
pseudogene

w
ithin

the
fam

ily
(EN

SFM
00250000002583),butthe

recentdiscovery
ofseveralpoly-

m
orphism

s
suggests

thatsom
e
versionsofG

PR42
m
ay

be
functional

[ 1101].
G
PR
8
4
is
a
structurally-unrelated

G
protein-coupled

recep-
tor

w
hich

has
been

found
to

respond
to

m
edium

chain
fatty

acids
[1981].

Fu
rth

e
r
R
e
a
d
in
g

M
anciniAD

et
a
l.
(2013)

The
fatty

acid
receptor

FFA1/G
PR40

a
decade

later:
how

m
uch

do
w
e
know

?
Tren

d
s
En
d
ocrin

ol.
M
eta

b
.
2
4:

398-407
[PM

ID
:23631851]

M
aslow

ski
KM

et
a
l.

(2011)
D
iet,

gut
m
icrobiota

and
im

m
une

responses.
N
a
t.

Im
m
u
n
ol.

1
2:

5-9
[PM

ID
:21169997]

M
illigan

G
et
a
l.(2009)Agonism

and
allosterism

:the
pharm

acology
ofthe

free
fatty

acid
receptors

FFA2
and

FFA3.
Br.

J.
Ph
a
rm
a
col.

1
5
8:

146-53
[PM

ID
:19719777]

Reim
ann

F
et
a
l.(2012)

G
-protein-coupled

receptors
in

intestinalchem
osensation.

C
ellM

eta
b
.
1
5:

421-
31

[PM
ID

:22482725]

Stoddart
LA

et
a
l.

(2008)
International

U
nion

of
Pharm

acology.
LX

X
I.

Free
fatty

acid
receptors

FFA1,
-2,

and
-3:

pharm
acology

and
pathophysiologicalfunctions.

Ph
a
rm
a
col.

R
ev.

6
0:

405-17
[PM

ID
:19047536]

Talukdar
S
et
a
l.
(2011)

Targeting
G
PR120

and
other

fatty
acid-sensing

G
PC

Rs
am

eliorates
insulin

resis-
tance

and
inflam

m
atory

diseases.
Tren

d
s
Ph
a
rm
a
col.

Sci.
3
2:

543-50
[PM

ID
:21663979]

W
atterson

KR
et
a
l.

(2014)
Treatm

ent
of

type
2
diabetes

by
free

Fatty
Acid

receptor
agonists.

Fron
t

En
d
ocrin

ol(La
u
sa
n
n
e)

5:137
[PM

ID
:25221541]
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G
A
B
A
B
re
ce

p
to
rs

G
protein-coupled

receptors
G
ABAB

receptors

O
v
e
r
v
ie
w
:

Functional
G
ABAB

receptors
(n

o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

G
A
B
A
B

r
e
-

c
e
p
to

r
s
[ 1

9
4
,
1
5
0
7
])

are
form

ed
from

the
heterodim

erization
of

tw
o
sim

ilar
7TM

subunits
term

ed
G
ABAB1

and
G
ABAB2

[ 194,478,
1506,1507,1926].G

ABAB
receptorsare

w
idespread

in
the

C
N
S
and

regulate
both

pre-
and

postsynaptic
activity.

The
G
ABAB1

subunit,
w
hen

expressed
alone,binds

both
antagonists

and
agonists,butthe

affinity
ofthe

latter
is
generally

10-100-fold
less

than
for

the
native

receptor.
The

G
ABAB1

subunit
w
hen

expressed
alone

is
not

trans-
ported

to
the

cellm
em

brane
and

is
non-functional.H

ow
ever,Richer

et
a
l..

(2008)
report

that
G
ABAB1

alone
can

control
ERK/M

APK
pathw

ay
activity

[1585].
C
o-expression

of
G
ABAB1

and
G
ABAB2

subunits
allow

s
transport

of
G
ABAB1

to
the

cell
surface

and
gen-

erates
a
functionalreceptor

that
can

couple
to

signaltransduction
pathw

ays
such

as
high-voltage-activated

C
a 2+

channels
(C

av 2.1,
C
av 2.2),orinw

ardly
rectifying

potassium
channels(Kir3)[ 144,194,

195].
The

G
ABAB2

subunit
also

determ
ines

the
rate

of
internalisa-

tion
ofthe

dim
eric

G
ABAB

receptor[693].The
G
ABAB1

subunithar-

bours
the

G
ABA

(orthosteric)-binding
site

w
ithin

an
extracellulardo-

m
ain

(EC
D
)venus

flytrap
m
odule

(VTM
),w

hereas
the

G
ABAB2

sub-
unit

m
ediates

G
protein-coupled

signalling
[ 194,

591,
592,

1506].
The

tw
o
subunits

interact
by

direct
allosteric

coupling
[1313],such

that
G
ABAB2

increases
the

affinity
of

G
ABAB1

for
agonists

and
re-

ciprocally
G
ABAB1

facilitates
the

coupling
ofG

ABAB2
to

G
proteins

[ 591,
1013,

1506].
G
ABAB1

and
G
ABAB2

subunits
assem

ble
in

a
1:1

stoichiom
etry

by
m
eans

of
a
coiled-coilinteraction

betw
een

α-
helicesw

ithin
theircarboxy-term

inithatm
asksan

endoplasm
ic
retic-

ulum
retention

m
otif(RX

RR)
w
ithin

the
G
ABAB1

subunit
but

other
dom

ains
of

the
proteins

also
contribute

to
their

heterom
erization

[144,
243,

1506].
Recent

evidence
indicates

that
higher

order
as-

sem
blies

ofG
ABAB

receptorcom
prising

dim
ers

ofheterodim
ers

oc-
cur

in
recom

binant
expression

system
s
and

in
vivo

and
that

such
com

plexes
exhibit

negative
functional

cooperativity
betw

een
het-

erodim
ers

[ 361,
1505].

Adding
further

com
plexity,

KC
TD

(potas-
sium

channeltetram
erization

proteins)
8,12,12b

and
16

associate
astetram

ersw
ith

the
carboxy

term
inusofthe

G
ABAB2

subunitto
im

-
part

altered
signalling

kinetics
and

agonist
potency

to
the

receptor

com
plex

[102,1680,1914]
and

review
ed

by
[1508].

Four
isoform

s
ofthe

hum
an

G
ABAB1

subunithave
been

cloned.The
predom

inant
G
ABAB1(a)

and
G
ABAB1(b)

isoform
s,

w
hich

are
m
ost

prevalent
in

neonataland
adult

brain
tissue

respectively,
differ

in
their

EC
D

se-
quences

as
a
result

of
the

use
of

alternative
transcription

initiation
sites.

G
ABAB1(a) -containing

heterodim
ers

localise
to

distal
axons

and
m
ediate

inhibition
of

glutam
ate

release
in

the
C
A3-C

A1
term

i-
nals,and

G
ABA

release
onto

the
layer5

pyram
idalneurons,w

hereas
G
ABAB1(b) -containing

receptors
occur

w
ithin

dendritic
spines

and
m
ediate

slow
postsynaptic

inhibition
[ 1541,1955].

Isoform
s
gener-

ated
by

alternative
splicing

are
G
ABAB1(c)

that
differs

in
the

EC
D
,

and
G
ABAB1(e) ,w

hich
is
a
truncated

protein
thatcan

heterodim
er-

ize
w
ith

the
G
ABAB2

subunit
but

does
not

constitute
a
functional

receptor.
O
nly

the
1a

and
1b

variants
are

identified
as

com
po-

nentsofnative
receptors[194].AdditionalG

ABAB1
subunitisoform

s
have

been
described

in
rodents

and
hum

ans
[1065]

and
review

ed
by

[144].

N
om

enclature
G
ABAB

receptor

Subunits
kcdt12b

(Accessory
protein),KC

TD
16

(Accessory
protein),KC

TD
12

(Accessory
protein),G

ABAB2
,G

ABAB1
,KC

TD
8
(Accessory

protein)

Agonists
C
G
P
44532

(pIC
5
0
8.6)

[551]–
Rat,(-)-baclofen

(pIC
5
0
8.5)

[551]–
Rat,3-APPA

(p
K
i 5.2–7.2)[762],baclofen

(p
K
i 4.3–6.2)

[762,2041],3-APM
PA

(p
K
i 5.1)[2041]

Antagonists
C
G
P
62349

(p
K
i 8.5–8.9)[762,2041],C

G
P
55845

(p
K
i 7.8)

[2041],SC
H
50911

(p
K
i 5.5–6)

[762,2041],C
G
P
35348

(p
K
i 4.4)

[2041],2-hydroxy-saclofen
(pIC

5
0
4.1)

[914]–
Rat

Labelled
ligands

[ 3
H
]C

G
P
54626

(Antagonist)(p
K
i 9.1)

[879]–
Rat,[ 3

H
]C

G
P
62349

(Antagonist)(p
K
d
9.1)[922]–

Rat,[ 125
I]C

G
P
64213

(Antagonist)(p
K
d
9)

[563]–
Rat,[ 125I]C

G
P
71872

(Antagonist)(p
K
d
9)[914]–

Rat,[ 3
H
](R)-(-)-baclofen

(Agonist)
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S
u
b
u
n
its

N
om

enclature
G
ABAB1

G
ABAB2

H
G
N
C
,U

niProt
G
A
BBR

1,Q
9U

BS5
G
A
BBR

2,O
75899

C
o
m

m
e
n
ts:

Potencies
ofagonists

and
antagonists

listed
in

the
ta-

ble,
quantified

as
IC
50

values
for

the
inhibition

of
[ 3
H
]C

G
P27492

binding
to

ratcerebralcortex
m
em

branes,are
from

[194,550,551].
Radioligand

KD
values

relate
to

binding
to

rat
brain

m
em

branes.
C
G
P
71872

is
a
photoaffinity

ligand
for

the
G
ABAB1

subunit
[122].

C
G
P27492

( 3-APPA),
C
G
P35024

(3-APM
PA)

and
C
G
P
44532

act
as

antagonistsathum
an

G
ABAA

1
receptors,w

ith
potenciesin

the
low

m
icrom

olarrange
[ 550].In

addition
to

the
ligandslisted

in
the

table,
C
a 2+

binds
to

the
VTM

ofthe
G
ABAB1

subunit
to

act
as

a
positive

allosteric
m
odulatorofG

ABA
[563].In

cerebellarPurkinje
neurones,

the
interaction

of C
a 2+

w
ith

the
G
ABAB

receptor
enhances

the
ac-

tivity
of

m
G
lu1

,
through

functional
cross-talk

involving
G
-protein

G
β
γ
subunits

[1590,
1837].

Synthetic
positive

allosteric
m
odula-

tors
w
ith

low
,
or

no,
intrinsic

activity
include

C
G
P7930,

G
S39783,

BH
F-177

and
(+)-BH

FF
[9,

144,
150,

550].
The

site
of

action
of

C
G
P7930

and
G
S39783

appears
to

be
on

the
heptahelicaldom

ain
of

the
G
ABAB2

subunit
[455,

1506].
In

the
presence

of
C
G
P7930

or
G
S39783,

C
G
P
35348

and
2-hydroxy-saclofen

behave
as

partial
agonists

[550].
A

negative
allosteric

m
odulator

of
G
ABAB

activity

has
been

reported
[302].Knock-outofthe

G
ABAB1

subunitin
C
57B

m
ice

causes
the

developm
entofsevere

tonic-clonic
convulsionsthat

prove
fatalw

ithin
a
m
onth

of
birth,

w
hereas

G
ABAB1

/
BALB/c

m
ice,although

also
displaying

spontaneousepileptiform
activity,are

viable.The
phenotype

ofthe
latteranim

als
additionally

includes
hy-

peralgesia,
hyperlocom

otion
(in

a
novel,

but
not

fam
iliar,

environ-
m
ent),hyperdopam

inergia,m
em

ory
im

pairm
entand

behavioursin-
dicative

ofanxiety
[482,1932].A

sim
ilarphenotype

has
been

found
for

G
ABAB2

/
BALB/c

m
ice

[582].

Fu
rth

e
r
R
e
a
d
in
g

BettlerB
et
a
l.(2004)M

olecularstructure
and

physiologicalfunctions
ofG

ABA(B)receptors.
Ph
ysiol.

R
ev.

8
4:

835-67
[PM

ID
:15269338]

Bow
ery

N
G

et
a
l.

(2002)
International

U
nion

of
Pharm

acology.
X
X
X
III.

M
am

m
alian

gam
m
a-

am
inobutyricacid(B)

receptors:
structure

and
function.

Ph
a
rm
a
col

R
ev.

5
4:

247-264
[PM

ID
:12037141]

Froestl
W
.
(2011)

An
historical

perspective
on

G
ABAergic

drugs.
Fu
tu
re

M
ed

C
h
em

3:
163-75

[PM
ID

:21428811]

G
assm

ann
M

et
a
l.
(2012)

Regulation
ofneuronalG

ABA(B)
receptor

functions
by

subunit
com

position.
N
a
t.
R
ev.

N
eu
rosci.

1
3:380-94

[PM
ID

:22595784]
M
arshall

FH
.
(2005)

Is
the

G
ABA

B
heterodim

er
a
good

drug
target?

J.
M
ol.

N
eu
rosci.

2
6:

169-76
[PM

ID
:16012190]

Rondard
P
et
a
l.

(2011)
The

com
plexity

of
their

activation
m
echanism

opens
new

possibilities
for

the
m
odulation

ofm
G
lu

and
G
ABAB

class
C
G
protein-coupled

receptors.
N
eu
rop

h
a
rm
a
colog

y
6
0:82-92

[PM
ID

:20713070]
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G
a
la
n
in

re
ce

p
to
rs

G
protein-coupled

receptors
G
alanin

receptors

O
v
e
r
v
ie
w
:
G
alanin

receptors
(p

r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y

N
C
-IU

P
H
A
R

[5
3
0
])

are
activated

by
the

endogenous
peptides

galanin
(G
A
L,

P22466)
and

galanin-like
peptide

(G
A
LP,

Q
9U

BC
7).H

um
an

galanin
(G
A
L,P22466)is

a
30

am
ino-acid

non-am
idated

peptide
[499];in

otherspecies,itis
29

am
ino

acids
long

and
C
-term

inally
am

idated.Am
ino

acids
1-14

ofgalanin
are

highly
conserved

in
m
am

m
als,birds,reptiles,am

phibia
and

fish.
Shorter

peptide
species

(e.g.
hum

an
galanin-1-19

[139]
and

porcine
galanin-5-29

[1740])
and

N
-term

inally
extended

form
s
(e.g

.
N
-term

inally
seven

and
nine

residue
elongated

form
s
ofporcine

galanin
[ 140,1740])

have
been

reported.

N
om

enclature
G
AL1

receptor
G
AL2

receptor
G
AL3

receptor

H
G
N
C
,U

niProt
G
A
LR
1,P47211

G
A
LR
2,O

43603
G
A
LR
3,O

60755

Rank
orderofpotency

galanin
(G
A
L,P22466)

galanin-like
peptide

(G
A
LP,Q

9U
BC

7)
[1433]

galanin-like
peptide

(G
A
LP,Q

9U
BC

7)
galanin

(G
A
L,P22466)

[1433]
galanin-like

peptide
(G
A
LP,Q

9U
BC

7)
galanin

(G
A
L,P22466)

[1039]

Agonists
–

galanin(2-29)(rat/m
ouse)(p

K
i 7.2–8.7)[1457,

1982,1983,1984]–
Rat

–

Selective
agonists

–
[D

-Trp 2]galanin-(1-29)(p
K
i 8.1)[1765]–

Rat
–

Selective
antagonists

2,3-dihydro-1,4-dithiin-1,1,4,4-tetroxide
(pIC

5
0

5.6)[1688]
M
871

(p
K
i 7.9)

[1780]
SN

AP
398299

(p
K
i 8.3)[987,988,1833],

SN
AP

37889
(p
K
i 7.8–7.8)[987,988,1833]

Selective
allosteric

m
odulators

–
C
YM

2503
(Positive)(pEC

5
0
9.2)[1147]–

Rat
–

Labelled
ligands

[ 125I][Tyr 26]galanin
(hum

an)(Agonist)(p
K
d

10.3)[525],[ 125
I][Tyr 26]galanin

(hum
an)

(Agonist)(p
K
d
7.8)

[525]

[ 125I][Tyr 26]galanin
(hum

an)(Agonist)(p
K
d
9.2)

[ 1983]–
Rat

[ 125I][Tyr 26]galanin
(pig)

(Agonist)(p
K
d
8.6)

[ 187,1766]

C
om

m
ents

–
The

C
YM

2503
PAM

potentiates
the

anticonvulsant
activity

ofendogenous
galanin

in
m
ouse

seizure
m
odels

[1147].

–

C
o
m

m
e
n
ts:galanin-(1-11)isa

high-affinity
agonistatG

AL1
/G

AL2
(p
Ki

9),
and

galanin(2-11)
is

selective
for

G
AL2

and
G
AL3

com
-

pared
w
ith

G
AL1

[1146].
[ 125

I]-[Tyr 26]galanin
binds

to
all

three
subtypes

w
ith

Kd
values

generally
reported

to
range

from
0.05

to
1
nM

,
depending

on
the

assay
conditions

used
[ 525,

1752,
1765,

1766,1983].Porcine
galanin-(3-29)does

notbind
to

cloned
G
AL1

,
G
AL2

or
G
AL3

receptors,
but

a
receptor

that
is

functionally
acti-

vated
by

porcine
galanin-(3-29)

has
been

reported
in

pituitary
and

gastric
sm

ooth
m
uscle

cells
[ 658,

2054].
Additionalgalanin

recep-
torsubtypes

are
also

suggested
from

studies
w
ith

chim
eric

peptides
(e.g.

M
15,

M
35

and
M
40),

w
hich

act
as

antagonists
in

functional
assays

in
the

cardiovascular
system

[ 1924],
spinalcord

[2024],
lo-

cus
coeruleus,hippocam

pus
[100]

and
hypothalam

us
[101,

1078],
but

exhibit
agonist

activity
at

som
e

peripheral
sites

[ 101,
658].

The
chim

eric
peptides

M
15,

M
32,

M
35,

M
40

and
C
7

are
ago-

nists
at

G
AL1

receptors
expressed

endogenously
in

Bow
es

hum
an

m
elanom

a
cells

[1433],
and

at
heterologously

expressed
recom

bi-
nant

G
AL1

,
G
AL2

and
G
AL3

receptors
[ 525,

1765,
1766].

Recent
studieshave

described
the

synthesisofa
seriesofnovel,system

ically-
active,

galanin
analogues,

w
ith

m
odest

preferentialbinding
at

the
G
AL2

receptor.Specific
chem

icalm
odifications

to
the

galanin
back-

bone
increased

brain
levels

ofthese
peptides

after
i.v.

injection
and

severalofthese
peptides

exerted
a
potent

antidepressant-like
effect

in
m
ouse

m
odels

ofdepression
[1623].
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Fu
rth

e
r
R
e
a
d
in
g

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

Lang
R
et
a
l.
(2015)

Physiology,signaling,and
pharm

acology
ofgalanin

peptides
and

receptors:
three

decades
ofem

erging
diversity.

Ph
a
rm
a
col.

R
ev.

6
7:

118-75
[PM

ID
:25428932]

Lang
R
et
a
l.(2011)The

galanin
peptide

fam
ily

in
inflam

m
ation.

N
eu
rop

ep
tid
es

4
5:1-8

[PM
ID

:21087790]

Law
rence

C
et
a
l.(2011)G

alanin-like
peptide

(G
ALP)

is
a
hypothalam

ic
regulatorofenergy

hom
eostasis

and
reproduction.

Fron
t
N
eu
roen

d
ocrin

ol3
2:1-9

[PM
ID

:20558195]
W
ebling

KE
et

a
l.

(2012)
G
alanin

receptors
and

ligands.
Fron

t
En
d
ocrin

ol
(La

u
sa
n
n
e)

3:
146

[PM
ID

:23233848]

G
h
re
lin

re
ce

p
to
r

G
protein-coupled

receptors
G
hrelin

receptor

O
v
e
r
v
ie
w
:The

ghrelin
receptor(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
fo

r
th

e
G
h
r
e
lin

r
e
c
e
p
to

r
[ 3

9
7
])

is
activated

by
a
28

am
ino-acid

peptide
originally

isolated
from

ratstom
ach,w

here
itis

cleaved
from

a
117

am
ino-acid

precur-
sor(G

H
R
L,Q

9U
BU

3).The
hum

an
gene

encoding
the

precursorpep-
tide

has
83%

sequence
hom

ology
to

rat
prepro-ghrelin,

although
the

m
ature

peptides
from

rat
and

hum
an

differ
by

only
tw

o
am

ino
acids

[ 1222].Alternative
splicing

resultsin
the

form
ation

ofa
second

peptide,
[des-G

ln 14]ghrelin
(G
H
R
L,

Q
9U

BU
3)

w
ith

equipotent
bio-

logicalactivity
[ 783].

A
unique

post-translationalm
odification

(oc-
tanoylation

ofSer 3
,catalysed

by
ghrelin

O
-acyltransferase

(M
BO

AT
4,

Q
96T53)

[2082]occurs
in

both
peptides,essentialfor

fullactivity
in

binding
to

ghrelin
receptors

in
the

hypothalam
us

and
pituitary,and

for
the

release
ofgrow

th
horm

one
from

the
pituitary

[ 983].
Struc-

ture
activity

studies
show

ed
the

first
five

N
-term

inalam
ino

acids
to

be
the

m
inim

um
required

for
binding

[116],and
receptor

m
utage-

nesis
has

indicated
overlap

ofthe
ghrelin

binding
site

w
ith

those
for

sm
allm

olecule
agonists

and
allosteric

m
odulators

of ghrelin
(G
H
R
L,

Q
9U

BU
3)function

[776].In
cellsystem

s,the
ghrelin

receptoriscon-
stitutively

active
[777],but

this
is
abolished

by
a
naturally

occurring
m
utation

(A204E)
that

results
in

decreased
cellsurface

receptor
ex-

pression
and

is
associated

w
ith

fam
ilialshortstature

[ 1458].

N
om

enclature
ghrelin

receptor

H
G
N
C
,U

niProt
G
H
SR,Q

92847

Rank
orderofpotency

ghrelin
(G
H
R
L,Q

9U
BU

3)
=
[des-G

ln 14
]ghrelin

(G
H
R
L,Q

9U
BU

3)
[115,1222]

Selective
antagonists

G
SK1614343

(pIC
5
0
8.4)[1624],G

SK1614343
(p
K
B
8)

[1487]–
Rat

Labelled
ligands

[ 125I][H
is 9]ghrelin

(hum
an)(Agonist)(p

K
d
9.4)[912],[ 125

I][Tyr 4]ghrelin
(hum

an)(Agonist)
(p
K
d
9.4)

[1339]

C
o
m

m
e
n
ts:

[des-octanoyl]ghrelin
(G
H
R
L,

Q
9U

BU
3)

has
been

show
n
to

bind
(as

[ 125I]Tyr 4
-des-octanoyl-ghrelin)and

have
effects

in
the

cardiovascular
system

[115],
w
hich

raises
the

possible
exis-

tence
ofdifferentreceptorsubtypesin

peripheraltissuesand
the

cen-
tral

nervous
system

.
A

potent
inverse

agonist
has

been
identified

([D
-Arg 1

,D
-Phe 5,D

-Trp 7,9
,Leu 11]substance

P,
p
D
2

8.3;
[774]).

U
lim

orelin,described
as

a
ghrelin

receptoragonist(p
Ki 7.8

and
p
D
2

7.5
at

hum
an

recom
binant

ghrelin
receptors),

has
been

show
n
to

stim
ulate

ghrelin
receptor

m
ediated

food
intake

and
gastric

em
p-

tying
but

not
elicit

release
of

grow
th

horm
one,

or
m
odify

ghrelin
stim

ulated
grow

th
horm

one
release,thuspharm

acologically
discrim

-

inating
the

orexigenic
and

gastrointestinalactions
ofghrelin

(G
H
R
L,

Q
9U

BU
3)

from
the

release
ofgrow

th
horm

one
[538].

A
num

ber
of

selective
antagonists

have
been

reported,including
peptidom

im
etic

[1338]
and

non-peptide
sm

all
m
olecules

including
G
SK1614343

[1487,1624].
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Andrew
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ZB.

(2011)
The

extra-hypothalam
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actions
of

ghrelin
on

neuronalfunction.
Tren

d
s
N
eu
rosci.

3
4:
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Angelidis
G
et
a
l.
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ID
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ID
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ev.

6
6:984-1001

[PM
ID

:25107984]
D
avenport

AP
et
a
l.
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ID
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p
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rm
a
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T
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er.

1
1
8:
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ID
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G
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R
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a
l.

(2010)
U
nraveling

the
role

of
the

ghrelin
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in

the
endocrine

pancreas.
J.

M
ol.

En
d
ocrin

ol.
4
5:107-18
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ID
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D
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a
l.
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G
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a
potentialtherapeutic

target
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R
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u
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1
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3:

7-17
[PM

ID
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G
lu
ca

g
o
n
re
ce

p
to
r
fa
m
ily

G
protein-coupled

receptors
G
lucagon

receptorfam
ily

O
v
e
r
v
ie
w
:The

glucagon
fam

ily
ofreceptors(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

th
e
G
lu

c
a
g
o
n

r
e
c
e
p
to

r
fa

m
ily

[1
2
3
4
])are

activated
by

the
endogenouspeptide

(27-
44

aa)horm
onesglucagon

(G
C
G
,P01275),glucagon-like

peptide
1
(G
C
G
,P01275),glucagon-like

peptide
2
(G
C
G
,P01275),glucose-dependentinsulinotropic

polypeptide
(also

know
n
asgastric

inhibitory
polypeptide

(G
IP,P09681)),G

H
RH

(G
H
R
H
,P01286)

and
secretin

(SC
T,P09683).

O
ne

com
m
on

precursor
(G
C
G
)
generates

glucagon
(G
C
G
,P01275),glucagon-like

peptide
1
(G
C
G
,P01275)

and
glucagon-like

peptide
2
(G
C
G
,

P01275)
peptides

[827].

N
om

enclature
G
H
RH

receptor
G
IP

receptor
G
LP-1

receptor

H
G
N
C
,U

niProt
G
H
R
H
R,Q

02643
G
IPR,P48546

G
LP1

R,P43220

Endogenous
agonists

–
gastric

inhibitory
polypeptide

(G
IP,P09681)

(Selective)(p
K
d
8.7)

[1961]
glucagon-like

peptide
1-(7-36)am

ide
(G
C
G
,P01275)

(Selective)(p
K
i 9.2)

[885],glucagon-like
peptide

1-(7-37)
(G
C
G
,P01275)

(Selective)[425]

Agonists
JI-38

[255],serm
orelin

–
liraglutide

(pEC
5
0
10.2)

[972],lixisenatide
(p
K
i 8.9)

[2010],W
B4-24

(p
A
2
4.9)

[502]

Selective
agonists

BIM
28011

[379],tesam
orelin

–
exendin-4

(pIC
5
0
9.2)

[1290],exendin-4
(p
K
i 8.7–9)

[ 885],exendin-3
(P20394)

[1564]

Selective
antagonists

JV-1-36
(p
K
i 10.1–10.4)[1662,1947,1948]–

Rat,
JV-1-38

(p
K
i 10.1)[1662,1947,1948]–

Rat
[Pro 3]G

IP
[584]–

M
ouse

exendin-(9-39)(p
K
i 8.1)[885],G

LP-1-(9-36)(pIC
5
0
6.9)

[1314]–
Rat,T-0632

(pIC
5
0
4.7)

[1883]

Labelled
ligands

[ 125I]G
H
RH

(hum
an)(Agonist)(p

K
d
7.6)[192]–

Rat
[ 125I]G

IP
(hum

an)(Agonist)(p
K
d
8.6)

[562]–
Rat

[ 125I]G
LP-1-(7-36)-am

ide
(Agonist)(p

K
d
9.3)

[885],
[ 125I]exendin-(9-39)(Antagonist)(p

K
d
8.3)

[885],
[ 125I]G

LP-1-(7-37)(hum
an)(Agonist)
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N
om

enclature
G
LP-2

receptor
glucagon

receptor
secretin

receptor

H
G
N
C
,U

niProt
G
LP2

R,O
95838

G
C
G
R,P47871

SC
T
R,P47872

Endogenous
agonists

glucagon-like
peptide

2
(G
C
G
,P01275)

(Selective)(pIC
5
0
8.5)[ 1880]

glucagon
(G
C
G
,P01275)

(Selective)(pEC
5
0
9)

[1515]
secretin

(SC
T,P09683)

(Selective)(pEC
5
0
9.7)

[329]

Agonists
teduglutide

[1248]
–

–

Selective
antagonists

–
L-168,049

(pIC
5
0
8.4)[269],

des-H
is 1

-[G
lu 9

]glucagon-N
H
2
(p
A
2
7.2)

[1928,1929]–
Rat, N

N
C
92-1687

(p
K
i 5)

[1170],BAY27-9955
[1496]

[(C
H
2
N
H
) 4,5

]secretin
(p
K
i 5.3)[668]

Labelled
ligands

–
[ 125

I]glucagon
(hum

an,m
ouse,rat)(Agonist)

[ 125
I](Tyr 10)secretin-27

(rat)
(Agonist)[1925]–

Rat

C
o
m

m
e
n
ts:

The
glucagon

receptor
has

been
reported

to
interact

w
ith

receptor
activity

m
odifying

proteins
(RAM

Ps),
specifically

RAM
P2,

in
heterologous

expression
system

s
[333],

although
the

physiological
significance

ofthis
has

yetto
be

established.
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G
lyco

p
ro

te
in

h
o
rm

o
n
e
re
ce

p
to
rs

G
protein-coupled

receptors
G
lycoprotein

horm
one

receptors

O
v
e
r
v
ie
w
:

G
lycoprotein

horm
one

receptors
(p

r
o
v
isio

n
a
l

n
o
m

e
n
c
la

tu
r
e

[5
3
0
])

are
activated

by
a

non-covalent
het-

erodim
eric

glycoprotein
m
ade

up
of

a
com

m
on

α
chain

(glycoprotein
horm

one
com

m
on

alpha
subunit(C

G
A,P01215)

C
G
A,

P01215),
w
ith

a
unique

β
chain

that
confers

the
biological

speci-
ficity

to
FSH

(C
G
A
FSH

B,
P01215

P01225),
LH

(C
G
A
LH
B,

P01215
P01229),

hC
G

(C
G
A
C
G
B,

P01215
P01233)

or
TSH

(C
G
A
T
SH
B,

P01215
P01222).

There
is

binding
cross-reactivity

across
the

en-

dogenous
agonists

for
each

ofthe
glycoprotein

horm
one

receptors.
The

deglycosylated
horm

ones
appear

to
exhibit

reduced
efficacy

at
these

receptors
[1626].

N
om

enclature
FSH

receptor
LH

receptor
TSH

receptor

H
G
N
C
,U

niProt
FSH

R,P23945
LH
C
G
R,P22888

T
SH
R,P16473

Endogenous
agonists

–
hC

G
(C
G
A
C
G
B,P01215

P01233)
(Selective)(p

K
d

9.9–11.8)
[ 864,1353],LH

(C
G
A
LH
B,P01215

P01229)
(Selective)(pIC

5
0
9.9–10.9)[864,1353]

–

Antagonists
FSH

deglycosylated
α/β

(p
K
d
10)

[527,921]
–

–

Labelled
ligands

[ 125I]FSH
(hum

an)(Agonist)
[ 125

I]LH
(Agonist),

[ 125
I]chorionic

gonadotropin
(hum

an)(Agonist)
[ 125I]TSH

(hum
an)(Agonist)

C
om

m
ents

Anim
alfollitropins

are
less

potentthan
the

hum
an

horm
one

as
agonists

at
the

hum
an

FSH
receptor.G

ain-
and

loss-of-function
m
utations

ofthe
FSH

receptorare
associated

w
ith

hum
an

reproductive
disorders

[ 19,109,
650,1900].The

rat
FSH

receptoralso
stim

ulates
phosphoinositide

turnoverthrough
an

unidentified
G

protein
[1547].

Loss-of-function
m
utations

ofthe
LH

receptorare
associated

w
ith

Leydig
cellhypoplasia

and
gain-of-function

m
utations

are
associated

w
ith

m
ale-lim

ited
gonadotropin-independentprecocious

puberty
(e.g.[1044,1720])and

Leydig
celltum

ours
[1126].

Autoim
m
une

antibodies
thatact

as
agonists

ofthe
TSH

receptorare
found

in
patients

w
ith

G
raves’disease

(e.g
.

[1558]).M
utants

ofthe
TSH

receptorexhibiting
constitutive

activity
underlie

hyperfunctioning
thyroid

adenom
as

[ 1464]and
congenitalhyperthyroidism

[993].TSH
receptorloss-of-function

m
utations

are
associated

w
ith

TSH
resistance

[1824].
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m
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d
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1
5
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[PM
ID
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G
eorge

JW
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a
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ID
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M
eta

b
.
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M
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P
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G
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odulin.
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N
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d
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2
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[PM

ID
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M
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a
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regulation
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a
perspective.

M
ol.

C
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En
d
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3
5
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88-97
[PM

ID
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PuettD
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a
l.(2010)The
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horm

one
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changesin
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M
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C
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2
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ID
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G
o
n
a
d
o
tro

p
h
in
-re

le
a
sin

g
h
o
rm

o
n
e
re
ce

p
to
rs

G
protein-coupled

receptors
G
onadotrophin-releasing

horm
one

receptors

O
v
e
r
v
ie
w
:
G
nRH

1
and

G
nRH

2
receptors

(p
r
o
v
iso

n
a
l
n
o
m

e
n
-

c
la

tu
r
e
[ 5

3
0
],

also
called

Type
I
and

Type
II
G
nRH

receptor,
re-

spectively
[ 1284])

have
been

cloned
from

num
erous

species,
m
ost

of
w
hich

express
tw

o
or

three
types

of
G
nRH

receptor
[ 1283,

1284,
1741].

G
nRH

I(G
N
R
H
1,

P01148)
(p-G

lu-H
is-Trp-Ser-Tyr-G

ly-
Leu-Arg-Pro-G

ly-N
H
2)

is
a
hypothalam

ic
decapeptide

also
know

n
as

luteinizing
horm

one-releasing
horm

one,gonadoliberin,luliberin,
gonadorelin

or
sim

ply
as

G
nRH

.
It
is
a
m
em

ber
of

a
fam

ily
of

sim
-

ilar
peptides

found
in

m
any

species
[1283,

1284,
1741]

includ-
ing

G
nRH

II
(G
N
R
H
2,

O
43555)

(pG
lu-H

is-Trp-Ser-H
is-G

ly-Trp-Tyr-
Pro-G

ly-N
H
2

(w
hich

is
also

know
n
as

chicken
G
nRH

-II).
Receptors

for
three

form
s
ofG

nRH
exist

in
som

e
species

but
only

G
nRH

Iand
G
nRH

IIand
their

cognate
receptors

have
been

found
in

m
am

m
als

[ 1283,
1284,

1741].
G
nRH

1
receptors

are
expressed

prim
arily

by
pituitary

gonadotrophs,and
m
ediate

centralcontrolofm
am

m
alian

reproduction.
They

are
selectively

activated
by

G
nRH

Iand
alllack

the
C
O
O
H
-term

inaltailsfound
in

otherG
PC

Rs.G
nRH

2
receptorsdo

have
C
O
O
H
-term

inaltails
and

(w
here

tested)are
selective

forG
nRH

IIoverG
nRH

I.G
nRH

2
receptorsare

expressed
by

som
e
prim

atesbut
are

thoughtnotto
be

expressed
by

hum
ansbecause

the
hum

an
G
N
-

R
H
R
2
gene

containsa
fram

e
shiftand

an
internalstop

codon
[1325].

An
alternative

phylogenetic
classification

dividesG
nRH

receptorsinto

three
classes

and
includes

both
G
nRH

I-selective
m
am

m
alian

and
G
nRH

II-selective
non-m

am
m
alian

G
nRH

receptors
as

G
nRH

1
recep-

tors
[1284].

A
m
ore

recent
phylogenetic

classification
groups

ver-
tebrate

G
nRH

receptors
into

five
subfam

ilies
[ 2028]

and
highlights

exam
ples

of
gene

loss
through

evolution,w
ith

hum
ans

notably
re-

taining
only

one
ancientgene.

Although
thousands

ofpeptide
ana-

logues
of

G
nRH

I
have

been
synthesized

and
several(agonists

and
antagonists)

are
used

therapeutically
[ 934],the

potency
ofm

ost
of

these
peptides

at
G
nRH

2
receptors

is
unknow

n.

N
om

enclature
G
nRH

1
receptor

G
nRH

2
receptor

H
G
N
C
,U

niProt
G
N
R
H
R,P30968

G
N
R
H
R
2,Q

96P88

Rank
orderofpotency

G
nRH

I(G
N
R
H
1,P01148)

G
nRH

II(G
N
R
H
2,O

43555)
[1284]

G
nRH

II(G
N
R
H
2,O

43555)
G
nRH

I(G
N
R
H
1,P01148)

(M
onkey)[1282]

Endogenous
agonists

–
G
nRH

II(G
N
R
H
2,O

43555)
(pIC

5
0
9)

[1282]–
M
onkey,G

nRH
I(G

N
R
H
1,P01148)

(pIC
5
0
7.4)

[1282]–
M
onkey

Selective
agonists

triptorelin
(p
K
i 9.3–9.5)[112],leuprolide

(p
K
i 8.5–9.1)[1807],buserelin,

goserelin,histrelin,nafarelin
–

Antagonists
iturelix

(p
K
i 9.5)[1591]

–

Selective
antagonists

cetrorelix
(p
K
i 9.3–10)[113,114,1807],abarelix

(p
K
i 9.1–9.5)

[1807],degarelix
(p
K
i 8.8)

[1938],ganirelix
trptorelix-1

[1183]–
M
onkey

Labelled
ligands

[ 125
I]buserelin

(Agonist)(p
K
d
7.4)[1024]–

Rat,
[ 125

I]G
nRH

I(hum
an,m

ouse,rat)
(Agonist)

–

C
om

m
ents

–
Probable

transcribed
pseudogene

in
m
an

[1284].

C
o
m

m
e
n
ts:

G
nRH

1
and

G
nRH

2
receptors

couple
prim

arily
to

G
q/11

[653]
but

coupling
to

G
s
and

G
i is

evident
in

som
e
system

s
[1009,

1024].
G
nRH

2
receptors

m
ay

also
m
ediate

(heterotrim
eric)

G
protein-independentsignalling

to
protein

kinases
[ 276].

There
is

increasing
evidence

for
expression

ofG
nRH

receptors
on

horm
one-

dependentcancercellsw
here

they
can

exertantiproliferative
and/or

proapoptotic
effects

and
m
ediate

effectsofcytotoxinsconjugated
to

G
nRH

analogues
[309,

706,
1108,

1661].
In

som
e
hum

an
cancer

cellm
odels

G
nRH

II(G
N
R
H
2,O

43555)
is
m
ore

potent
than

G
nRH

I
(G
N
R
H
1,

P01148),
im

plying
m
ediation

by
G
nRH

2
receptors

[657].
H
ow

ever,
G
nRH

2
receptors

that
are

expressed
by

som
e
prim

ates
are

probably
notexpressed

in
hum

ansbecause
the

hum
an

G
N
RH

R2
gene

contains
a
fram

e
shift

and
internalstop

codon
[1325].

The

possibility
rem

ains
thatthis

gene
generates

G
nRH

2
receptor-related

proteins(otherthan
the

full-length
receptor)thatm

ediate
responses

to
G
nRH

II
(G
N
R
H
2,

O
43555)

(see
[1372]).

Alternatively,
there

is
evidence

for
m
ultiple

active
G
nRH

receptor
conform

ations
[ 276,

277,516,1231,1284]
raising

the
possibility

that
G
nRH

1
receptor-

m
ediated

proliferation
inhibition

in
horm

one-dependentcancercells
is

dependent
upon

different
conform

ations
(w

ith
different

ligand
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specificity
and

ligand
biased

signalling)
than

effects
on

G
q/11

in
pi-

tuitary
cells

[ 277,
1231].

Loss-of-function
m
utations

in
the

G
nRH

1
receptor

and
deficiency

of
G
nRH

I
(G
N
R
H
1,

P01148)
are

associ-

ated
w
ith

hypogonadotropic
hypogonadism

although
som

e
‘loss

of

function’
m
utations

m
ay

actually
prevent

trafficking
of

‘functional’
G
nRH

1
receptors

to
the

cell
surface,

as
evidenced

by
recovery

of
function

by
nonpeptide

antagonists
[1061].

H
um

an
G
nRH

1
recep-

tors
appearto

be
poorly

expressed
atthe

cellsurface
because

offail-
ure

to
m
eetstructuralquality

controlcriteria
forendoplasm

ic
reticu-

lum
exit[ 517,1061].Thism

ay
increase

susceptibility
to

pointm
uta-

tions
that

further
im

pair
trafficking

and
also

increase
effects

ofnon-
peptide

antagonists
on

G
nRH

1
receptor

trafficking
to

the
plasm

a
m
em

brane
[517,

1061].
G
nRH

receptor
signalling

m
ay

be
depen-

dentupon
receptoroligom

erisation
[363,1007].

Fu
rth

e
r
R
e
a
d
in
g

Bianco
SD

et
a
l.(2009)The

genetic
and

m
olecularbasis

ofidiopathic
hypogonadotropic

hypogonadism
.

N
a
t
R
ev
En
d
ocrin

ol5:
569-76

[PM
ID

:19707180]

Bliss
SP

et
a
l.
(2010)

G
nRH

signaling,the
gonadotrope

and
endocrine

controloffertility.
Fron

t
N
eu
roen

-

d
ocrin

ol3
1:322-40

[PM
ID

:20451543]

Lim
onta

P
et
a
l.(2012)G

nRH
receptors

in
cancer:from

cellbiology
to

noveltargeted
therapeutic

strate-
gies.

En
d
ocr.

R
ev.

3
3:

784-811
[PM

ID
:22778172]

M
cArdle

C
A
and

Roberson
M
S..

(2015)
G
onadotropes

and
gonadotropin-releasing

horm
one

signaling.
In
K
n
ob
il
a
n
d
N
eill’s

Ph
ysiolog

y
of
R
ep
rod

u
ction

(4
th

ed
ition

).
Edited

by
Plant

TM
and

Zeleznik
AJ.:

ElsevierInc.:[ISBN
:9780123971753]

M
illar

RP
et

a
l.

(2004)
G
onadotropin-releasing

horm
one

receptors.
En
d
ocr

R
ev

2
5:

235-275
[PM

ID
:15082521]

Tao
YX

et
a
l.(2014)C

haperoning
G
protein-coupled

receptors:from
cellbiology

to
therapeutics.

En
d
ocr.

R
ev.

3
5:

602-47
[PM

ID
:24661201]

G
P
R
1
8
,
G
P
R
5
5
a
n
d
G
P
R
1
1
9

G
protein-coupled

receptors
G
PR18,G

PR55
and

G
PR119

O
v
e
r
v
ie
w
:
G
PR18,G

PR55
and

G
PR119

(p
r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e),

although
show

ing
little

structuralsim
ilarity

to
C
B1

and
C
B2

cannabinoid
receptors,respond

to
endogenous

agents
analogous

to
the

endogenous
cannabinoid

ligands,as
w
ellas

som
e
natural/synthetic

cannabinoid
receptor

ligands
[ 1494].

Although
there

are
m
ultiple

reports
to

indicate
that

G
PR18,G

PR55
and

G
PR119

can
be

activated
in
vitro

by
N
-arachidonoylglycine,lysophosphatidylinositoland

N
-oleoylethanolam

ide,respectively,there
is
a
lack

ofevidence
for

activation
by

these
lipid

m
essengers

in
vivo.As

such,therefore,these
receptors

retain
their

orphan
status.

N
om

enclature
G
PR
1
8

G
PR
5
5

G
PR
1
1
9

H
G
N
C
,U

niProt
G
PR
1
8,Q

14330
G
PR
5
5,Q

9Y2T6
G
PR
1
1
9,Q

8TD
V5

Rank
orderofpotency

–
–

N
-oleoylethanolam

ide,N
-palm

itoylethanolam
ine

SEA
(anandam

ide
is
ineffective)[1452]

Endogenous
agonists

N
-arachidonoylglycine

[980]
lysophosphatidylinositol(pEC

5
0
5.5–7.3)[738,1435,

1785],2-arachidonoylglycerolphosphoinositol
(Selective)[1437]

N
-oleoylethanolam

ide
(pEC

5
0
5.4–6.3)

[338,1452,
1785],N

-palm
itoylethanolam

ine,SEA

Selective
agonists

–
AM

251
(pEC

5
0
5–7.4)

[738,905,1620]
AS1269574

(pEC
5
0
5.6)

[2100],PSN
632408

(pEC
5
0

5.3)
[1452],PSN

375963
(pEC

5
0
5.1)

[1452]

Selective
antagonists

–
C
ID

16020046
(apparent

pA2
)
(p
A
2
7.3)

[906]
–

C
om

m
ents

The
pairing

ofN
-arachidonoylglycine

w
ith

G
PR18

w
as

notreplicated
in

tw
o
studies

based
on

arrestin
assays

[ 1785,2093].See
[396]for

discussion.

See
review

s
[396]and

[1732].
In

addition
to

those
show

n
above,furthersm

all
m
olecule

agonists
have

been
reported

[ 687].
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C
o
m

m
e
n
ts:

G
PR18

failed
to

respond
to

a
variety

of
lipid-

derived
agents

in
an

in
vitro

screen
[ 2093],

but
has

been
re-

ported
to

be
activated

by
9
-tetrahydrocannabinol

[1246].
G
PR55

responds
to

AM
251

and
rim

onabant
at

m
icrom

olar
concentrations,

com
pared

to
their

nanom
olar

affinity
as

C
B1

re-

ceptor
antagonists/inverse

agonists
[1494].

It
has

been
reported

that
lysophosphatidylinositol

acts
at

other
sites

in
addition

to
G
PR55

[2075].
N
-Arachidonoylserine

has
been

suggested
to

act
as

a
low

efficacy
agonist/antagonist

at
G
PR18

in
vitro

[ 1244].
It

has
also

been
suggested

oleoyl-lysophosphatidylcholine
acts,

at

least
in

part,
through

G
PR119

[1400].
Although

PSN
375963

and
PSN

632408
produce

G
PR119-dependent

responses
in

heterolo-
gous

expression
system

s,
com

parison
w
ith

N
-oleoylethanolam

ide-
m
ediated

responses
suggests

additional
m
echanism

s
of

action
[ 1400].

Fu
rth

e
r
R
e
a
d
in
g
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So

w
hatdo

w
e
callG
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now

?
Br.

J.
Ph
a
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a
col.

1
6
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2411-3
[PM

ID
:22014123]

D
avenportAP

et
a
l.(2013)

InternationalU
nion

ofBasic
and

C
linicalPharm

acology.LX
X
X
VIII.G

protein-
coupled

receptorlist:recom
m
endations

for
new

pairings
w
ith

cognate
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a
rm
a
col.

R
ev.

6
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967-86
[PM

ID
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H
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H
S
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G
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d
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a
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col.
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ID
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M
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M
icroglia:im
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C
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a
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a
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ID
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X
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C
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C
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a
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R
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6
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ID
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G
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relationship.
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d
s
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a
rm
a
col.

Sci.
3
2:

265-9
[PM

ID
:21367464]

Yam
ashita

A
et
a
l.(2013)The

actionsand
m
etabolism

oflysophosphatidylinositol,an
endogenousagonist

for
G
PR55.
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g
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d
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O
th
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M
ed
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t.[PM

ID
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Zhao
P
et
a
l.

(2013)
G
PR55

and
G
PR35

and
their

relationship
to

cannabinoid
and

lysophospholipid
receptors.

Life
Sci.

9
2:453-7

[PM
ID

:22820167]

H
ista

m
in
e
re
ce

p
to
rs

G
protein-coupled

receptors
H
istam

ine
receptors

O
v
e
r
v
ie
w
:
H
istam

ine
receptors

(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

H
ista

m
in

e
R
e
c
e
p
to

r
s
[7

5
4
,
1
4
5
9
])

are
activated

by
the

endogenous
ligand

histam
ine.

M
arked

species
differences

exist
betw

een
histam

ine
receptororthologues

[754].
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N
om

enclature
H
1
receptor

H
2
receptor

H
3
receptor

H
4
receptor

H
G
N
C
,U

niProt
H
R
H
1,P35367

H
R
H
2,P25021

H
R
H
3,Q

9Y5N
1

H
R
H
4,Q

9H
3N

8

Selective
agonists

m
ethylhistaprodifen

(p
K
i 6.4)

[1695],
histaprodifen

(p
K
i 5.7)[1107]

am
tham

ine
(pEC

5
0
6.4)[1003]

im
m
ethridine

(p
K
i 9.1)

[963],
m
ethim

epip
(p
K
i 9)

[962],M
K-0249

(Inverse
agonist)

(p
K
i 8.8)[1354]

clobenpropit(Partialagonist)(p
K
i

7.4–8.3)[ 490,1107,1122,1123,
1335],4-m

ethylhistam
ine

(p
K
i

7.3–8.2)[586,1107],VU
F
8430

(p
K
i 7.5)[1106]

Antagonists
cyproheptadine

(p
K
i 10.2)[1298],

prom
ethazine

(p
K
i 9.6)

[601],pyrilam
ine

(Inverse
agonist)(p

K
i 8.7–9)

[184,1563],
hydroxyzine

(p
K
i 8.7)[608],ketotifen

(p
K
i

8.6)
[1014],cetirizine

(Inverse
agonist)

(p
K
i 8.2)

[ 1298],diphenhydram
ine

(p
K
i

7.9)
[184]

–
iodophenpropit(p

K
i 8.2–8.7)[2022,

2051],thioperam
ide

(p
K
i 7.1–7.7)

[355,489,490,1104,1145,2022,
2051]

–

Selective
antagonists

clem
astine

(p
K
i 10.3)

[68],desloratadine
(p
K
i 9)

[1090],triprolidine
(p
K
i 8.5–9)

[184,1298],azelastine
(p
K
i 8.9)

[1535],
astem

izole
(p
K
i 8.5)

[1480],cyclizine
(p
K
i

8.4)
[68],chlorpheniram

ine
(p
K
i 8.1)

[1535],fexofenadine
(p
K
i 7.6)

[64],
loratadine

(p
K
i 7.4)

[850],terfenadine
(p
K
i 7.4)

[64],tripelennam
ine

(pIC
5
0
7.4)

[635]

tiotidine
(p
K
i 7.5)

[145]–
Rat,

ranitidine
(p
K
i 7.1)

[1086],
cim

etidine
(p
K
i 6.8)[263]

clobenpropit(p
K
i 8.4–9.4)[355,490,

1104,1122,1145,2022,2051],
A331440

(p
K
i 8.5)[688]

JN
J7777120

(p
K
i 7.8–8.3)

[1107,
1771,1881]

Labelled
ligands

[ 3
H
]pyrilam

ine
(Antagonist,Inverse

agonist)
(p
K
d
8.4–9.1)[403,1298,1675,

1695],[ 11C
]doxepin

(Antagonist)(p
K
d
9)

[ 830],[ 11C
]pyrilam

ine
(Antagonist,

Inverse
agonist)

[ 125
I]iodoam

inopotentidine
(Antagonist)(p

K
d
8.7)

[1029]–
Rat,[ 3

H
]tiotidine

(Antagonist)
(p
K
d
7.7–8.7)

[1310]

[ 123
I]iodoproxyfan

(Antagonist)(p
K
d

10.2)
[1104],[ 125I]iodophenpropit

(Antagonist)(p
K
d
9.2)[849]–

Rat,
[ 3
H
](R)-α-m

ethylhistam
ine

(Agonist)
(p
K
d
9.2)

[1122],
N
-[ 3

H
]α-m

ethylhistam
ine

(Agonist)
(p
K
d
9)

[ 301]–
M
ouse

[ 3
H
]JN

J7777120
(Antagonist)

(p
K
d
8.4)

[1881]

C
o
m

m
e
n
ts:histaprodifen

and
m
ethylhistaprodifen

are
reduced

ef-
ficacy

agonists.
The

H
4

receptor
appears

to
exhibit

broadly
sim

i-
lar

pharm
acology

to
the

H
3

receptor
for

im
idazole-containing

lig-
ands,although

(R)-α-m
ethylhistam

ine
and

N
-α-m

ethylhistam
ine

are

less
potent,

w
hile

clobenpropit
acts

as
a
reduced

efficacy
agonist

at
the

H
4

receptor
and

an
antagonist

at
the

H
3

receptor
[1122,

1360,
1390,

1422,
2132].

M
oreover,

4-m
ethylhistam

ine
is

identi-
fied

as
a
high

affinity,fullagonistforthe
hum

an
H
4
receptor[1107].

[ 3
H
]histam

ine
has

been
used

to
labelthe

H
4

receptor
in

heterolo-
gous

expression
system

s.
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Berlin
M

et
a
l.

(2011)
H
istam

ine
H
3
receptor

as
a
drug

discovery
target.

J.
M
ed
.
C
h
em

.
5
4:

26-53
[PM

ID
:21062081]

H
illSJ

et
a
l.(1997)InternationalU

nion
ofPharm

acology.X
III.C

lassification
ofhistam

ine
receptors.

Ph
a
r-

m
a
col.

R
ev.

4
9:

253-278
[PM

ID
:9311023]

Leurs
R
et
a
l.(2011)En

route
to

new
blockbusteranti-histam

ines:surveying
the

offspring
ofthe

expand-
ing

histam
ine

receptorfam
ily.

Tren
d
s
Ph
a
rm
a
col.

Sci.
3
2:250-7

[PM
ID

:21414671]

M
arson

C
M
.(2011)

Targeting
the

histam
ine

H
4
receptor.

C
h
em

.
R
ev.

1
1
1:

7121-56
[PM

ID
:21842846]

PassaniM
B
et
a
l.
(2011)

H
istam

ine
receptors

in
the

C
N
S
as

targets
for

therapeutic
intervention.

Tren
d
s

Ph
a
rm
a
col.

Sci.
3
2:

242-9
[PM

ID
:21324537]

Schw
artz

JC
.
(2011)

The
histam

ine
H
3
receptor:

from
discovery

to
clinicaltrials

w
ith

pitolisant.
Br.

J.
Ph
a
rm
a
col.

1
6
3:

713-21
[PM

ID
:21615387]

H
yd

ro
x
yca

rb
o
x
ylic

a
cid

re
ce

p
to
rs

G
protein-coupled

receptors
H
ydroxycarboxylic

acid
receptors

O
v
e
r
v
ie
w
:The

hydroxycarboxylic
acid

fam
ily

ofreceptors
(EN

SFM
00500000271913,

n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

H
y
d
r
o
x
y
c
a
r
b
o
x
y
lic

a
c
id

r
e
c
e
p
to

r
s
[3

9
6
,

1
4
2
4
])respond

to
organic

acids,including
the

endogenoushydroxy
carboxylic

acids
3-hydroxy

butyric
acid

and
L-lactic

acid,as
w
ellas

the
lipid

low
ering

agents
nicotinic

acid
(niacin),acipim

ox
and

acifran
[1774,

1913,2036].
These

receptors
w
ere

provisionally
described

as
nicotinic

acid
receptors,although

nicotinic
acid

show
s
subm

icrom
olar

potency
at

H
C
A2

receptors
only

and
is
unlikely

to
be

the
naturalligand

[1913,
2036].

N
om

enclature
H
C
A1

receptor
H
C
A2

receptor
H
C
A3

receptor

H
G
N
C
,U

niProt
H
C
A
R
1,Q

9BX
C
0

H
C
A
R
2,Q

8TD
S4

H
C
A
R
3,P49019

Endogenous
agonists

L-lactic
acid

(Selective)(pEC
5
0
1.3–2.9)[14,256,

1124,1785]
β-D

-hydroxybutyric
acid

(pEC
5
0
3.1)

[1838]
3-hydroxyoctanoic

acid
(pEC

5
0
5.1)

[13]

Agonists
com

pound
2
[PM

ID
:24486398](pEC

5
0
7.2)

[1630],
3,5-dihydroxybenzoic

acid
(pEC

5
0
3.7)

[1121]
SC

H
900271

(pEC
5
0
8.7)

[1454],G
SK256073

(pEC
5
0
7.5)

[1790]
–

Selective
agonists

–
M
K
6892

(pEC
5
0
7.8)

[1719],M
K
1903

(pEC
5
0
7.6)

[163],
nicotinic

acid
(pEC

5
0
6–7.2)

[1774,1913,2036],acipim
ox

(pEC
5
0
5.2–5.6)[1774,2036],m

onom
ethylfum

arate
(pEC

5
0

5)
[1859]

com
pound

6o
[PM

ID
:19524438](pEC

5
0
8.5)

[ 1751],IBC
293

(pEC
5
0
6.4)

[1697]

Labelled
ligands

–
[ 3
H
]nicotinic

acid
(Agonist)

(p
K
d
7–7.3)

[1774,1913,2036]
–

C
o
m

m
e
n
ts:Furtherclosely-related

G
PC

Rs
include

the
5-oxoeicosanoid

receptor(O
X
ER
1,Q

8TD
S5)

and
G
PR
3
1
(O

00270).
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C
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an
M
J
et
a
l.
(2010)

N
iacin

and
fibrates

in
atherogenic

dyslipidem
ia:

pharm
acotherapy

to
reduce

cardiovascular
risk.

Ph
a
rm
a
col.

T
h
er.

1
2
6:

314-45
[PM

ID
:20153365]

D
igby

JE
et
a
l.

(2012)
N
iacin

in
cardiovascular

disease:
recent

preclinical
and

clinical
developm

ents.
A
rterioscler.

T
h
rom

b
.
V
a
sc.

Biol.
3
2:

582-8
[PM

ID
:22207729]

H
anson

J
et
a
l.(2012)

Role
ofH

C
A_2

(G
PR109A)in

nicotinic
acid

and
fum

aric
acid

ester-induced
effects

on
the

skin.
Ph
a
rm
a
col.

T
h
er.

1
3
6:

1-7
[PM

ID
:22743741]

Kam
anna

VS
et
a
l.(2013)Recentadvancesin

niacin
and

lipid
m
etabolism

.
C
u
rr.
O
p
in
.
Lip
id
ol.

2
4:239-45

[PM
ID

:23619367]

O
fferm

anns
S.

(2014)
Free

fatty
acid

(FFA)
and

hydroxy
carboxylic

acid
(H

C
A)

receptors.
A
n
n
u
.
R
ev.

Ph
a
rm
a
col.

Toxicol.
5
4:407-34

[PM
ID

:24160702]
O
fferm

anns
S
et
a
l.

(2011)
InternationalU

nion
of

Basic
and

C
linicalPharm

acology.
LX

X
X
II:

N
om

en-
clature

and
C
lassification

of
H
ydroxy-carboxylic

Acid
Receptors

(G
PR81,

G
PR109A,and

G
PR109B).

Ph
a
rm
a
col.

R
ev.

6
3:

269-90
[PM

ID
:21454438]

O
fferm

anns
S
et
a
l.(2015)N

utritionalorpharm
acologicalactivation

ofH
C
A(2)am

elioratesneuroinflam
-

m
ation.

Tren
d
s
M
olM

ed
2
1:

245-55
[PM

ID
:25766751]

K
issp

e
p
tin

re
ce

p
to
r

G
protein-coupled

receptors
Kisspeptin

receptor

O
v
e
r
v
ie
w
:
The

kisspeptin
receptor

(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

th
e
k
issp

e
p
tin

r
e
c
e
p
to

r
[9

5
8
]),

like
neuropeptide

FF
(N

PFF),
prolactin-releasing

peptide
(PrP)

and
Q
RFP

receptors
(provisionalnom

enclature)responds
to

endogenous
peptides

w
ith

an
arginine-phenylalanine-am

ide
(RFam

ide)
m
otif.

Kisspeptin-54
(K
ISS1,Q

15726)
(KP54,originally

nam
ed

m
etastin),

kisspeptin-13
(K
ISS1,Q

15726)
(KP13)and

kisspeptin-10
(K
ISS1)

(KP10)are
biologically-active

peptides
cleaved

from
the

K
ISS1

(Q
15726)

gene
product.

N
om

enclature
kisspeptin

receptor

H
G
N
C
,U

niProt
K
ISS1

R,Q
969F8

Endogenous
agonists

kisspeptin-10
(K
ISS1)

(Selective)(p
K
i 8.6–10.4)[996,1434],kisspeptin-54

(K
ISS1,Q

15726)
(Selective)(p

K
i 8.8–9.5)

[996,1434],kisspeptin-14
(K
ISS1,Q

15726)
(p
K
i 8.8)

[996],kisspeptin-13
(K
ISS1,Q

15726)
(Selective)(p

K
i 8.4)

[996]

Selective
agonists

4-fluorobenzoyl-FG
LRW

-N
H
2
(pEC

5
0
9.2)

[1894],[dY] 1
KP-10

(pIC
5
0
8.4)

[385]–
M
ouse

Selective
antagonists

peptide
234

[1600]

Labelled
ligands

[ 125I]Tyr 45-kisspeptin-15
(Agonist)

(p
K
d
10)

[1434],[ 125
I]kisspeptin-13

(hum
an)(Agonist)(p

K
d
9.7)

[1252],[ 125I]kisspeptin-10
(hum

an)(Agonist)(p
K
d
8.7)[996],

[ 125I]kisspeptin-14
(hum

an)(Agonist)
[1252]

Fu
rth

e
r
R
e
a
d
in
g

Kanda
S
et
a
l.
(2013)

Structure,synthesis,and
phylogeny

ofkisspeptin
and

its
receptor.

A
d
v.
Exp

.
M
ed
.

Biol.
7
8
4:

9-26
[PM

ID
:23550000]

Kirby
H
R
et
a
l.(2010)InternationalU

nion
ofBasic

and
C
linicalPharm

acology.LX
X
VII.Kisspeptin

receptor
nom

enclature,distribution,and
function.

Ph
a
rm
a
col.

R
ev.

6
2:

565-78
[PM

ID
:21079036]

M
illarRP

et
a
l.(2010)Kisspeptin

antagonists:unraveling
the

role
ofkisspeptin

in
reproductive

physiology.
Bra

in
R
es.

1
3
6
4:

81-9
[PM

ID
:20858467]

PasquierJ
et
a
l.(2014)M

olecularevolution
ofG

PC
Rs:Kisspeptin/kisspeptin

receptors.
J.
M
ol.

En
d
ocrin

ol.
5
2:

T101-17
[PM

ID
:24577719]

Rosew
eirAK

et
a
l.(2013)Kisspeptin

antagonists.
A
d
v.
Exp
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M
ed
.
Biol.

7
8
4:

159-86
[PM

ID
:23550006]
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Le
u
ko

trie
n
e
re
ce

p
to
rs

G
protein-coupled

receptors
Leukotriene

receptors

O
v
e
r
v
ie
w
:
Leukotriene

receptors
(n

o
m

e
n
c
la

tu
r
e

a
s
a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

su
b
c
o
m

m
itte

e
o
n

L
e
u
k
o
tr

ie
n
e

R
e
-

c
e
p
to

r
s

[2
4
9
,

2
5
0
])

is
activated

by
the

endogenous
ligands

leukotrienes
(LT),

synthesized
from

lipoxygenase
m
etabolism

of
arachidonic

acid.
The

hum
an

BLT1
receptoris

the
high

affinity
LTB4

receptorw
hereas

the
BLT2

receptor
in

addition
to

being
a

low
-affinity

LTB4
re-

ceptor
also

binds
several

other
lipoxygenase-products,

such
as

12S-H
ETE,

12S-H
PETE,

15S-H
ETE,

and
the

throm
boxane

synthase

product
12-hydroxyheptadecatrienoic

acid.
The

BLT
receptors

m
e-

diate
chem

otaxis
and

im
m
unom

odulation
in

severalleukocyte
pop-

ulations
and

are
in

addition
expressed

on
non-m

yeloid
cells,

such
as

vascular
sm

ooth
m
uscle

and
endothelialcells.

In
addition

to
BLT

receptors,
LTB4

has
been

reported
to

bind
to

the
peroxisom

e
pro-

liferator
activated

receptor(PPAR)
α
[ 1112]and

the
vanilloid

TRPV1
ligand-gated

nonselective
cation

channel[1245].
The

receptors
for

the
cysteinyl-leukotrienes

(i.e.
LTC

4
,
LTD

4
and

LTE4
)are

term
ed

C
ysLT1

and
C
ysLT2

and
exhibitdistinctexpression

patternsin
hum

an
tissues,m

ediating
forexam

ple
sm

ooth
m
uscle

cell
contraction,regulation

ofvascular
perm

eability,and
leukocyte

acti-
vation.

There
is
also

evidence
in

the
literature

for
additionalC

ysLT
receptor

subtypes,
derived

from
functionalin

vitro
studies,

radioli-
gand

binding
and

in
m
ice

lacking
both

C
ysLT1

and
C
ysLT2

recep-
tors[250].C

ysteinyl-leukotrieneshave
also

been
suggested

to
signal

through
the

P2Y12
receptor

[542,
1407,

1466],
G
PR17

[344]
and

G
PR99

[ 900].

N
om

enclature
BLT1

receptor
BLT2

receptor
C
ysLT1

receptor
C
ysLT2

receptor

H
G
N
C
,U

niProt
LT
B4
R,Q

15722
LT
B4
R
2,Q

9N
PC

1
C
YSLT

R
1,Q

9Y271
C
YSLT

R
2,Q

9N
S75

Rank
orderofpotency

LTB4
20-hydroxy-LTB4

12R-H
ETE

[2096]
12-hydroxyheptadecatrienoic

acid
LTB4

12S-H
ETE

=
12S-H

PETE
15S-H

ETE
12R-H

ETE
20-hydroxy-LTB4

[1442,2096]

LTD
4

LTC
4

LTE4
[1157,1643]

LTC
4

LTD
4

LTE4
[733,

1411,1847]

Endogenous
agonists

–
12S-H

ETE
(Partialagonist)

(pEC
5
0

7.5)
[2096]

–
–

Antagonists
–

–
IC
I198615

(-8.4–8.6)
BAYu9773

(againstLTC
4
and

LTD
4
induced

contraction
in

sm
ooth

m
uscle

preparation)(p
A
2

6.8–7.7)
[1912]–

Rat

Selective
antagonists

BIIL
260

(p
K
i 8.8)[152,457],

C
P105696

(pIC
5
0
8.1)

[1735],
U
75302

(p
K
i 6.4)[172]

LY255283
(pIC

5
0
6–7.1)

[744,
2096]

zafirlukast
(against

[ 3
H
]LTD

4
in

C
O
S-7

orH
EK-293

cells)
(pIC

5
0
8.6–8.7)[ 1157,1643],SR2640

(p
K
i

8.7), m
ontelukast(against

[ 3
H
]LTD

4
in

C
O
S-7

or
H
EK-293

cells)
(pIC

5
0
8.3–8.6)

[1157,1643],
sulukast(p

K
i 8.3),pobilukast(against

[ 3
H
]LTD

4
in

H
EK-293)(pIC

5
0
7.5)[ 1643]

BayC
ysLT2

(against
30-300nM

LTD
4
β-arrestin

assay
in

C
2C

12
m
yofibroblasts)

(pIC
5
0
6.6–7.3)

[ 1391]

Labelled
ligands

[ 3
H
]LTB4

(Agonist)
(p
K
d
9.8)

[ 2095],[ 3
H
]C

G
S23131

(Antagonist)(p
K
d
7.9)

[836]

[ 3
H
]LTB4

(p
K
d
7.6–9.7)

[ 3
H
]LTD

4
(Agonist)(p

K
d
8–10.7),[ 3

H
]IC

I-198615
(Antagonist)(p

K
d
10.6)

[1608]
[ 3
H
]LTD

4
(Agonist)(p

K
d

7.3–9.4)
[733]
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N
om

enclature
FPR2/ALX

O
X
E
receptor

H
G
N
C
,U

niProt
FPR

2,P25090
O
X
ER
1,Q

8TD
S5

Rank
orderofpotency

LX
A4

=aspirin
triggered

lipoxin
A4

=ATLa2
LTC

4
=LTD

4
15-deoxy-LX

A4
fM

et-Leu-Phe
[352,519,521,651,1846]

5-oxo-ETE,5-oxo-C
20:3,5-oxo-O

D
E

5-oxo-15-H
ETE

5S-H
PETE

5S-H
ETE

[784,877,1472]

Endogenous
agonists

LX
A4

(Selective)(pEC
5
0

12)[1006],resolvin
D
1

(Selective)(pEC
5
0

11.9)[1006],
aspirin

triggered
lipoxin

A4
(Selective)

5-oxo-ETE
(Selective)(pEC

5
0
8.3–8.5)

[638,1417,
1472,1525,1681]

Selective
agonists

ATLa2
[662]

–

Endogenous
antagonists

–
5-oxo-12-H

ETE
(Selective)(pIC

5
0
6.3)

[1524]

Antagonists
–

–

Selective
antagonists

–
–

Labelled
ligands

[ 3
H
]LX

A4
(Agonist)

(p
K
d
9.2–9.3)

[519,520]
[ 3
H
]5-oxo-ETE

(Agonist)(p
K
d
8.4)[1417]

C
om

m
ents

The
agonistactivity

ofthe
lipid

m
ediators

described
has

been
questioned

[697,1513],w
hich

m
ay

derive
from

batch-to-batch
differences,partialagonism

or
biased

agonism
.Recentresults

from
C
ooray

et
a
l.(2013)[365]

have
addressed

this
issue

and
the

role
ofhom

odim
ers

and
heterodim

ersin
the

intracellularsignaling
.

–

C
o
m

m
e
n
ts:The

FPR2/ALX
receptor(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

su
b
c
o
m

m
itte

e
o
n

L
e
u
k
o
tr

ie
n
e

a
n
d

L
ip

o
x
in

R
e
c
e
p
to

r
s
[2

5
0
])

is
activated

by
the

endogenous
lipid-

derived,
anti-inflam

m
atory

ligands
lipoxin

A4
(LX

A4
)
and

15-epi-
LX

A4
(aspirin

triggered
lipoxin

A4,ATL).The
FPR2/ALX

receptoralso
interacts

w
ith

endogenous
peptide

and
protein

ligands,
such

as
M
H
C

binding
peptide

[ 315]
as

w
ellas

annexin
I
(A
N
X
A
1,

P04083)
(AN

X
A1)

and
its

N
-term

inal
peptides

[365,
1491].

In
addition,

a

soluble
hydrolytic

product
ofprotease

action
on

the
urokinase-type

plasm
inogen

activator
receptor

has
been

reported
to

activate
the

FPR2/ALX
receptor

[1572].
Furtherm

ore,
FPR2/ALX

has
been

sug-
gested

to
actasa

receptorm
ediating

the
proinflam

m
atory

actionsof
the

acute-phase
reactant,serum

am
yloid

A
[1772,1809].A

receptor
selective

for
LX

B4
has

been
suggested

from
functionalstudies

[53,
1168,1596].

N
ote

that
the

data
for

FPR2/ALX
are

also
reproduced

on
the

Form
ylpeptide

receptorpages.

O
xoeicosanoid

receptors
(O

X
E
,
n
o
m

e
n
c
la

tu
r
e
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

su
b
c
o
m

m
itte

e
o
n

O
x
o
e
ic
o
sa

n
o
id

R
e
c
e
p
to

r
s

[2
1
4
])are

activated
by

endogenouschem
otactic

eicosanoid
ligands

oxidised
at

the
C
-5

position,
w
ith

5-oxo-ETE
the

m
ost

potent
ag-

onist
identified

for
this

receptor.
Initialcharacterization

of
the

het-
erologously

expressed
O
X
E
receptorsuggested

thatpolyunsaturated
fatty

acids,such
as

docosahexaenoic
acid

and
EPA,acted

as
receptor

antagonists
[784]

Fu
rth

e
r
R
e
a
d
in
g

Bäck
M
et
a
l.
(2014)

U
pdate

on
leukotriene,lipoxin

and
oxoeicosanoid

receptors:
IU
PH

AR
Review

7.
Br.

J.
Ph
a
rm
a
col.

1
7
1:

3551-74
[PM

ID
:24588652]

C
ooray

SN
et

a
l.

(2013)
Ligand-specific

conform
ational

change
of

the
G
-protein-coupled

receptor
ALX

/FPR2
determ

ines
proresolving

functionalresponses.
Proc.

N
a
tl.
A
ca
d
.
Sci.

U
.S.A

.
1
1
0:

18232-7
[PM

ID
:24108355]

N
elson

JW
et
a
l.(2014)ALX

/FPR2
receptorforRvD

1
is
expressed

and
functionalin

salivary
glands.

A
m
.
J.

Ph
ysiol.,

C
ellPh

ysiol.
3
0
6:

C
178-85

[PM
ID

:24259417]
N
orling

LV
et
a
l.

(2012)
Resolvin

D
1
lim

its
polym

orphonuclear
leukocyte

recruitm
ent

to
inflam

m
atory

loci:receptor-dependentactions.
A
rterioscler.

T
h
rom

b
.
V
a
sc.

Biol.
3
2:

1970-8
[PM

ID
:22499990]
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Lyso
p
h
o
sp

h
o
lip

id
(LP

A
)
re
ce

p
to
rs

G
protein-coupled

receptors
Lysophospholipid

(LPA)receptors

O
v
e
r
v
ie
w
:

Lysophosphatidic
acid

(LPA)
receptors

(n
o
m

e
n
c
la

-
tu

r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

L
y
so

p
h
o
sp

h
o
lip

id
R
e
c
e
p
to

r
s
[3

9
6
,
9
3
6
])are

activated
by

the
endogenous

phospholipid
m
etabolite

LPA.
The

first
receptor,LPA1

,
w
as

identified
as

ven
tricu

la
r
zon

e
g
en
e-1

(vzg
-1),

leading
to

deor-
phanisation

ofm
em

bersofthe
endothelialdifferentiation

gene
(ed

g)
fam

ily
as

other
LPA

receptors
along

w
ith

sphingosine
1-phosphate

(S1P)
receptors.

Additional
LPA

receptor
G
PC

Rs
w
ere

later
identi-

fied.
G
ene

nam
es

have
been

codified
as

LPA
R
1,

etc.
to

reflect
the

receptor
function

ofproteins.
The

crystalstructure
ofLPA1

w
as

re-

cently
solved

and
dem

onstrates
ligand

access
characteristics

thatal-
low

s
for

extracellular
LPA

binding
[331];these

studies
have

also
im

-
plicated

cross-talk
w
ith

endocannabinoids
via

phosphorylated
inter-

m
ediatesthatcan

activate
thisreceptor.The

identified
receptorscan

account
for

m
ost,although

not
all,LPA-induced

phenom
ena

in
the

literature,indicating
that

a
m
ajority

of
LPA-dependent

phenom
ena

are
receptor-m

ediated.Radioligand
binding

has
been

conducted
in

heterologous
expression

system
s
using

[ 3H
]LPA

(e.g
.
[556]).

In
na-

tive
system

s,analysis
ofbinding

data
is
com

plicated
by

m
etabolism

and
high

levels
of

nonspecific
binding,

and
therefore

the
relation-

ship
betw

een
recom

binant
and

endogenously
expressed

receptors
is
unclear.

Targeted
deletion

ofLPA
receptors

has
clarified

signalling
pathw

ays
and

identified
physiologicaland

pathophysiologicalroles.
Independentvalidation

by
m
ultiple

groups
has

been
reported

in
the

peer-review
ed

literature
for

allsix
LPA

receptors
described

in
the

ta-
bles,including

furthervalidation
using

a
distinctread-outvia

a
novel

TG
Fα

“shedding”
assay

[825].LPA
has

also
been

described
as

an
ag-

onist
at

otherorphan
G
PC

Rs
(PSP24,G

PR87
and

G
PR35),as

w
ellas

atthe
nuclearhorm

one
PPAR

γ
receptors

[ 1247,1743],although
the

physiologicalsignificance
ofthese

observations
rem

ain
unclear.

N
om

enclature
LPA1

receptor
LPA2

receptor
LPA3

receptor

H
G
N
C
,U

niProt
LPA

R
1,Q

92633
LPA

R
2,Q

9H
BW

0
LPA

R
3,Q

9U
BY5

Selective
agonists

–
dodecylphosphate

(pEC
5
0
6.2)[1958],

decyldihydrogen
phosphate

(pEC
5
0
5.4)

[1958],
G
RI977143

(pEC
5
0
4.5)

[959]

O
M
PT

(pEC
5
0
7.2)

[709]

Selective
antagonists

AM
966

(pIC
5
0
6.7–7.8)

[1832]
–

dioctanoylglycerolpyrophosphate
(p
K
i 5.5–7)

[522,1432]

C
om

m
ents

–
Virtualscreening

experim
ents

have
show

n
H
2L5186303

to
be

a
potentantagonistofLPA2

[510].dodecylphosphate
is

also
an

antagonistat
LPA3

receptors
[ 1958].

–

N
om

enclature
LPA4

receptor
LPA5

receptor
LPA6

receptor

H
G
N
C
,U

niProt
LPA

R
4,Q

99677
LPA

R
5,Q

9H
1C

0
LPA

R
6,P43657

C
o
m

m
e
n
ts:

Ki16425
[1432],VPC

12249
[735]

and
VPC

32179
[729]

have
antagonist

activity
at

LPA1
and

LPA3
receptors.

There
is
grow

ing
evidence

for
in
vivo

efficacy
of

these
chem

icalantagonists
in

several
disorders,including

fetalhydrocephalus
[2107],lung

fibrosis
[1429],and

system
ic

sclerosis
[1429].
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Fu
rth

e
r
R
e
a
d
in
g

C
hun

J
et
a
l.
(2010)

InternationalU
nion

ofBasic
and

C
linicalPharm

acology.
LX

X
VIII.Lysophospholipid

receptornom
enclature.

Ph
a
rm
a
col.

R
ev.

6
2:

579-87
[PM

ID
:21079037]

Kihara
Y
et
a
l.(2014)Lysophospholipid

receptornom
enclature

review
:IU

PH
AR

Review
8.
Br.

J.Ph
a
rm
a
col.

[PM
ID

:24602016]
M
irendilH

et
a
l.(2015)LPA

signaling
initiatesschizophrenia-like

brain
and

behavioralchangesin
a
m
ouse

m
odelofprenatalbrain

hem
orrhage.

Tra
n
slPsych

ia
try

5:e541
[PM

ID
:25849980]

M
utoh

T
et
a
l.
(2012)

Insights
into

the
pharm

acologicalrelevance
oflysophospholipid

receptors.
Br.

J.
Ph
a
rm
a
col.

1
6
5:

829-44
[PM

ID
:21838759]

Schober
A
et
a
l.
(2012)

Lysophosphatidic
acid

in
atherosclerotic

diseases.
Br.

J.
Ph
a
rm
a
col.

1
6
7:

465-82
[PM

ID
:22568609]

Sheng
X
et
a
l.

(2015)
Lysophosphatidic

acid
signalling

in
developm

ent.
D
evelop

m
en
t
1
4
2:

1390-5
[PM

ID
:25852197]

Yung
YC

et
a
l.
(2014)

LPA
receptor

signaling:
pharm

acology,physiology,and
pathophysiology.

J.
Lip
id

R
es.

5
5:

1192-1214
[PM

ID
:24643338]

Yung
YC

et
a
l.

(2015)
Lysophosphatidic

Acid
signaling

in
the

nervous
system

.
N
eu
ron

8
5:

669-82
[PM

ID
:25695267]

Lyso
p
h
o
sp

h
o
lip

id
(S
1
P
)
re
ce

p
to
rs

G
protein-coupled

receptors
Lysophospholipid

(S1P)
receptors

O
v
e
r
v
ie
w
:

Sphingosine
1-phosphate

(S1P)
receptors

(n
o
m

e
n
-

c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

L
y
so

p
h
o
sp

h
o
lip

id
r
e
c
e
p
to

r
s
[9

3
6
])

are
activated

by
the

endogenous
lipid

sphingosine
1-phosphate

(S1P)
and

w
ith

low
er

apparent
affinity,

sphingosylphosphorylcholine
(SPC

).
O
riginally

cloned
as

orphan
m
em

bers
of

the
endothelialdifferentiation

gene
(ed

g)
fam

ily,
deorphanisation

as
lysophospholipid

receptors
for

S1P
w
as

based
on

sequence
hom

ology
to

LPA
receptors.

C
urrent

gene
nam

eshave
been

codified
asS1PR1,etc.to

reflectthe
receptorfunc-

tion
ofthese

proteins.M
ostcellularphenom

ena
ascribed

to
S1P

can

be
explained

by
receptor-m

ediated
m
echanism

s;S1P
has

also
been

described
to

act
at

intracellularsites
[ 1841],and

aw
aits

precise
def-

inition.
Previously-proposed

SPC
(or

lysophophosphatidylcholine)
receptors-

G
2A,TD

AG
8,O

G
R1

and
G
PR4

-
continue

to
lack

confir-
m
ation

ofthese
roles

[ 396].
The

relationship
betw

een
recom

binant
and

endogenously
expressed

receptors
is
unclear.Radioligand

bind-
ing

has
been

conducted
in

heterologous
expression

system
s
using

[ 32
P]S1P

(e.g
[1438]).

In
native

system
s,analysis

ofbinding
data

is
com

plicated
by

m
etabolism

and
high

levels
ofnonspecific

binding.
Targeted

deletion
ofseveralS1P

receptorsand
key

enzym
esinvolved

in
S1P

biosynthesis
or

degradation
has

clarified
signalling

pathw
ays

and
physiologicalroles.A

crystalstructure
ofan

S1P1
-T4

fusion
pro-

tein
has

been
described

[698].

The
S1P

receptor
m
odulator,fingolim

od
(FTY720,G

ilenya),has
re-

ceived
w
orld-w

ide
approval

as
the

first
oral

therapy
for

relapsing
form

s
ofm

ultiple
sclerosis.

This
drug

has
a
novelm

echanism
ofac-

tion
involving

m
odulation

ofS1P
receptorsin

both
the

im
m
une

and
nervous

system
s
[ 325,356,654],although

the
precise

nature
ofits

interaction
requires

clarification.

N
om

enclature
S1P1

receptor
S1P2

receptor
S1P3

receptor
S1P4

receptor
S1P5

receptor

H
G
N
C
,U

niProt
S1
PR
1,P21453

S1
PR
2,O

95136
S1
PR
3,Q

99500
S1
PR
4,O

95977
S1
PR
5,Q

9H
228

Rank
orderof

potency
sphingosine

1-phosphate
dihydrosphingosine-1-phosphate

sphingosylphosphorylcholine
[45,1438]

sphingosine
1-phosphate

dihydrosphingosine-1-phosphate
sphingosylphosphorylcholine

[45,1438]

sphingosine
1-phosphate

dihydrosphingosine-1-phosphate
sphingosylphosphorylcholine

[1438]

sphingosine
1-phosphate

dihydrosphingosine-1-phosphate
sphingosylphosphorylcholine

[1936]

sphingosine
1-phosphate

dihydrosphingosine-1-phosphate
sphingosylphosphorylcholine

[821]

Agonists
SEW

2871
(p
K
i 5.5–7.7)

[1640]
–

–
–

–
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(continued)

N
om

enclature
S1P1

receptor
S1P2

receptor
S1P3

receptor
S1P4

receptor
S1P5

receptor

Antagonists
VPC

44116
(p
K
i 8.5)

[533],
VPC

23019
(p
K
i 7.9)

[400]
–

VPC
44116

(p
K
i 6.5)[533],

VPC
23019

(p
K
i 5.9)[400]

–
–

Selective
antagonists

W
146

(p
K
i 7.1)[1641]

JTE-013
(pIC

5
0
7.8)

[1447]
–

–
–

Selective
agonists

AU
Y954

(pEC
5
0
8.9)[1456]

–
–

–
–

C
o
m

m
e
n
ts:

The
approved

im
m
unom

odulator
drug

fingolim
od

can
be

phosphorylated
in
vivo

[31]
to

generate
a
relatively

potent
agonist

w
ith

activity
at

S1P1
,
S1P3

,
S1P4

and
S1P5

receptors
[215,

1198],
although

its
biologicalactivity

appears
to

involve
an

elem
entoffunctionalantagonism

[339,356,1405].

Fu
rth

e
r
R
e
a
d
in
g

C
hiH

.
(2011)

Sphingosine-1-phosphate
and

im
m
une

regulation:
trafficking

and
beyond.

Tren
d
s
Ph
a
r-

m
a
col.

Sci.
3
2:

16-24
[PM

ID
:21159389]

C
hun

J
et
a
l.
(2010)

InternationalU
nion

ofBasic
and

C
linicalPharm

acology.
LX

X
VIII.Lysophospholipid

receptornom
enclature.

Ph
a
rm
a
col.

R
ev.

6
2:

579-87
[PM

ID
:21079037]

Kihara
Y
et

a
l.

(2015)
Lysophospholipid

receptors
in

drug
discovery.

Exp
.
C
ell

R
es.

3
3
3:

171-7
[PM

ID
:25499971]

M
utoh

T
et
a
l.
(2012)

Insights
into

the
pharm

acologicalrelevance
of

lysophospholipid
receptors.

Br.
J.

Ph
a
rm
a
col.

1
6
5:

829-44
[PM

ID
:21838759]

O
’Sullivan

C
et
a
l.

(2013)
The

structure
and

function
of

the
S1P1

receptor.
Tren

d
s
Ph
a
rm
a
col.

Sci.
3
4:

401-12
[PM

ID
:23763867]

SpiegelS
et
a
l.(2011)The

outs
and

the
ins

ofsphingosine-1-phosphate
in

im
m
unity.

N
a
t.
R
ev.

Im
m
u
n
ol.

1
1:

403-15
[PM

ID
:21546914]

M
e
la
n
in
-co

n
ce

n
tra

tin
g
h
o
rm

o
n
e
re
ce

p
to
rs

G
protein-coupled

receptors
M
elanin-concentrating

horm
one

receptors

O
v
e
r
v
ie
w
:
M
elanin-concentrating

horm
one

(M
C
H
)
receptors

(p
r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y

N
C
-IU

P
H
A
R

[5
3
0
])

are
activated

by
an

endogenous
nonadecam

eric
cyclic

peptide
identicalin

hum
ans

and
rats

(D
FD

M
LRC

M
LG

RVYRPC
W
Q
V)generated

from
a
precursor( PM

C
H
,P20382),w

hich
also

produces
neuropeptide

EI(PM
C
H
,P20382)

and
neuropeptide

G
E
(PM

C
H
,P20382).

N
om

enclature
M
C
H
1
receptor

M
C
H
2
receptor

H
G
N
C
,U

niProt
M
C
H
R
1,Q

99705
M
C
H
R
2,Q

969V1

Rank
orderofpotency

m
elanin-concentrating

horm
one

(PM
C
H
,P20382)

M
C
H
(salm

on)
m
elanin-concentrating

horm
one

(PM
C
H
,P20382)

=
M
C
H
(salm

on)
[753]

Selective
antagonists

G
W
803430

(pIC
5
0
9.3)[745],SN

AP-7941
(p
A
2
9.2)

[186],T-226296
(pIC

5
0

8.3)
[1853],ATC

0175
(pIC

5
0
7.9–8.1)[283]

–

Labelled
ligands

[ 125
I]S36057

(Antagonist)(p
K
d
9.2–9.5)[66],[ 125

I][Phe 13,Tyr 19
]M

C
H

(Agonist)
(p
K
d
9.2)

[242],[ 3
H
]M

C
H
(hum

an,m
ouse,rat)(Agonist)

[242]
–

C
o
m

m
e
n
ts:The

M
C
H
2
receptorappears

to
be

a
non-functionalpseudogene

in
rodents

[1857].
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Fu
rth

e
r
R
e
a
d
in
g

Boughton
C
K
et
a
l.
(2012)

C
an

N
europeptides

Treat
O
besity?

A
review

ofneuropeptides
and

their
po-

tentialrole
in

the
treatm

entofobesity.
Br.

J.
Ph
a
rm
a
col. [PM

ID
:23121386]

C
hung

S
et
a
l.

(2011)
Recent

updates
on

the
m
elanin-concentrating

horm
one

(M
C
H
)
and

its
receptor

system
:lessons

from
M
C
H
1R

antagonists.
J.
M
ol.

N
eu
rosci.

4
3:

115-21
[PM

ID
:20582487]

Eberle
AN

et
a
l.

(2010)
C
ellular

m
odels

for
the

study
of

the
pharm

acology
and

signaling
of

m
elanin-

concentrating
horm

one
receptors.

J.
R
ecep

t.
Sig

n
a
lTra

n
sd
u
ct.

R
es.

3
0:

385-402
[PM

ID
:21083507]

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

M
acneilD

J.(2013)The
role

ofm
elanin-concentrating

horm
one

and
its

receptors
in

energy
hom

eostasis.
Fron

t
En
d
ocrin

ol(La
u
sa
n
n
e)

4:
49

[PM
ID

:23626585]
Parker

JA
et
a
l.
(2012)

H
ypothalam

ic
neuropeptides

and
the

regulation
ofappetite.

N
eu
rop

h
a
rm
a
colog

y
6
3:

18-30
[PM

ID
:22369786]

Takase
K
et
a
l.
(2014)

M
eta-analysis

ofm
elanin-concentrating

horm
one

signaling-deficient
m
ice

on
be-

havioraland
m
etabolic

phenotypes.
PLoS

O
N
E
9:e99961

[PM
ID

:24924345]

M
e
la
n
o
co

rtin
re
ce

p
to
rs

G
protein-coupled

receptors
M
elanocortin

receptors

O
v
e
r
v
ie
w
:M

elanocortin
receptors(p

r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d
b
y
N
C
-IU

P
H
A
R

[5
3
0
])are

activated
by

m
em

bers
ofthe

m
elanocortin

fam
ily

(α-M
SH

(PO
M
C
,P01189),

β-M
SH

(PO
M
C,

P01189)and
γ-M

SH
(PO

M
C,P01189)form

s;-
form

is
notfound

in
m
am

m
als)and

adrenocorticotrophin
(AC

TH
(PO

M
C,P01189)).Endogenousantagonistsinclude

agouti(A
SIP,P42127)and

agouti-related
protein

(A
G
R
P,O

00253).

N
om

enclature
M
C
1
receptor

M
C
2
receptor

M
C
3
receptor

M
C
4
receptor

M
C
5
receptor

H
G
N
C
,U

niProt
M
C
1
R,Q

01726
M
C
2
R,Q

01718
M
C
3
R,P41968

M
C
4
R,P32245

M
C
5
R,P33032

Rank
orderof

potency
α-M

SH
(PO

M
C,P01189)

β-M
SH

(PO
M
C
,P01189)

AC
TH

(PO
M
C,P01189),

γ-M
SH

(PO
M
C,P01189)

AC
TH

(PO
M
C,P01189)

γ-M
SH

(PO
M
C
,P01189),

β-M
SH

(PO
M
C
,P01189)

AC
TH

(PO
M
C,

P01189),
α
-M

SH
(PO

M
C,P01189)

β-M
SH

(PO
M
C
,P01189)

α-M
SH

(PO
M
C
,P01189),AC

TH
(PO

M
C,P01189)

γ-M
SH

(PO
M
C,P01189)

α-M
SH

(PO
M
C
,P01189)

β-M
SH

(PO
M
C
,P01189)

AC
TH

(PO
M
C
,P01189)

γ-M
SH

(PO
M
C,P01189)

Selective
agonists

–
corticotropin

zinc
hydroxide

[D
-Trp 8

]γ-M
SH

(pIC
5
0
8.2)

[645]
TH

IQ
(pIC

5
0
8.9)

[1690]
–

Antagonists
–

–
PG

-106
(pIC

5
0
6.7)[646]

–
–

Selective
antagonists

–
–

–
M
BP10

(pIC
5
0
10)

[117],H
S014

(p
K
i 8.5)[1667]

–

Labelled
ligands

[ 125
I]N

D
P-M

SH
(Agonist)

(p
K
d
9.5)[ 991]

[ 125
I]AC

TH
-(1-24)

(Agonist)
[ 125

I]N
D
P-M

SH
(Agonist)(p

K
d

9.7)
[991],[ 125

I]SH
U
9119

(Antagonist)[1392]

[ 125I]SH
U
9119

(Antagonist)
(p
K
d
9.2)

[ 1392],
[ 125I]N

D
P-M

SH
(Agonist)

(p
K
d

8.4–8.9)[ 991,1665]

[ 125I]N
D
P-M

SH
(Agonist)

(p
K
d
8.6)

[ 991]

C
o
m

m
e
n
ts:Polym

orphism
s
ofthe

M
C
1
receptorhave

been
linked

to
variations

in
skin

pigm
entation.D

efects
ofthe

M
C
2
receptorunderlie

fam
ilialglucocorticoid

deficiency.Polym
orphism

s
ofthe

M
C
4
receptor

have
been

linked
to

obesity
[282,505].
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Fu
rth

e
r
R
e
a
d
in
g

Beaum
ont

KA
et
a
l.
(2011)

M
elanocortin

M
C
_1

receptor
in

hum
an

genetics
and

m
odelsystem

s.
Eu
r.
J.

Ph
a
rm
a
col.

6
6
0:

103-10
[PM

ID
:21199646]

C
ooray

SN
et
a
l.(2011)

M
elanocortin

receptors
and

theiraccessory
proteins.

M
ol.

C
ell.

En
d
ocrin

ol.
3
3
1:

215-21
[PM

ID
:20654690]

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

H
ollow

ay
PM

et
a
l.

(2011)
Targeting

the
m
elanocortin

receptor
system

for
anti-stroke

therapy.
Tren

d
s

Ph
a
rm
a
col.

Sci.
3
2:90-8

[PM
ID

:21185610]
H
ruby

VJ
et
a
l.(2011)D

esign
ofnovelm

elanocortin
receptorligands:m

ultiple
receptors,com

plex
phar-

m
acology,the

challenge.
Eu
r.
J.
Ph
a
rm
a
col.

6
6
0:

88-93
[PM

ID
:21208601]

Loos
RJ.(2011)

The
genetic

epidem
iology

ofm
elanocortin

4
receptor

variants.
Eu
r.
J.
Ph
a
rm
a
col.

6
6
0:

156-64
[PM

ID
:21295023]

M
eim

aridou
E
et

a
l.

(2013)
AC

TH
resistance:

genes
and

m
echanism

s.
En
d
ocr

D
ev

2
4:

57-66
[PM

ID
:23392095]

Renquist
BJ
et
a
l.
(2011)

Physiologicalroles
ofthe

m
elanocortin

M
C
_3

receptor.
Eu
r.
J.
Ph
a
rm
a
col.

6
6
0:

13-20
[PM

ID
:21211527]

Yang
Y.(2011)

Structure,function
and

regulation
ofthe

m
elanocortin

receptors.
Eu
r.
J.
Ph
a
rm
a
col.

6
6
0:

125-30
[PM

ID
:21208602]

M
e
la
to
n
in

re
ce

p
to
rs

G
protein-coupled

receptors
M
elatonin

receptors

O
v
e
r
v
ie
w
:M

elatonin
receptors(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n
M
e
la

to
n
in

R
e
c
e
p
to

r
s
[4

4
6
])are

activated
by

the
endogenousligandsm

elatonin
and

N
-acetylserotonin.

N
om

enclature
M
T1

receptor
M
T2

receptor

H
G
N
C
,U

niProt
M
T
N
R
1
A,P48039

M
T
N
R
1
B,P49286

Endogenous
agonists

m
elatonin

(p
K
i 9.1–9.7)[67,445,447]

m
elatonin

(p
K
i 9.4–9.8)

[67,445,447]

Agonists
ram

elteon
(p
K
i 10.9)[909],agom

elatine
(p
K
i 10–10.4)[67,132]

agom
elatine

(p
K
i 9.9–10.5)[67,132],ram

elteon
(p
K
i 10)

[909,1565]

Selective
agonists

–
IIK7

(p
K
i 10.3)

[506,1814],5-m
ethoxy-luzindole

(Partialagonist)
(p
K
i 9.6)[447]

Selective
antagonists

–
4P-PD

O
T
(p
K
i 8.8–9.4)[67,447,448],K185

(p
K
i 9.3)

[506,1814],D
H
97

(p
K
i 8)[1865]

Labelled
ligands

[ 125I]SD
6
(Agonist)(p

K
d
10.9)

[1074],2-[ 125I]m
elatonin

(Agonist)
(p
K
d

9.9–10.7)[67,447],[ 3
H
]m

elatonin
(Agonist)

(p
K
d
9.4–9.9)[230]

[ 125
I]SD

6
(Agonist)(p

K
d
10.2)[1074],2-[ 125

I]m
elatonin

(Agonist)
(p
K
d
9.7–10)

[67,447],
[ 125

I]D
IV880

(Agonist,Partialagonist)
(p
K
d
9.7)

[1074],[ 3
H
]m

elatonin
(Agonist)(p

K
d

9–9.6)
[ 230]

C
o
m

m
e
n
ts:

m
elatonin,

2-iodo-m
elatonin,

agom
elatine,

G
R
196429,

LY
156735

and
ram

elteon
[909]

are
nonselective

ago-
nists

for
M
T1

and
M
T2

receptors.(-)-AM
M
TC

displays
an

˜400-fold
greateragonistpotency

than
(+)-AM

M
TC

at
rat

M
T1

receptors
(see

AM
M
TC

for
structure)[1888].

Luzindole
is
an

M
T1

/M
T2

m
elatonin

receptor-selective
com

petitive
antagonist

w
ith

som
e
selectivity

for
the

M
T2

receptor
[448].

M
T1

/M
T2

heterodim
ers

present
different

pharm
acologicalprofiles

from
M
T1

and
M
T2

receptors
[72].

The
M
T
3
binding

site
of

ham
ster

brain
and

peripheraltissues
such

as
kidney

and
testis,also

term
ed

the
M
L2

receptor,binds
selectively

2-iodo-[ 125I]5M
C
A-N

AT
[1302 ].

Pharm
acologicalinvestigations

of

M
T
3

binding
sites

have
prim

arily
been

conducted
in

ham
ster

tis-

sues.
At

this
site,

N
-acetylserotonin

[467,
1149,

1302,
1516]

and
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5M
C
A-N

AT
[1516]

appear
to

function
as

agonists,
w
hile

prazosin
[1149]

functions
as

an
antagonist.

The
M
T
3

binding
site

of
ham

-
sterkidney

w
as

also
identified

as
the

ham
ster

hom
ologue

ofhum
an

quinone
reductase

2
(N
Q
O
2,P16083

[1408,1409]).The
M
T
3
bind-

ing
site

activated
by

5M
C
A-N

AT
in

eye
ciliary

body
is
positively

cou-
pled

to
adenylylcyclase

and
regulateschloride

secretion
[ 802].

X
en
o-

p
u
s
m
elanophoresand

chick
brain

express
a
distinctreceptor(x420,

P49219;c346,P49288,initially
term

ed
M
el1C

)coupled
to

the
G
i/o

fam
ily

ofG
proteins,for

w
hich

G
PR50

has
recently

been
suggested

to
be

a
m
am

m
alian

counterpart[451]although
m
elatonin

does
not

bind
to

G
PR50

receptors.

Fu
rth

e
r
R
e
a
d
in
g

C
ardinaliD

P
et
a
l.(2012)M

elatonin
and

itsanalogsin
insom

nia
and

depression.
J.Pin

ea
lR
es.

5
2:365-75

[PM
ID

:21951153]
D
ardente

H
.(2012)M

elatonin-dependenttim
ing

ofseasonalreproduction
by

the
pars

tuberalis:pivotal
roles

for
long

daylengths
and

thyroid
horm

ones.
J.
N
eu
roen

d
ocrin

ol.
2
4:

249-66
[PM

ID
:22070540]

D
ubocovich

M
L
et
a
l.
(2010)

InternationalU
nion

ofBasic
and

C
linicalPharm

acology.
LX

X
V.N

om
encla-

ture,
classification,

and
pharm

acology
of

G
protein-coupled

m
elatonin

receptors.
Ph
a
rm
a
col.

R
ev.

6
2:

343-80
[PM

ID
:20605968]

H
ickie

IB
et
a
l.

(2011)
N
ovelm

elatonin-based
therapies:

potentialadvances
in

the
treatm

ent
of

m
ajor

depression.
La
n
cet

3
7
8:

621-31
[PM

ID
:21596429]

Korkm
az

A
et
a
l.(2012)G

ene
regulation

by
m
elatonin

linked
to

epigenetic
phenom

ena.
G
en
e
5
0
3:1-11

[PM
ID

:22569208]
Slom

inskiA
et
a
l.
(2008)

M
elatonin

in
the

skin:
synthesis,m

etabolism
and

functions.
Tren

d
s
En
d
ocrin

ol.
M
eta

b
.
1
9:17-24

[PM
ID

:18155917]

M
e
ta
b
o
tro

p
ic

g
lu
ta
m
a
te

re
ce

p
to
rs

G
protein-coupled

receptors
M
etabotropic

glutam
ate

receptors

O
v
e
r
v
ie
w
:
M
etabotropic

glutam
ate

(m
G
lu)

receptors
(n

o
m

e
n
-

c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

M
e
ta

b
o
tr

o
p
ic

G
lu

ta
m

a
te

R
e
c
e
p
to

r
s
[1

6
7
2
])are

activated
by

the
endogenous

ligands
L-glutam

ic
acid,

L-serine-O
-phosphate,

N
-

acetylaspartylglutam
ate

(N
AAG

)
and

L-cysteine
sulphinic

acid.
Ex-

am
ples

of
agonists

selective
for

m
G
lu

receptors
com

pared
w
ith

ionotropic
glutam

ate
receptors

are
(1
S,3

R)-AC
PD

and
L-C

C
G
-I,

w
hich

show
lim

ited
selectivity

forG
roup-IIreceptors.An

exam
ple

of
an

antagonistselective
form

G
lu

receptorsis LY341495,w
hich

blocks
m
G
lu2

and
m
G
lu3

atlow
nanom

olarconcentrations,m
G
lu8

athigh
nanom

olar
concentrations,and

m
G
lu4 ,

m
G
lu5

,
and

m
G
lu7

in
the

m
icrom

olarrange
[955].Three

groups
ofnative

receptorsare
distin-

guishable
on

the
bases

ofsim
ilarities

of
agonist

pharm
acology,

pri-

m
ary

sequence
and

G
protein

coupling
to

effector:G
roup-I(m

G
lu1

and
m
G
lu5 ),

G
roup-II(m

G
lu2

and
m
G
lu3

)
and

G
roup-III(m

G
lu4

,
m
G
lu6

,
m
G
lu7

and
m
G
lu8 )

(see
Further

reading).
G
roup-I

m
G
lu

receptors
m
ay

be
activated

by
3,5-D

H
PG

and
(S)-3H

PG
[198]

and
antagonized

by
(S)-hexylhom

oibotenic
acid

[1171].
G
roup-IIm

G
lu

receptors
m
ay

be
activated

by
LY389795

[1311],LY379268
[1311],

eglum
egad

[1673,2050],D
C
G
-IV

and
(2
R,3

R)-APD
C
[1674],and

an-
tagonised

by
eG

lu
(4.3,[848]and

LY307452
[491,2009].

G
roup-III

m
G
lu

receptors
m
ay

be
activated

by
L-AP4

and
(R
,S)-4-PPG

[579].
In

addition
to

orthosteric
ligands

that
directly

interact
w
ith

the
glu-

tam
ate

recognition
site

directly,allosteric
m
odulators

have
been

de-
scribed.

N
egative

allosteric
m
odulators

are
listed

separately.
The

positive
allosteric

m
odulators

m
ost

often
act

as
‘potentiators’of

an

orthosteric
agonist

response,w
ithout

significantly
activating

the
re-

ceptorin
the

absence
ofagonist.

Although
m
G
lu

receptors
have

been
thought

to
only

form
hom

od-
im

ers,recentstudiesrevealed
the

possible
form

ation
ofheterodim

ers
betw

een
either

group-I
receptors,

or
w
ithin

and
betw

een
group-

II
and

-III
receptors

[ 441].
Although

w
ell

characterized
in

trans-
fected

cells,co-localization
and

specific
pharm

acologicalproperties
also

suggest
the

existence
ofsuch

heterodim
ers

in
the

brain
[ 2094].

The
structure

ofthe
7
transm

em
brane

(TM
)dom

ainsofboth
m
G
lu1

and
m
G
lu5

have
been

solved,
and

confirm
a
generalhelicalorga-

nization
sim

ilar
to

that
ofotherG

PC
Rs,although

the
helices

appear
m
ore

com
pacted

[438,2048].
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N
om

enclature
m
G
lu1

receptor
m
G
lu2

receptor
m
G
lu3

receptor
m
G
lu4

receptor

H
G
N
C
,U

niProt
G
R
M
1,Q

13255
G
R
M
2,Q

14416
G
R
M
3,Q

14832
G
R
M
4,Q

14833

Endogenous
agonists

–
–

N
AAG

(Selective)(p
K
i 4.7)

[ 1679]
–

Agonists
–

–
–

L-AP4
(pEC

5
0
6.5)

[2050],
L-serine-O

-phosphate
(pEC

5
0
5.9)

[2050]

Selective
agonists

–
–

–
LSP4-2022

(pEC
5
0
7)

[631]

Antagonists
LY367385

(pIC
5
0
5.1)

[349]
–

–
M
AP4

(p
K
i 4.6)

[686]–
Rat

Selective
antagonists

3-M
ATID

A
(pIC

5
0
5.2)

[1333]–
Rat,

(S)-(+)-C
BPG

(pIC
5
0
4.2)

[1200]–
Rat,

(S)-TBPG
(pIC

5
0
4.2)[367]–

Rat,
AID

A
(p
A
2
4.2)

[1334]

PC
C
G
-4

(pIC
5
0
5.1)

[1483]–
Rat

–
–

Allosteric
m
odulators

YM
298198

(N
egative)(pIC

5
0
7.8)

[979]–
Rat

C
BiPES

(Positive)(pEC
5
0
7)[874],

4-M
PPTS

(Positive)(pIC
5
0
5.8)[94,

873,874,1660]

–
SIB-1893

(Positive)(pEC
5
0
6.3–6.8)

[1217],M
PEP

(Positive)(pEC
5
0

6.3–6.6)[1217],PH
C
C
C
(Positive)

(pEC
5
0
4.5)[1184]

Selective
allosteric

m
odulators

BAY
367620

(N
egative)(p

K
i 9.5)

[ 267]–
Rat,JN

J16259685
(N

egative)
(pIC

5
0
8.9)

[1047],A-841720
(N

egative)(pIC
5
0
8)

[2126],
Ro67-7476

(Positive)(p
K
i 7.5–7.9)

[ 971]–
Rat,3,5-dim

ethylPPP
(N

egative)(pIC
5
0
7.8)[1271]–

Rat,
EM

-TBPC
(N

egative)(p
K
i 7.8)

[1191]
–
Rat,Ro01-6128

(Positive)(p
K
i

7.5–7.7)[971]–
Rat,LY456236

(N
egative)(pIC

5
0
6.9)[1094],

C
PC

C
O
Et(N

egative)(pIC
5
0
5.2–5.8)

[ 1116],Ro67-4853
(Positive)(p

K
i 5.1)

[971]–
Rat,PH

C
C
C
(Positive)

Ro64-5229
(N

egative)(pIC
5
0
7)

[985]
–
Rat, biphenylindanone

A
(Positive)

(pEC
5
0
7)

[183]

–
VU

0361737
(Positive)(pEC

5
0
6.6)

[ 480],VU
0155041

(Positive)(pEC
5
0

6.1)
[1402]

C
om

m
ents

–
–

–
pEC

50
values

for
M
PEP

and
SIB-1893

w
ere

obtained
in

the
presence

of
L-AP4

[1217].
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N
om

enclature
m
G
lu5

receptor
m
G
lu6

receptor
m
G
lu7

receptor
m
G
lu8

receptor

H
G
N
C
,U

niProt
G
R
M
5,P41594

G
R
M
6,O

15303
G
R
M
7,Q

14831
G
R
M
8,O

00222

Endogenous
agonists

–
–

–
L-serine-O

-phosphate
(pIC

5
0
6.2–7.2)

[ 1192,2050]

Agonists
–

–
LSP4-2022

(pEC
5
0
4.9)

[631],
L-serine-O

-phosphate
(pEC

5
0
4.5)

[2050],L-AP4
(pEC

5
0
3.8)

[2050]

(S)-3,4-D
C
PG

(pEC
5
0
7.5)[1876],

L-AP4
(pIC

5
0
7–7.2)[1192]

Selective
agonists

(S)-(+)-C
BPG

(Partialagonist)(pEC
5
0

4.3)
[1200]–

Rat,C
H
PG

(pIC
5
0
3.4)

[1350]

1-benzyl-APD
C
(pEC

5
0
4.7)

[1911]–
Rat,hom

o-AM
PA

(pEC
5
0
4.1)

[237]
–

–

Antagonists
–

M
AP4

(pIC
5
0
3.5)

[1504]–
Rat,TH

PG
[1879]–

U
nknow

n
–

M
PPG

(pIC
5
0
4.3)

[2050]

Selective
antagonists

AC
D
PP

(pIC
5
0
6.9)[182]

–
–

–

Allosteric
m
odulators

3,3’-difluorobenzaldazine
(Positive)

(pIC
5
0
5.6–8.5)[1415,1416],

allosw
itch-1

(N
egative)(pIC

5
0
8.1)

[1511]–
Rat,C

D
PPB

(Positive)(pEC
5
0

7.6–8)
[956,1114],M

TEP
(N

egative)
(p
K
i 7.8)

[223],M
PEP

(N
egative)

(pIC
5
0
7.4–7.7)[578,580],fenobam

(N
egative)(pIC

5
0
7.2)

[1519],
SIB-1893

(N
egative)(pIC

5
0
5.9–6.5)

[578,1949],SIB-1757
(N

egative)
(pIC

5
0
6–6.4)[578,1949],C

PPH
A

(Positive)(pIC
5
0
6.3)

[1416]

–
M
M
PIP

(N
egative)(pIC

5
0
6.1–7.6)

[1401,1827]–
Rat,AM

N
082

(Positive)(pEC
5
0
6.5–6.8)

[1293],
X
AP044

(N
egative)(pIC

5
0
5.6)[587]

–

Selective
allosteric

m
odulators

VU
-1545

(Positive)(pEC
5
0
8)

[2142]
–

–
–

C
o
m

m
e
n
ts:The

activity
ofN

AAG
asan

agonistatm
G
lu3

receptors
w
as

questioned
on

the
basis

ofcontam
ination

w
ith

glutam
ate

[327,
547],butthis

has
been

refuted
[1369].

Radioligand
binding

using
a

variety
of

radioligands
has

been
conducted

on
recom

binant
receptors

(for
exam

ple,
[ 3
H
]R214127

[1046]
and

[ 3
H
]YM

298198
[979]

at
m
G
lu1

receptors
and

[ 3
H
]M

-M
PEP

[578]
and

[ 3H
]m

ethoxym
ethyl-M

TEP
[47]

at
m
G
lu5

receptors.Although
a
num

berofradioligandshave
been

used
to

ex-
am

ine
binding

in
native

tissues,correlation
w
ith

individualsubtypes
is
lim

ited.
M
any

pharm
acologicalagents

have
not

been
fully

tested

across
allknow

n
subtypes

of
m
G
lu

receptors.
Potentialdifferences

linked
to

the
species

(e.g
.
hum

an
versu

s
rat

or
m
ouse)

ofthe
recep-

tors
and

the
receptor

splice
variants

are
generally

not
know

n.
The

influence
of

receptor
expression

levelon
pharm

acology
and

selec-
tivity

has
not

been
controlled

for
in

m
ost

studies,particularly
those

involving
functionalassays

ofreceptorcoupling.

(S)-(+)-C
BPG

is
an

antagonist
at

m
G
lu1 ,

but
is

an
agonist

(albeit
of

reduced
efficacy)

at
m
G
lu5

receptors.
D
C
G
-IV

also
exhibits

ag-
onist

activity
at

N
M
D
A

glutam
ate

receptors
[ 1931],

and
is

an
an-

tagonist
at

all
group-III

m
G
luRs

w
ith

an
IC
50

of
30

M
.
A

poten-
tial

novel
m
etabotropic

glutam
ate

receptor
coupled

to
phospho-

inositide
turnover

has
been

observed
in

rat
brain;

it
is
activated

by
4-m

ethylhom
oibotenic

acid
(ineffective

as
an

agonist
at

recom
bi-

nant
G
roup

I
m
etabotropic

glutam
ate

receptors),
but

resistant
to

LY341495
[341].

There
are

also
reports

of
a
distinct

m
etabotropic

glutam
ate

receptor
coupled

to
phospholipase

D
in

rat
brain,w

hich
does

notreadily
fit

into
the

currentclassification
[964,1482]

A
related

class
C

receptor
com

posed
oftw

o
distinct

subunits,T1R1
+
T1R3

is
also

activated
by

glutam
ate

and
is
responsible

for
um

am
i

taste
detection.

All
selective

antagonists
at

m
etabotropic

glutam
ate

receptors
are

com
petitive.
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Fu
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e
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R
e
a
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g

C
onn

PJ
et
a
l.

(1997)
Pharm

acology
and

functions
of

m
etabotropic

glutam
ate

receptors.
A
n
n
u
.
R
ev.

Ph
a
rm
a
col.

Toxicol.
3
7:

205-237
[PM

ID
:9131252]

Ferraguti
F
et

a
l.

(2006)
M
etabotropic

glutam
ate

receptors.
C
ell

T
issu

e
R
es.

3
2
6:

483-504
[PM

ID
:16847639]

N
icolettiF

et
a
l.

(2011)
M
etabotropic

glutam
ate

receptors:
from

the
w
orkbench

to
the

bedside.
N
eu
-

rop
h
a
rm
a
colog

y
6
0:

1017-41
[PM

ID
:21036182]

N
isw

enderC
M
et
a
l.(2010)M

etabotropic
glutam

ate
receptors:physiology,pharm

acology,and
disease.

A
n
n
u
.
R
ev.

Ph
a
rm
a
col.

Toxicol.
5
0:

295-322
[PM

ID
:20055706]

Rondard
P
et
a
l.

(2011)
The

com
plexity

of
their

activation
m
echanism

opens
new

possibilities
for

the
m
odulation

ofm
G
lu

and
G
ABAB

class
C
G
protein-coupled

receptors.
N
eu
rop

h
a
rm
a
colog

y
6
0:82-92

[PM
ID

:20713070]

M
o
tilin

re
ce

p
to
r

G
protein-coupled

receptors
M
otilin

receptor

O
v
e
r
v
ie
w
:
M
otilin

receptors
(p

r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e)

are
activated

by
a
22

am
ino-acid

peptide
derived

from
a
precursor

(M
LN

,
P12872),

w
hich

m
ay

also
generate

a
m
otilin-associated

peptide
(M
LN

,
P12872).

These
receptors

are
also

suggested
to

be
responsible

for
the

gastrointestinalprokinetic
effects

of
certain

m
acrolide

antibiotics
(often

called
m
otilides;

e.g
.
erythrom

ycin),
although

for
m
any

of
these

m
olecules

the
evidence

is
sparse.

N
om

enclature
m
otilin

receptor

H
G
N
C
,U

niProt
M
LN
R,O

43193

Endogenous
agonists

m
otilin

(M
LN

,P12872)
(p
K
i 8.4–8.7)

[372,1223,1224,1225]

Agonists
alem

cinal(pIC
5
0
7.2)

[1872],erythrom
ycin-A

(pIC
5
0
5.5–6.5)

[507,1872],azithrom
ycin

(pEC
5
0
5.5)

[220]

Selective
agonists

cam
icinal(pEC

5
0
7.9)[99,1639],m

item
cinal(pEC

5
0
7.5–7.8)

[977,1845]–
Rabbit

Selective
antagonists

M
A-2029

(p
A
2
9.2)

[1811],G
M
-109

(pIC
5
0
8)

[701]–
Pig

Labelled
ligands

[ 125I]m
otilin

(hum
an)(Agonist)(p

K
d
10)

[507]

C
o
m

m
e
n
ts:

In
laboratory

rodents,the
gene

encoding
the

m
otilin

percursor
appears

to
be

absent,w
hile

the
receptor

appears
to

be
a

pseudogene
[ 725,

1637].
Functions

of
m
otilin

(M
LN

,
P12872)

are
notusually

detected
in

rodents,although
brain

and
otherresponses

to
m
otilin

and
the

m
acrolide

alem
cinalhave

been
reported

and
the

m
echanism

ofthese
actions

are
obscure

[ 1249,1396].
M
arked

dif-

ferences
in

ligand
affinities

for
the

m
otilin

receptor
in

dogs
and

hu-
m
ans

m
ay

be
explained

by
significant

differences
in

receptor
struc-

ture
[1638].

N
ote

that
for

the
com

plex
m
acrolide

structures,selec-
tivity

of
action

has
often

not
been

rigorously
exam

ined
and

other
actions

are
possible

(e.g
.
P2X

inhibition
by

erythrom
ycin;

[2123]).
Sm

allm
olecule

m
otilin

receptor
agonists

are
now

described
[ 1093,

1639,2013].
The

m
otilin

receptor
does

not
appear

to
have

consti-
tutive

activity
[774].

Although
not

proven,
the

existence
of

biased
agonism

at
the

receptorhas
been

suggested
[ 1225,1292,1636].

A
truncated

5-transm
em

brane
structure

has
been

identified
butthis

is
w
ithoutactivity

w
hen

transfected
into

a
hostcell[507].
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Fu
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e
r
R
e
a
d
in
g

D
e
Sm

et
B
et
a
l.
(2009)

M
otilin

and
ghrelin

as
prokinetic

drug
targets.

Ph
a
rm
a
col.

T
h
er.

1
2
3:

207-23
[PM

ID
:19427331]

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

SangerG
J
et
a
l.(2012)M

otilin:Tow
ard

a
new

understanding
ofthe

gastrointestinalneuropharm
acology

and
therapeutic

use
ofm

otilin
receptoragonists.

Br.
J.
Ph
a
rm
a
col.[PM

ID
:23189978]

Takeshita
E
et
a
l.

(2006)
M
olecular

characterization
and

distribution
of

m
otilin

fam
ily

receptors
in

the
hum

an
gastrointestinaltract.

J
G
a
stroen

terol4
1:

223-230
[PM

ID
:16699856]

N
e
u
ro

m
e
d
in

U
re
ce

p
to
rs

G
protein-coupled

receptors
N
eurom

edin
U
receptors

O
v
e
r
v
ie
w
:

N
eurom

edin
U

receptors
(p

r
o
v
isio

n
a
l

n
o
m

e
n
-

c
la

tu
r
e

a
s
r
e
c
o
m

m
e
n
d
e
d

b
y

N
C
-IU

P
H
A
R

[5
3
0
])

are
acti-

vated
by

the
endogenous

25
am

ino
acid

peptide
neurom

edin
U

(neurom
edin

U
-25

(N
M
U
,
P48645),

N
m
U
-25),

a
peptide

originally
isolated

from
pig

spinalcord
[1287].

In
hum

ans,
N
m
U
-25

appears
to

be
the

sole
productofa

precursorgene
(N
M
U
,P48645)

show
ing

a
broad

tissue
distribution,

but
w
hich

is
expressed

at
highest

lev-

els
in

the
upper

gastrointestinaltract,C
N
S,bone

m
arrow

and
fetal

liver.
M
uch

shorterversions
ofN

m
U
are

found
in

som
e
species,but

not
in

hum
an,

and
are

derived
at

least
in

som
e
instances

from
the

proteolytic
cleavage

ofthe
longer

N
m
U
.D

espite
species

differences
in

N
m
U
structure,the

C
-term

inalregion
(particularly

the
C
-term

inal
pentapeptide)

is
highly

conserved
and

contains
biological

activity.
N
eurom

edin
S
(neurom

edin
S-33

(N
M
S,

Q
5H

8A3))
has

also
been

identified
as

an
endogenous

agonist[ 1326].N
m
S-33

is,as
its

nam
e

suggests,
a
33

am
ino-acid

product
of

a
precursor

protein
derived

from
a
single

gene
and

contains
an

am
idated

C
-term

inalheptapep-
tide

identicalto
N
m
U
.N

m
S-33

appears
to

activate
N
M
U

receptors
w
ith

equivalentpotency
to

N
m
U
-25.

N
om

enclature
N
M
U
1
receptor

N
M
U
2
receptor

H
G
N
C
,U

niProt
N
M
U
R
1,Q

9H
B89

N
M
U
R
2,Q

9G
ZQ

4

Antagonists
–

R-PSO
P
(p
K
B
7)

[1128]

C
o
m

m
e
n
ts:

N
M
U
1
and

N
M
U
2
couple

predom
inantly

to
G
q/11

although
there

is
evidence

ofgood
coupling

to
G
i/o

[213,786,794].
N
M
U
1
and

N
M
U
2
can

be
labelled

w
ith

[ 125
I]-N

m
U
and

[ 125
I]-N

m
S
(of

variousspecies,
e.g

.[1259]),BO
D
IPY

R
TM

R-N
M
U
orC

y3B-N
M
U
-8

[213].A
range

ofradiolabelled
( 125

I-),fluorescently
labelled

(e.g
.C

y3,C
y5,rhodam

ine
and

FAM
)and

biotin
labelled

versionsofneurom
edin

U
-25

(N
M
U
,P48645)

and
neurom

edin
S-33

(N
M
S,Q

5H
8A3)

are
now

com
m
ercially

available.

Fu
rth

e
r
R
e
a
d
in
g

Brighton
PJ
et
a
l.

(2004)
N
eurom

edin
U

and
its

receptors:
structure,function,and

physiologicalroles.
Ph
a
rm
a
col.

R
ev.

5
6:231-48

[PM
ID

:15169928]
Budhiraja

S
et
a
l.
(2009)

N
eurom

edin
U
:physiology,pharm

acology
and

therapeutic
potential.

Fu
n
d
a
m

C
lin

Ph
a
rm
a
col2

3:
149-57

[PM
ID

:19645813]
Foord

SM
et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

M
itchellJD

et
a
l.
(2009)

Em
erging

pharm
acology

and
physiology

ofneurom
edin

U
and

the
structurally

related
peptide

neurom
edin

S.
Br.

J.
Ph
a
rm
a
col.

1
5
8:

87-103
[PM

ID
:19519756]

N
ovak

C
M
.(2009)N

eurom
edin

S
and

U
.
En
d
ocrin

olog
y
1
5
0:

2985-7
[PM

ID
:19549882]
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N
e
u
ro

p
e
p
tid

e
FF/n

e
u
ro

p
e
p
tid

e
A
F
re
ce

p
to
rs

G
protein-coupled

receptors
N
europeptide

FF/neuropeptide
AF

receptors

O
v
e
r
v
ie
w
:The

N
europeptide

FF
receptorfam

ily
contains

tw
o
subtypes,N

PFF1
and

N
PFF2

(p
r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
[5

3
0
]),w

hich
exhibithigh

affinities
forneuropeptide

FF
(N
PFF,O

15130)and
RFam

ide
related

peptides
(RFRP:precursorgene

sym
bolN

PVF,Q
9H

C
Q
7).N

PFF1
isbroadly

distributed
in

the
centralnervoussystem

w
ith

the
highestlevelsfound

in
the

lim
bic

system
and

the
hypothalam

us.N
PFF2

ispresent
in

high
density

in
the

superficiallayers
ofthe

m
am

m
alian

spinalcord
w
here

itis
involved

in
nociception

and
m
odulation

ofopioid
functions.

N
om

enclature
N
PFF1

receptor
N
PFF2

receptor

H
G
N
C
,U

niProt
N
PFFR

1,Q
9G

ZQ
6

N
PFFR

2,Q
9Y5X

5

Rank
orderofpotency

RFRP-1
(N
PV
F,Q

9H
C
Q
7)

RFRP-3
(N
PV
F,Q

9H
C
Q
7)

FM
RFneuropeptide

FF
(N
PFF,O

15130)
neuropeptide

AF
(N
PFF,O

15130)
neuropeptide

SF
(N
PFF,O

15130),Q
RFP43

(Q
R
FP,P83859),PrRP-31

(PR
LH

,
P81277)

[628]

neuropeptide
AF

(N
PFF,O

15130),neuropeptide
FF

(N
PFF,O

15130)
PrRP-31

(PR
LH

,P81277)
FM

RF,Q
RFP43

(Q
R
FP,P83859)

neuropeptide
SF

(N
PFF,O

15130)[628]

Endogenous
agonists

neuropeptide
FF

(N
PFF,O

15130)
(Selective)(p

K
i 8.5–9.9)[628,629,1306],

RFRP-3
(N
PV
F,Q

9H
C
Q
7)

(Selective)(p
K
i 9.2–9.3)

[629,630,1306]
neuropeptide

FF
(N
PFF,O

15130)
(Selective)(p

K
i 9.7)

[629,1305]

Selective
agonists

–
dN

PA
(p
K
i 10.6)

[1607],AC
263093

(pEC
5
0
5.2–5.9)[1036]

Antagonists
RF9

(p
K
i 7.2)[1745]

–

Selective
antagonists

AC
262620

(p
K
i 7.7–8.1)

[1036],AC
262970

(p
K
i 7.4–8.1)[1036]

–

Labelled
ligands

[ 125
I]Y-RFRP-3

(Agonist)(p
K
d
9.7)[629],[ 3

H
]N

PVF
(Agonist)

(p
K
d
8.6)

[1855],[ 125
I]N

PFF
(Agonist)[628]

[ 125
I]EYF

(Agonist)(p
K
d
10.2)[1306],[ 3

H
]EYF

(Agonist)(p
K
d
9.3)[1855],

[ 125
I]N

PFF
(Agonist)

[628]

C
o
m

m
e
n
ts:An

orphan
receptor

G
PR
8
3
(Q

9N
YM

4)show
s
sequence

sim
ilarities

w
ith

N
PFF1,N

PFF2,PrRP
and

Q
RFP

receptors.The
antagonistRF9

is
selective

for
N
PFF

receptors,butdoes
notdistinguish

betw
een

the
N
PFF1

and
N
PFF2

subtypes
(p
Ki 7.1

and
7.2,respectively,[ 1745]).

Fu
rth

e
r
R
e
a
d
in
g

M
oulédous

L
et
a
l.
(2010)

O
pioid-m

odulating
properties

ofthe
neuropeptide

FF
system

.
Biofa

ctors
3
6:

423-9
[PM

ID
:20803521]

Vyas
N
et
a
l.

(2006)
Structure-activity

relationships
of

neuropeptide
FF

and
related

peptidic
and

non-
peptidic

derivatives.
Pep

tid
es

2
7:990-6

[PM
ID

:16490282]

Yang
H
Y
et
a
l.
(2008)

M
odulatory

role
of

neuropeptide
FF

system
in

nociception
and

opiate
analgesia.

N
eu
rop

ep
tid
es

4
2:

1-18
[PM

ID
:17854890]
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N
e
u
ro

p
e
p
tid

e
S
re
ce

p
to
r

G
protein-coupled

receptors
N
europeptide

S
receptor

O
v
e
r
v
ie
w
:The

neuropeptide
S
receptor(N

PS,
p
r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
[5

3
0
])

responds
to

the
20

am
ino-acid

peptide
neuropeptide

S
derived

from
the

precursor(N
PS,P0C

0P6).

N
om

enclature
N
PS

receptor

H
G
N
C
,U

niProt
N
PSR

1,Q
6W

5P4

Endogenous
agonists

neuropeptide
S
(N
PS,P0C

0P6)
(pEC

5
0
8)

[2070]

Labelled
ligands

[ 125
I]Tyr 10N

PS
(hum

an)(Agonist)(p
K
d
9.5)

[2070]

C
o
m

m
e
n
ts:Polym

orphism
s
in

the
N
PS

receptorhave
been

suggested
to

be
associated

w
ith

asthm
a
[1953]and

irritable
bow

elsyndrom
e
[386].

Fu
rth

e
r
R
e
a
d
in
g

C
annella

N
et
a
l.(2013)The

role
ofthe

neuropeptide
S
system

in
addiction:focus

on
its

interaction
w
ith

the
C
RF

and
hypocretin/orexin

neurotransm
ission.

Prog
.
N
eu
rob

iol.
1
0
0:

48-59
[PM

ID
:23041581]

D
alBen

D
et
a
l.
(2011)

N
europeptide

S
receptor:

recent
updates

on
nonpeptide

antagonist
discovery.

C
h
em

M
ed
C
h
em

6:1163-71
[PM

ID
:21452188]

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

G
uerriniR

et
a
l.(2010)N

eurobiology,pharm
acology,and

m
edicinalchem

istry
ofneuropeptide

S
and

its
receptor.

M
ed

R
es
R
ev

3
0:

751-77
[PM

ID
:19824051]

Pape
H
C
et
a
l.

(2010)
N
europeptide

S:
a
transm

itter
system

in
the

brain
regulating

fear
and

anxiety.
N
eu
rop

h
a
rm
a
colog

y
5
8:

29-34
[PM

ID
:19523478]

Reinscheid
RK.

(2008)
N
europeptide

S:
anatom

y,
pharm

acology,
genetics

and
physiologicalfunctions.

R
esu

lts
Prob

l
C
ellD

iffer
4
6:

145-58
[PM

ID
:18204825]

N
e
u
ro

p
e
p
tid

e
W
/n

e
u
ro

p
e
p
tid

e
B
re
ce

p
to
rs

G
protein-coupled

receptors
N
europeptide

W
/neuropeptide

B
receptors

O
v
e
r
v
ie
w
:

The
neuropeptide

BW
receptor

1
(N

PBW
1,

p
r
o
-

v
isio

n
a
l

n
o
m

e
n
c
la

tu
r
e

[ 5
3
0
])

is
activated

by
tw

o
23-

am
ino-acid

peptides,
neuropeptide

W
(neuropeptide

W
-23

(N
PW

,
Q
8N

729))and
neuropeptide

B
(neuropeptide

B-23
(N
PB,Q

8N
G
41))

[ 554,
1725].

C
-term

inally
extended

form
s

of
the

peptides
(neuropeptide

W
-30

(N
PW

,Q
8N

729)
and

neuropeptide
B-29

(N
PB,

Q
8N

G
41))

also
activate

N
PBW

1
[211].

U
nique

to
both

form
s
of

neuropeptide
B

is
the

N
-term

inal
brom

ination
of

the
first

trypto-
phan

residue,and
it
is
from

this
post-translationalm

odification
that

the
nom

enclature
N
PB

is
derived.

These
peptides

w
ere

first
iden-

tified
from

bovine
hypothalam

us
and

therefore
are

classed
as

neu-
ropeptides.

Endogenous
variants

of
the

peptides
w
ithout

the
N
-

term
inal

brom
ination,

des-Br-neuropeptide
B-23

(N
PB,

Q
8N

G
41)

and
des-Br-neuropeptide

B-29
(N
PB,

Q
8N

G
41),

w
ere

not
found

to
be

m
ajor

com
ponents

of
bovine

hypothalam
ic

tissue
extracts.

The
N
PBW

2
receptor

is
activated

by
the

short
and

C
-term

inalextended
form

s
ofneuropeptide

W
and

neuropeptide
B
[ 211].
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N
om

enclature
N
PBW

1
receptor

N
PBW

2
receptor

H
G
N
C
,U

niProt
N
PBW

R
1,P48145

N
PBW

R
2,P48146

Rank
orderofpotency

neuropeptide
B-29

(N
PB,Q

8N
G
41)

neuropeptide
B-23

(N
PB,Q

8N
G
41)

neuropeptide
W
-23

(N
PW

,Q
8N

729)
neuropeptide

W
-30

(N
PW

,Q
8N

729)[211]
neuropeptide

W
-23

(N
PW

,Q
8N

729)
neuropeptide

W
-30

(N
PW

,Q
8N

729)
neuropeptide

B-29
(N
PB,Q

8N
G
41)

neuropeptide
B-23

(N
PB,Q

8N
G
41)

[211]

Selective
agonists

Ava3
(p
K
i 9.4–9.4)[902],Ava5

(p
K
i 8.8–9)

[902]
–

Labelled
ligands

[ 125I]N
PW

-23
(hum

an)(Agonist)(p
K
d
9.4)[1747]

[ 125
I]N

PW
-23

(hum
an)(Agonist)

(p
K
d
7.7)

[1725]

C
o
m

m
e
n
ts:Potency

m
easurem

ents
w
ere

conducted
w
ith

heterologously-expressed
receptors

w
ith

a
range

of0.14-0.57
nM

(N
PBW

1)and
0.98-21

nM
(N

PBW
2).

N
PBW

1 -/-
m
ice

show
changes

in
socialbehavior,suggesting

thatthe
N
PBW

1
pathw

ay
m
ay

have
an

im
portantrole

in
the

em
otionalresponses

ofsocialinteraction
[ 1355].

Fu
rth

e
r
R
e
a
d
in
g

D
ate

Y
et
a
l.

(2010)
N
europeptide

W
:
an

anorectic
peptide

regulated
by

leptin
and

m
etabolic

state.
En
d
ocrin

olog
y
1
5
1:

2200-10
[PM

ID
:20189998]

H
ondo

M
et
a
l.(2008)The

N
PB/N

PW
neuropeptide

system
and

itsrole
in

regulating
energy

hom
eostasis,

pain,and
em

otion.
R
esu

lts
Prob

lC
ellD

iffer
4
6:239-56

[PM
ID

:18204824]

SakuraiT.(2013)
N
PBW

R1
and

N
PBW

R2:
Im

plications
in

Energy
H
om

eostasis,Pain,and
Em

otion.
Fron

t
En
d
ocrin

ol(La
u
sa
n
n
e)

4:23
[PM

ID
:23515889]

Singh
G
et
a
l.
(2006)

N
europeptide

B
and

W
:neurotransm

itters
in

an
em

erging
G
-protein-coupled

re-
ceptorsystem

.
Br.

J.
Ph
a
rm
a
col.

1
4
8:

1033-41
[PM

ID
:16847439]

N
e
u
ro

p
e
p
tid

e
Y
re
ce

p
to
rs

G
protein-coupled

receptors
N
europeptide

Y
receptors

O
v
e
r
v
ie
w
:
N
europeptide

Y
(N

PY)
receptors

(n
o
m

e
n
c
la

tu
r
e
a
s

a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

N
e
u
r
o
p
e
p
-

tid
e

Y
R
e
c
e
p
to

r
s

[ 1
2
7
0
])

are
activated

by
the

endogenous
peptides

neuropeptide
Y

(N
PY,

P01303),
neuropeptide

Y-(3-36),
peptide

YY
(PYY,

P10082),
PYY-(3-36)

and
pancreatic

polypeptide
(PPY,

P01298)
(PP).

The
receptor

originally
identified

as
the

Y3
re-

ceptor
has

been
identified

as
the

C
X
C
R4

chem
okine

recepter
(orig-

inally
nam

ed
LESTR,

[1135]).
The

y6
receptor

is
a

functional
gene

product
in

m
ouse,

absent
in

rat,
but

contains
a
fram

e-shift
m
utation

in
prim

ates
producing

a
truncated

non-functional
gene

[642].
M
any

of
the

agonists
exhibit

differing
degrees

of
selectiv-

ity
dependent

on
the

species
exam

ined.
For

exam
ple,

the
po-

tency
of

PP
is

greater
at

the
rat

Y4
receptor

than
at

the
hu-

m
an

receptor
[ 485].

In
addition,

m
any

agonists
lack

selectiv-

ity
for

individual
subtypes,

but
can

exhibit
com

parable
potency

against
pairs

of
N
PY

receptor
subtypes,

or
have

not
been

exam
-

ined
for

activity
at

all
subtypes.

[ 125
I]-PYY

or
[ 125

I]-N
PY

can
be

used
to

label
Y1

,
Y2 ,

Y5
and

y6
subtypes

non-selectively,
w
hile

[ 125
I][cPP(1-7),N

PY(19-23),Ala 31
,Aib 32

,G
ln 34

]hPP
m
ay

be
used

to
labelY5

receptors
preferentially

(note
that

cPP
denotes

chicken
peptide

sequence
and

hPP
is
the

hum
an

sequence).
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N
om

enclature
Y1

receptor
Y2

receptor
Y4

receptor
Y5

receptor
y6

receptor

H
G
N
C
,U

niProt
N
PY1

R,P25929
N
PY2

R,P49146
N
PY4

R,P50391
N
PY5

R,Q
15761

N
PY6

R,Q
99463

Rank
orderof

potency
neuropeptide

Y
peptide

YY
pancreatic

polypeptide
neuropeptide

Y
peptide

YY
pancreatic

polypeptide
pancreatic

polypeptide
neuropeptide

Y
=
peptide

YY
neuropeptide

Y
peptide

YY
pancreatic

polypeptide
neuropeptide

Y
=
peptide

YY
pancreatic

polypeptide

Endogenous
agonists

neuropeptide
Y
(N
PY,

P01303),peptide
YY

(PYY,
P10082)

PYY-(3-36)(PYY,P10082)
(p
K
i 9.2–9.7)[ 588,599],

neuropeptide
Y
(N
PY,

P01303),
neuropeptide

Y-(3-36)(N
PY,

P01303),peptide
YY

(PYY,
P10082)

pancreatic
polypeptide

(PPY,
P01298)

(p
K
i 8.7–10.9)

[92,
1152,1899,2076]

–
–

Selective
agonists

[Leu 31,Pro 34]N
PY

(pEC
5
0

7.1)[378],
[Leu 31,Pro 34]PYY

(hum
an),

[Pro 34]N
PY,

[Pro 34]PYY
(hum

an)

–
–

[Ala 31
,Aib 32

]N
PY

(pig)
(pIC

5
0
8.2)

[254]
–

Selective
antagonists

BIBO
3304

(pIC
5
0
9.5)

[2020],BIBP3226
(p
K
i

8.1–9.3)[436,2021]

BIIE0246
(pIC

5
0
8.5)

[434],
JN

J-5207787
(pIC

5
0
6.9–7.1)

[178]

–
L-152,804

(p
K
i 7.6)[901]

–

Labelled
ligands

[ 3
H
]BIBP3226

(Antagonist)
(p
K
d
8.7),

[ 125I][Leu 31,Pro 34]N
PY

(Agonist)

[ 125I]PYY-(3-36)(hum
an)

(Agonist)
[ 125I]PP

(hum
an)(Agonist)

[ 125I][cPP(1-7),N
PY(19-23),

Ala 31
,Aib 32

,G
ln 34

]hPP
(Agonist)(p

K
d
9.2–9.3)

[453]–
Rat

–

C
om

m
ents

N
ote

thatPro 34-containing
N
PY

and
PYY

can
also

bind
Y4

and
Y5

receptors,so
strictly

speaking
are

not
selective,butare

the
’preferred’agonists.

–
–

–
The

y6
receptoris

a
pseudogene

in
hum

ans,but
is
functionalin

m
ouse,rabbit

and
som

e
otherm

am
m
als.

C
o
m

m
e
n
ts:The

Y1
agonists

indicated
are

selective
relative

to
Y2

receptors.BIBP3226
is
selective

relative
to

Y2
,Y4

and
Y5

receptors
[598].N

PY-(13-36)is
Y2

selective
relative

to
Y1

and
Y5

receptors.PYY-(3-36)
is
Y2

selective
relative

to
Y1

receptors.
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Fu
rth

e
r
R
e
a
d
in
g

Bow
ers

M
E
et
a
l.

(2012)
N
europeptide

regulation
of

fear
and

anxiety:
Im

plications
of

cholecystokinin,
endogenous

opioids,and
neuropeptide

Y.
Ph
ysiol.

Beh
a
v.
1
0
7:

699-710
[PM

ID
:22429904]

D
ecressac

M
et
a
l.

(2012)
N
europeptide

Y
and

its
role

in
C
N
S
disease

and
repair.

Exp
.
N
eu
rol.

2
3
8:

265-72
[PM

ID
:23022456]

M
ichelM

C
et
a
l.

(1998)
X
VI.

InternationalU
nion

of
Pharm

acology
recom

m
endations

for
the

nom
en-

clature
of

neuropeptide
Y,

peptide
YY

and
pancreatic

polypeptide
receptors.

Ph
a
rm
a
col.

R
ev.

5
0:

143-150
[PM

ID
:9549761]

M
orales-M

edina
JC

et
a
l.

(2010)
A
possible

role
of

neuropeptide
Y
in

depression
and

stress.
Bra

in
R
es.

1
3
1
4:

194-205
[PM

ID
:19782662]

Zengin
A
et
a
l.(2010)N

europeptide
Y
and

sex
horm

one
interactionsin

hum
oraland

neuronalregulation
ofbone

and
fat.

Tren
d
s
En
d
ocrin

ol.
M
eta

b
.
2
1:

411-8
[PM

ID
:20202858]

Zhang
L
et
a
l.

(2011)
The

neuropeptide
Y
system

:
pathophysiologicaland

therapeutic
im

plications
in

obesity
and

cancer.
Ph
a
rm
a
col.

T
h
er.

1
3
1:

91-113
[PM

ID
:21439311]

N
e
u
ro

te
n
sin

re
ce

p
to
rs

G
protein-coupled

receptors
N
eurotensin

receptors

O
v
e
r
v
ie
w
:
N
eurotensin

receptors
(n

o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y
N
C
-IU

P
H
A
R

[5
3
0
])

are
activated

by
the

endogenous
tridecapeptide

neurotensin
(pG

lu-Leu-Tyr-G
lu-Asn-Lys-Pro-Arg-Arg-Pro-Tyr-

Ile-Leu)
derived

from
a
precursor

(N
T
S,30990),w

hich
also

generates
neurom

edin
N
,an

agonist
at

the
N
TS2

receptor.
A
nonpeptide

antagonist,SR142948A,show
s
high

affinity
(pKi ˜9)

at
both

N
TS1

and
N
TS2

receptors
[664].[ 3

H
]neurotensin

(hum
an,m

ouse,rat)
and

[ 125
I]neurotensin

(hum
an,m

ouse,rat)m
ay

be
used

to
labelN

TS1
and

N
TS2

receptors
at

0.1-0.3
and

3-5
nM

concentrationsrespectively.

N
om

enclature
N
TS1

receptor
N
TS2

receptor

H
G
N
C
,U

niProt
N
T
SR
1,P30989

N
T
SR
2,O

95665

Rank
orderofpotency

neurotensin
(N
T
S,P30990)

neurom
edin

N
{M

ouse,Rat}
[741]

neurotensin
(N
T
S,P30990)

=
neurom

edin
N

{M
ouse,Rat}[1235]

Selective
agonists

JM
V449

(p
K
i 10)

[1753]–
Rat

levocabastine
(p
K
i 6.8)

[1235,1583]

Antagonists
m
eclinertant(pIC

5
0
7.5–8.2)[664]

–

Labelled
ligands

[ 3
H
]m

eclinertant(Antagonist)(p
K
d
8.5)

[1030]–
Rat

–

C
om

m
ents

–
A
splice

variantofthe
N
TS2

receptorbearing
5
transm

em
brane

dom
ains

has
been

identified
in

m
ouse

[191]and
laterin

rat[1492].

C
o
m

m
e
n
ts:

neurotensin
(N
T
S,P30990)

appears
to

be
a
low

-efficacy
agonist

at
the

N
TS2

receptor[1959],w
hile

the
N
TS1

receptorantagonistm
eclinertantis

an
agonist

at
N
TS2

receptors
[1959].

An
additional

protein,provisionally
term

ed
N
TS3

(also
know

n
as

N
TR3,gp95

and
sortilin; EN

SG
00000134243),has

been
suggested

to
bind

lipoprotein
lipase

and
m
ediate

its
degradation

[1395].Ithas
been

reported
to

interact
w
ith

the
N
TS1

receptor[1211]and
has

been
im

plicated
in

horm
one

trafficking
and/or

neurotensin
uptake.

Fu
rth

e
r
R
e
a
d
in
g

BoulesM
et
a
l.(2013)D

iverse
rolesofneurotensin

agonistsin
the

centralnervoussystem
.
Fron

t
En
d
ocrin

ol
(La

u
sa
n
n
e)

4:
36

[PM
ID

:23526754]
D
upouy

S
et
a
l.
(2011)

The
potentialuse

ofthe
neurotensin

high
affinity

receptor
1
as

a
biom

arker
for

cancerprogression
and

as
a
com

ponentofpersonalized
m
edicine

in
selective

cancers.
Bioch

im
ie
9
3:

1369-78
[PM

ID
:21605619]

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

Kalafatakis
K
et
a
l.
(2011)

C
ontribution

ofneurotensin
in

the
im

m
une

and
neuroendocrine

m
odulation

ofnorm
aland

abnorm
alenteric

function.
R
eg
u
l.
Pep

t.
1
7
0:

7-17
[PM

ID
:21549161]

M
azella

Jet
a
l.(2012)N

eurotensin
and

itsreceptorsin
the

controlofglucose
hom

eostasis.
Fron

tEn
d
ocrin

ol
(La

u
sa
n
n
e)

3:143
[PM

ID
:23230428]

M
yers

RM
et
a
l.

(2009)
C
ancer,

chem
istry,

and
the

cell:
m
olecules

that
interact

w
ith

the
neurotensin

receptors.
A
C
S
C
h
em

.
Biol.

4:503-25
[PM

ID
:19462983]
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O
p
io
id

re
ce

p
to
rs

G
protein-coupled

receptors
O
pioid

receptors

O
v
e
r
v
ie
w
:

O
pioid

and
opioid-like

receptors
are

activated
by

a
variety

of
endogenous

peptides
including

[M
et]enkephalin

(PEN
K,

P01210)
(m

et),
[Leu]enkephalin

(PEN
K,

P01210)
(leu),

β-endorphin
(PO

M
C
,

P01189)
(β-end),

α-neodynorphin
(PD

YN
,

P01213),
dynorphin

A
(PD

YN
,

P01213)
(dynA),

dynorphin
B

(PD
YN

,
P01213)

(dynB),
big

dynorphin
(PD

YN
,
P01213)

(Big
dyn),

nociceptin/orphanin
FQ

(PN
O
C,Q

13519)(N
/O

FQ
);endom

orphin-1
and

endom
orphin-2

are
also

potentialendogenous
peptides.

The
G
reek

letternom
enclature

forthe
opioid

receptors,
,

and
,isw

ell
established,

and
N
C
-IU

P
H
A
R

considers
this

nom
enclature

m
ost

appropriate
[376,

417,
530].

The
hum

an
N
/O

FQ
receptor

is
con-

sidered
’opioid-related’rather

than
opioid

because
w
hile

it
exhibits

a
high

degree
ofstructuralhom

ology
w
ith

the
conventionalopioid

receptors
[ 1308],it

displays
a
distinctpharm

acology.

N
om

enclature
receptor

receptor
receptor

N
O
P
receptor

H
G
N
C
,U

niProt
O
PR
D
1,P41143

O
PR
K
1,P41145

O
PR
M
1,P35372

O
PR
L1,P41146

Principalendogenous
agonists

β-endorphin
(PO

M
C,P01189),

[Leu]enkephalin
(PEN

K,P01210),
[M

et]enkephalin
(PEN

K,P01210)

big
dynorphin

(PD
YN

,P01213),
dynorphin

A
(PD

YN
,P01213)

β-endorphin
(PO

M
C
,P01189),

[M
et]enkephalin

(PEN
K,P01210),

[Leu]enkephalin
(PEN

K,P01210),
endom

orphin-1,endom
orphin-2

–

Endogenous
agonists

–
–

endom
orphin-2

(Selective)(p
K
i 8.5)

[2109]–
Rat,endom

orphin-1
(Selective)(p

K
i 8.3)

[622,2109]

nociceptin/orphanin
FQ

(PN
O
C,

Q
13519)

(Selective)(p
K
i 9.7–10.4)

[149,1242,1303,1307,1439]

Agonists
–

–
levorphanol(pIC

5
0
9.9)

[692],
hydrom

orphone
(p
K
i 9.6)

[2007],fentanyl
(p
K
i 9.2)[1893],buprenorphine

(Partial
agonist)(p

K
i 8.8)

[1893],m
ethadone

(pIC
5
0

8.4)
[1523],codeine

(p
K
i 6.9)

[1893],
tapentadol(p

K
i 6.8)[1916],m

eperidine
(pIC

5
0
6.5)

[1523]

–

Selective
agonists

[D
-Ala 2

]deltorphin
I(p

K
d
9.4)[487,

1795],D
PD

PE
(p
K
i 8.8)

[1337,1893],
[D

-Ala 2
]deltorphin

II(p
K
i 8.8)[488],

SN
C
80

(p
K
i 7.2)

[258,1549]

U
50488

(p
K
i 7.8–9.7)[297,1478,

1744,1893,1962,2128,2130],
enadoline

(p
K
i 9.6)

[808,1383],
U
69593

(p
K
i 9.5)

[1034,1893],
salvinorin

A
(p
K
i 7.8–8.7)

[251,
1603]

sufentanil(p
K
i 9.9)[1960],D

AM
G
O

(p
K
i 9.3)

[691,1893],loperam
ide

(p
K
i 9.3)[308],

m
orphine

(p
K
i 9)

[620,1893],PL017
(p
K
i

8.2)
[290,1893]

N
/O

FQ
-(1-13)-N

H
2
(p
K
i

10.1–10.4)[149,661,1242,1439],
Ro64-6198

(p
K
i 9.6)

[855]
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(continued)

N
om

enclature
receptor

receptor
receptor

N
O
P
receptor

Antagonists
naltrexone

(p
K
i 8)

[1893],naloxone
(p
K
i 7.2)

[1893]
buprenorphine

(p
K
i 9.1–10.2)[1893,

2130],nalm
efene

(p
K
i 9.5)

[1893],
naltrexone

(p
K
i 8.4–9.4)

[1478,1744,
1893],naloxone

(p
K
i 7.6–8.6)

[1478,
1744,1893,2128,2130]

naltrexone
(p
K
i 9.7)[1893],nalm

efene
(p
K
i 9.5)

[1893],nalorphine
(p
K
i 8.9)

[1893],m
ethylnaltrexone

(p
K
i 8.7)

[2007]

–

Selective
antagonists

naltriben
(p
K
i 10)

[1773,1893],
naltrindole

(p
K
i 9.7)

[1521,1893],
TIPP

(Inverse
agonist)

(p
K
i 9)

[1664,
1893]

nor-binaltorphim
ine

(p
K
i 8.9–11)

[ 1478,1520,1744,1893,2128,
2130],5’-guanidinonaltrindole

(p
K
i

9.7–9.9)
[882,1478,1797]

alvim
opan

(p
K
i 9.3)

[1056],
levallorphan

(p
K
i 8.8–9.3)

[1187],
C
TAP

(p
K
i 8.6)[290,1893]

U
FP-101

(p
K
i 10.2)

[259],
Banyu

C
om

pound-24
(p
K
i 9.6)

[523],SB
612111

(p
K
i 9.5)

[2112],J-113397
(pIC

5
0
8.3)

[919]

Labelled
ligands

[ 3
H
]naltrindole

(Antagonist)(p
K
d

10.4)
[ 2072]–

Rat,[ 3H
]D

PD
PE

(Agonist)
[26],[ 3

H
]deltorphin

II
(Agonist)

[252],[ 3
H
]naltriben

(Antagonist)[1088]

[ 3
H
]U

69593
(Agonist)

(p
K
d
8.7–8.8)

[ 1034,1478,1744],[ 3
H
]enadoline

(Agonist)
[1746]

[ 3
H
]D

AM
G
O

(Agonist)(p
K
d
9.2)

[ 1567]–
Rat,[ 3

H
]PL017

(Agonist)
[717]–

Rat

[ 3
H
]N

/O
FQ

(Agonist)
(p
K
d
10.2)

[ 437,1307]

C
o
m

m
e
n
ts:

Three
naloxone-sensitive

opioid
receptor

genes
have

been
identified

in
hum

ans,
and

w
hile

the
-receptor

in
particular

m
ay

be
subject

to
extensive

alternative
splicing

[1468],these
puta-

tive
isoform

s
have

not
been

correlated
w
ith

any
of

the
subtypes

of
receptorproposed

in
years

past.O
pioid

receptorsm
ay

heterodim
er-

ize
w
ith

each
otherorw

ith
other7TM

receptors
[ 884],and

give
rise

to
com

plexes
w
ith

a
unique

pharm
acology,

how
ever,

evidence
for

such
heterodim

ers
in

native
cells

is
equivocaland

the
consequences

this
heterodim

erization
for

signalling
rem

ains
largely

unknow
n.

For
-opioid

receptors
at

least,
dim

erization
does

not
seem

to
be

re-
quired

forsignalling
[ 1026].A

distinctm
et-enkephalin

receptorlack-
ing

structuralresem
blance

to
the

opioid
receptors

listed
has

been

identified
(O
G
FR,

9N
ZT2)

and
term

ed
an

opioid
grow

th
factor

receptor[2110].

Endom
orphin-1

and
endom

orphin-2
have

been
identified

as
highly

selective,
putative

endogenous
agonists

for
the

-opioid
receptor.

At
present,how

ever,the
m
echanism

s
for

endom
orphin

synthesis
in

vivo
have

not
been

established,and
there

is
no

gene
identified

that
encodesforeither.Thus,the

statusofthese
peptides

as
endogenous

ligands
rem

ains
unproven.

Tw
o
areasofincreasing

im
portance

in
defining

opioid
receptorfunc-

tion
are

the
presence

offunctionally
relevantsingle

nucleotide
poly-

m
orphism

sin
hum

an
-receptors[1423]and

the
identification

ofbi-

ased
signalling

by
opioid

receptorligands,in
particular,com

pounds
previously

characterized
as

antagonists
[231].

Pathw
ay

bias
for

ag-
onists

m
akes

generalrank
orders

ofpotency
and

efficacy
som

ew
hat

obsolete,
so

these
do

not
appear

in
the

table.
As

ever,the
m
echa-

nism
sunderlying

the
acute

and
long

term
regulation

ofopiod
recep-

torfunction
are

the
subject

ofintense
investigation

and
debate.

The
richness

of
opioid

receptor
pharm

acology
has

been
enhanced

w
ith

the
recentdiscovery

ofallosteric
m
odulatorsofM

O
Prand

D
O
Pr,

notably
the

positive
allosteric

m
odulators

and
silent

allosteric
"an-

tagonists"
outlined

in
[240,241].

N
egative

allosteric
m
odulation

of
opioid

receptors
has

been
previously

suggested
[908],

w
hether

all
com

pounds
are

acting
at

a
sim

ilar
site

rem
ains

to
be

established.

Fu
rth

e
r
R
e
a
d
in
g

Butelm
an

ER
et
a
l.(2012)

-opioid
receptor/dynorphin

system
:genetic

and
pharm

acotherapeutic
im

pli-
cations

for
addiction.

Tren
d
s
N
eu
rosci.

3
5:

587-96
[PM

ID
:22709632]

C
ox

BM
et
a
l.
(2015)

C
hallenges

for
opioid

receptor
nom

enclature:
IU
PH

AR
Review

9.
Br.

J.
Ph
a
rm
a
col.

1
7
2:

317-23
[PM

ID
:24528283]

Kelly
E.

(2011)
The

subtleties
of

-opioid
receptor

phosphorylation.
Br.

J.
Ph
a
rm
a
col.

1
6
4:

294-7
[PM

ID
:21449916]

Pradhan
AA

et
a
l.(2011)The

delta
opioid

receptor:an
evolving

targetforthe
treatm

entofbrain
disorders.

Tren
d
s
Ph
a
rm
a
col.

Sci.
3
2:581-90

[PM
ID

:21925742]
Schröder

W
et
a
l.
(2014)

Functionalplasticity
ofthe

N
/O

FQ
-N

O
P
receptorsystem

determ
ines

analgesic
properties

ofN
O
P
receptoragonists.

Br.
J.
Ph
a
rm
a
col.

1
7
1:

3777-800
[PM

ID
:24762001]

W
illiam

s
JT
et
a
l.
(2013)

Regulation
of

-opioid
receptors:

desensitization,phosphorylation,internaliza-
tion,and

tolerance.
Ph
a
rm
a
col.

R
ev.

6
5:223-54

[PM
ID

:23321159]
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O
re
x
in

re
ce

p
to
rs

G
protein-coupled

receptors
O
rexin

receptors

O
v
e
r
v
ie
w
:O

rexin
receptors

(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

O
r
e
x
in

r
e
c
e
p
to

r
s
[6

2
7
])

are
activated

by
the

endogenous
polypeptides

orexin-A
(H
C
RT,O

43612)and
orexin-B

(H
C
RT,O

43612)(also
know

n
as

hypocretin-1
and

-2;33
and

28
aa)

derived
from

a
com

m
on

precursor,preproorexin
ororexin

precursor,by
proteolytic

cleavage
[1629].Binding

to
both

receptors
m
ay

be
accom

plished
w
ith

[ 125
I]orexin

A
(hum

an,m
ouse,rat)

[773].

N
om

enclature
O
X
1
receptor

O
X
2
receptor

H
G
N
C
,U

niProt
H
C
RT
R
1,O

43613
H
C
RT
R
2,O

43614

Rank
orderofpotency

orexin-A
(H
C
RT,O

43612)
orexin-B

(H
C
RT,O

43612)
orexin-A

(H
C
RT,O

43612)
=
orexin-B

(H
C
RT,O

43612)

Selective
agonists

–
[Ala 11

,D
-Leu 15]orexin-B

(pEC
5
0
9.9)

[62]

(Sub)fam
ily-selective

antagonists
suvorexant(p

K
i 9.3)[377],SB-649868

(p
K
i 9.1)[419],filorexant

(p
K
i 8.6)

[2035],
alm

orexant(pIC
5
0
7.9)

[216]
filorexant(p

K
i 9.5)

[2035],suvorexant(p
K
i 9.5)

[377],SB-649868
(p
K
i 8.9)

[419],
alm

orexant(pIC
5
0
8.1)

[216]

Selective
antagonists

SB-408124
(p
K
i 7.2–7.6)

[1042,1190],SB-334867
(p
K
i 7.4–7.5)

[1190,1518]
EM

PA
(p
K
i 9)

[1189],JN
J10397049

(p
K
i 7.9–8.6)

[1238],TC
S-O

X
2-29

(p
K
i 7.4)

[760]

Labelled
ligands

[ 3
H
]SB-674042

(Antagonist)(p
K
d
8.3–9.1)[1042,1190,1193]

–

C
o
m

m
e
n
ts:

The
prim

ary
coupling

of
orexin

receptors
to

G
q/11

proteins
is
rather

speculative
and

based
on

the
strong

activation
of

phospholipase
C
.C

oupling
of

both
receptors

to
G
i/o

and
G
s
has

also
been

reported
[1019,1555];

for
m
ost

cellular
responses

observed,the
G

protein
pathw

ay
is
unknow

n.
The

rank
order

ofendogenous
agonist

potency
m
ay

depend
on

the
cellular

signaltransduction
m
achinery.

The
synthetic

[Ala 11
,D

-Leu 15]orexin-B
m
ay

show
poorO

X
2
receptorselectivity

[1540].

Loss-of-function
m
utations

in
the

gene
encoding

the
O
X
2
receptorunderlie

canine
hereditary

narcolepsy
[ 1111].

Fu
rth

e
r
R
e
a
d
in
g

Boss
C
.(2014)O

rexin
receptorantagonists–a

patentreview
(2010

to
August2014).

Exp
ert

O
p
in
T
h
er
Pa
t

2
4:

1367-81
[PM

ID
:25407283]

BossC
et
a
l.(2009)Biom

edicalapplication
oforexin/hypocretin

receptorligands
in

neuroscience.
J.M

ed
.

C
h
em

.
5
2:891-903

[PM
ID

:19199652]
C
hristopher

JA.
(2014)

Sm
all-m

olecule
antagonists

of
the

orexin
receptors.

Ph
a
rm

Pa
t
A
n
a
l
3:

625-38
[PM

ID
:25489915]

G
otterAL

et
a
l.(2012)InternationalU

nion
ofBasic

and
C
linicalPharm

acology.LX
X
X
VI.O

rexin
receptor

function,nom
enclature

and
pharm

acology.
Ph
a
rm
a
col.

R
ev.

6
4:389-420

[PM
ID

:22759794]
Lebold

TP
et
a
l.

(2013)
Selective

orexin
receptor

antagonists.
Bioorg

.
M
ed
.
C
h
em

.
Lett.

2
3:

4761-9
[PM

ID
:23891187]

M
ieda

M
et
a
l.

(2013)
O
rexin

(hypocretin)
receptor

agonists
and

antagonists
for

treatm
ent

of
sleep

disorders.Rationale
for

developm
entand

currentstatus.
C
N
S
D
ru
g
s
2
7:83-90

[PM
ID

:23359095]
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O
x
o
g
lu
ta
ra
te

re
ce

p
to
r

G
protein-coupled

receptors
O
xoglutarate

receptor

O
v
e
r
v
ie
w
:
N
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y
N
C
-IU

P
H
A
R

[3
9
6
].

N
om

enclature
oxoglutarate

receptor

H
G
N
C
,U

niProt
O
X
G
R
1,Q

96P68

Endogenous
agonists

α-ketoglutaric
acid

(pEC
5
0
3.3–4.5)[728,1785]

P
2
Y
re
ce

p
to
rs

G
protein-coupled

receptors
P2Y

receptors

O
v
e
r
v
ie
w
:P2Y

receptors(n
o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R
S
u
b
c
o
m

m
itte

e
o
n
P
2
Y
R
e
c
e
p
to

r
s
[1

,
2
])are

activated
by

the
endogenousligandsATP,adenosine

diphosphate,uridine
triphosphate,

uridine
diphosphate

and
U
D
P-glucose.

The
relationship

of
m
any

of
the

cloned
receptors

to
endogenously

expressed
receptors

is
not

yet
established

and
so

it
m
ight

be
appropriate

to
use

w
ording

such
as

‘ uridine
triphosphate-preferring

(or
ATP-,

etc.)
P2Y

receptor’or‘P2Y1
-like’,

etc.,untilfurther,as
yetundefined,corroborative

criteria
can

be
applied

[244,486,837,2003,2146].

N
om

enclature
P2Y1

receptor
P2Y2

receptor
P2Y4

receptor
P2Y6

receptor

H
G
N
C
,U

niProt
P2
R
Y1,P47900

P2
R
Y2,P41231

P2
R
Y4,P51582

P2
R
Y6,Q

15077

Rank
orderof

potency
adenosine

diphosphate
ATP

uridine
triphosphate=ATP

uridine
triphosphate

ATP
(at

rat
recom

binantreceptors,U
TP

=
ATP)

uridine
diphosphate

uridine
triphosphate

ATP

Endogenous
agonists

–
–

–
uridine

diphosphate
(Selective)(pEC

5
0

6.5)
[ 359]

Agonists
AD

P
βS

(pEC
5
0
7.3)[1848],2M

eSAD
P

(pIC
5
0
5.4–7)[1658,1970]

–
–

Rp-5-O
M
e-U

D
P
αB

(pEC
5
0
8.1)[611,

666]

Selective
agonists

M
RS2365

(pEC
5
0
9.4)

[314],
2-C

l-AD
P(α-BH

3 )
(pEC

5
0
8.1)

[73]
2-thioU

TP
(pEC

5
0
7.3)

[470],PSB1114
(EC

50
value

determ
ined

using
an

IP3
functionalassay)

(pEC
5
0
6.9)

[471],
Ap4

A
(pEC

5
0
6.1)

[270,1471],U
TP

γS
(pEC

5
0
5.8)[1054],M

RS2768
(EC

50
value

determ
ined

using
an

IP3
functionalassay)

(pEC
5
0
5.7)

[973]

M
RS4062

(pEC
5
0
7.6)

[1213],U
TP

γS
[1055]–

U
nknow

n
M
RS2957

(pEC
5
0
7.9)[1212],

M
RS2693

(pEC
5
0
7.8)[143],

3-phenacyl-U
D
P
(pEC

5
0
7.2)

[470]
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(continued)

N
om

enclature
P2Y1

receptor
P2Y2

receptor
P2Y4

receptor
P2Y6

receptor

Antagonists
–

–
ATP

(p
K
d
6.2)

[925]
–

Selective
antagonists

M
RS2500

(p
K
i 8.8–9.1)[274,942],

BM
S
com

pound
16

[PM
ID

:23368907](p
K
i

8.2)
[295,2115],M

RS2279
(p
K
i 7.9)

[1970],
M
RS2179

(p
K
i 7–7.1)

[197,1970],
2,2’-pyridylisatogen

tosylate
(p
K
i 6.8)

[570]

AR-C
118925X

X
(pIC

5
0

6)
[924]

–
M
RS2578

(pIC
5
0
7.4)

[1196]

Labelled
ligands

[ 3
H
]M

RS2279
(Antagonist)(p

K
d
8.1)

[1970],
[ 3
H
]2M

eSAD
P
(Agonist)(p

K
d
7.3)[1848],

[ 35
S]AD

P
βS

(Agonist)–
U
nknow

n

–
–

–

N
om

enclature
P2Y11

receptor
P2Y12

receptor
P2Y13

receptor
P2Y14

receptor

H
G
N
C
,U

niProt
P2
R
Y1
1,Q

96G
91

P2
R
Y1
2,Q

9H
244

P2
R
Y1
3,Q

9BPV8
P2
R
Y1
4,Q

15391

Rank
orderofpotency

ATP
uridine

triphosphate
–

adenosine
diphosphate

ATP
–

Rank
orderofpotency

H
um

an
–

–
–

uridine
diphosphate

U
D
P-glucose

Endogenous
agonists

–
adenosine

diphosphate
(Selective)(p

K
i

5.9)[740]
–

–

Agonists
–

2M
eSAD

P
(p
K
i 9.2)[740]

–
M
RS2690

(pEC
5
0
6.6–7.3)[571,974]

Selective
agonists

AR-C
67085

(pEC
5
0
8.5)

[88,360],
N
F546

(pEC
5
0
6.3)

[1255],N
AAD

P
[1322],N

AD
[1323]

–
–

–

Antagonists
N
F340

(pIC
5
0
6.4–7.1)

[1255]
PSB-0739

(p
K
i 7.6)

[91]
–

–

Selective
antagonists

N
F157

(p
K
i 7.3)

[1923]
AZD

1283
(p
K
i 8)[76,2116],ARL66096

(pIC
5
0
7.9)

[806,807],ticagrelor(p
K
i 7.8)

[2113]

M
RS2211

(pIC
5
0
6)[950]

PPTN
(p
K
i 10.1)

[96]

Labelled
ligands

–
[ 3
H
]2M

eSAD
P
(Agonist)

(pIC
5
0
7.5–9.6)

[ 1848],[ 3
H
]PSB-0413

(Antagonist)(p
K
d

8.3–8.5)[469,1431]

–
–
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C
o
m

m
e
n
ts:

cangrelor
show

s
selectivity

for
P2Y12

and
P2Y13

receptors
com

pared
w
ith

other
P2Y

receptors
[1209,

1848].
N
F157

also
has

antagonist
activity

at
P2X

1
receptors

[1923].
U
ridine

diphosphate
has

been
reported

to
be

an
antagonist

at
the

P2Y14
receptor

[548].
[ 35

S]ATP
αS

has
been

used
to

labelP2Y
re-

ceptors
in

ratsynaptosom
alm

em
branes

[ 1682,1683].

An
orphan

G
PC

R
suggested

to
be

a
‘P2Y15 ’

receptor
[823]

ap-
pears

not
to

be
a
genuine

nucleotide
receptor

[2],
but

rather
re-

sponds
to

dicarboxylic
acids

[ 728].
Further

P2Y-like
receptors

have
been

cloned
from

non-m
am

m
alian

sources;
a

clone
from

chick
brain,

term
ed

a
p2y3

receptor
(EN

SG
ALG

00000017327),
couples

to
the

G
q/11

fam
ily

of
G

proteins
and

show
s
the

rank
order

of
potency

adenosine
diphosphate

uridine
triphosphate

ATP
=

uridine
diphosphate

[1998].
In

addition,
hum

an
sources

have
yielded

a
clone

w
ith

a
prelim

inary
identification

of
p2y5

( LPA
R
6,

P43657)
and

contradictory
evidence

of
responses

to
ATP

[954,
1999].Thisprotein

isnow
classified

asLPA6
,a

receptorforlysophos-
phatidic

acid
( LPA)

[1467,
2079].

The
clone

term
ed

p2y9
(LPA

R
4,

Q
99677)

is
also

a
receptor

for
lysophosphatidic

acid,
LPA4

[1406].
The

clone
p2y7

(N
O
P9,

Q
86U

38),
originally

suggested
to

be
a

P2Y
receptor

[ 22],
has

been
show

n
to

encode
a

leukotriene
re-

ceptor
[2095].

A
P2Y

receptor
that

w
as

initially
term

ed
a
p2y8

receptor
(P79928)

has
been

cloned
from

X
en
op
u
s
la
evis;

it
show

s
the

rank
order

of
potency

AD
P
βS

ATP
=
uridine

triphosphate
=

guanosine-5’-triphosphate
=

C
TP

=
TTP

=
ITP

ATP
γS

and
elic-

its
a
C
a 2+

-dependent
C
l -

current
in

X
en
op
u
s
oocytes

[169].
The

p2y10
clone

(P2
R
Y1
0,

O
00398)

lacks
functionaldata.

D
iadenosine

polyphosphates
also

have
effects

on
as

yet
uncloned

P2Y-like
recep-

torsw
ith

the
rank

orderofpotency
ofAp4

A
Ap5a

Ap3a,coupling
via

G
q/11

[270].
P2Y-like

receptors
have

recently
been

described
on

m
itochondria

[ 126].
C
ysLT1

and
C
ysLT2

leukotriene
receptors

respond
to

nanom
olar

concentrations
of

uridine
diphosphate,

al-
though

they
are

activated
principally

by
leukotrienesLTC

4
and

LTD
4

[1257,
1258].

H
um

an
G
PR17

(13304)
and

rat
G
PR17,

w
hich

are
structurally

related
to

C
ysLT

and
P2Y

receptors,are
also

activated
by

leukotrienes[1542]as
w
ellas

uridine
diphosphate

and
U
D
P-glucose

[344,540].
Activity

at
the

rat
G
PR17

is
inhibited

by
subm

icrom
olar

concentrations
ofM

RS2179
and

cangrelor[344].

Fu
rth

e
r
R
e
a
d
in
g

Abbracchio
M
P
et
a
l.

(2006)
InternationalU

nion
of

Pharm
acology

LVIII:update
on

the
P2Y

G
protein-

coupled
nucleotide

receptors:
from

m
olecular

m
echanism

s
and

pathophysiology
to

therapy.
Ph
a
r-

m
a
col.

R
ev.

5
8:

281-341
[PM

ID
:16968944]

Burnstock
G
.(2007)

Purine
and

pyrim
idine

receptors.
C
ell.

M
ol.

Life
Sci.

6
4:1471-83

[PM
ID

:17375261]

Burnstock
G
et
a
l.(2012)Purinergic

signalling
and

the
nervous

system
.Springer:1-715

Erlinge
D
.(2011)P2Y

receptors
in

health
and

disease.
A
d
v.
Ph
a
rm
a
col.

6
1:417-39

[PM
ID

:21586366]
Jacobson

KA.
(2013)

Structure-based
approaches

to
ligands

for
G
-protein-coupled

adenosine
and

P2Y
receptors,from

sm
allm

olecules
to

nanoconjugates.
J.
M
ed
.
C
h
em

.
5
6:

3749-67
[PM

ID
:23597047]

Jacobson
KA

et
a
l.(2009)D

evelopm
entofselective

agonists
and

antagonists
ofP2Y

receptors.
Pu
rin
erg

ic
Sig

n
a
llin
g
5:75-89

[PM
ID

:18600475]

W
eism

an
G
A
et
a
l.
(2012)

P2Y
receptors

in
the

m
am

m
alian

nervous
system

:
pharm

acology,ligands
and

therapeutic
potential.

C
N
S
N
eu
rolD

isord
D
ru
g
Ta
rg
ets

1
1:

722-38
[PM

ID
:22963441]

von
Kügelgen

I
et
a
l.

(2011)
M
olecular

pharm
acology,

physiology,
and

structure
of

the
P2Y

receptors.
A
d
v.
Ph
a
rm
a
col.

6
1:

373-415
[PM

ID
:21586365]

P
a
ra
th

yro
id

h
o
rm

o
n
e
re
ce

p
to
rs

G
protein-coupled

receptors
Parathyroid

horm
one

receptors

O
v
e
r
v
ie
w
:The

parathyroid
horm

one
receptors(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d
b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n
P
a
r
a
th

y
r
o
id

H
o
r
m

o
n
e
R
e
c
e
p
to

r
s
[5

7
5
])are

fam
ily

B
G
protein-coupled

receptors.
The

parathyroid
horm

one
(PTH

)/parathyroid
horm

one-related
peptide

(PTH
rP)receptor(PTH

1
receptor)isactivated

by
precursor-derived

peptides:PTH
(PT

H
,P01270)(84

am
ino

acids),and
PTH

rP
(PT

H
LH

,P12272)
(141

am
ino-acids)

and
related

peptides
(PTH

-(1-34), PTH
rP-(1-36)(PT

H
LH

,P12272)).The
parathyroid

horm
one

2
receptor(PTH

2
receptor)is

activated
by

the
precursor-derived

peptide
TIP39

(PT
H
2,Q

96A98)(39
am

ino
acids).

[ 125I]PTH
m
ay

be
used

to
labelboth

PTH
1
and

PTH
2
receptors.
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N
om

enclature
PTH

1
receptor

PTH
2
receptor

H
G
N
C
,U

niProt
PT
H
1
R,Q

03431
PT
H
2
R,P49190

Rank
orderofpotency

PTH
(PT

H
,P01270)

=
PTH

rP
(PT

H
LH

,P12272)
TIP39

(PT
H
2,Q

96A98),PTH
(PT

H
,P01270)

PTH
rP

(PT
H
LH

,P12272)

Endogenous
agonists

–
TIP39

(PT
H
2,Q

96A98)
(pIC

5
0
7.6–9.2)[626,766]

Agonists
teriparatide

(pIC
5
0
7.4)

[573]
–

Selective
agonists

PTH
rP-(1-34)(hum

an)(pIC
5
0
7.8–8.1)

[574]–
Rat

–

C
o
m

m
e
n
ts:Although

PTH
(PT

H
,P01270)

is
an

agonist
at

hum
an

PTH
2
receptors,it

fails
to

activate
the

rodentorthologues.TIP39
(PT

H
2,Q

96A98)
is
a
w
eak

antagonistat
PTH

1
receptors

[883].

Fu
rth

e
r
R
e
a
d
in
g

C
heloha

RW
et
a
l.(2015)Signaltransduction

at
type-1

parathyroid
horm

one
receptor.

N
a
t
R
ev
En
d
o.

D
atta

N
S
et

a
l.

(2009)
PTH

and
PTH

rP
signaling

in
osteoblasts.

C
ell.

Sig
n
a
l.

2
1:

1245-54
[PM

ID
:19249350]

G
ardella

TJ
et
a
l.

(2015)
InternationalU

nion
of

Basic
and

C
linicalPharm

acology.
X
C
III.

The
Parathy-

roid
H
orm
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Receptors-Fam

ily
B

G
Protein-C
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Receptors.

Ph
a
rm
a
col.

R
ev.

6
7:

310-37
[PM

ID
:25713287]

Kraenzlin
M
E
et
a
l.

(2011)
Parathyroid

horm
one

analogues
in

the
treatm

ent
of

osteoporosis.
N
a
t
R
ev

En
d
ocrin

ol[PM
ID

:21750510]
Vilardaga

JP
et
a
l.(2014)Endosom

algeneration
ofcAM

P
in

G
PC

R
signaling.

N
a
t.
C
h
em

.
Biol.

1
0:

700-6
[PM

ID
:25271346]

P
la
te
le
t-a

ctiva
tin

g
fa
cto

r
re
ce

p
to
r

G
protein-coupled

receptors
Platelet-activating

factor
receptor

O
v
e
r
v
ie
w
:Platelet-activating

factor(PAF,1-O
-alkyl-2-acetyl-sn-glycero-3-phosphocholine)isan

etherphospholipid
m
ediatorassociated

w
ith

plateletcoagulation,butalso
subservesinflam

m
atory

roles.The
PAF

re-
ceptor(p

r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
r
e
c
o
m

m
e
n
d
e
d
b
y
N
C
-IU

P
H
A
R

[5
3
0
])isactivated

by
PAF

and
othersuggested

endogenousligandsare
oxidized

phosphatidylcholine
[1204]and

lysophosphatidylcholine
[1425].Itm

ay
also

be
activated

by
bacteriallipopolysaccharide

[1358].

N
om

enclature
PAF

receptor

H
G
N
C
,U

niProt
PTA

FR,P25105

Selective
agonists

m
ethylcarbam

ylPAF
–
U
nknow

n

Selective
antagonists

foropafant
(p
K
i 10.3)[739],ABT-491

(p
K
i 9.2)

[30],C
V-6209

(pIC
5
0
8.1–8.3)[619,1357],L659989

(p
K
i 7.8)

[811],apafant
(p
K
i 5.2–7.5)

[1460,1831]

Labelled
ligands

[ 3
H
]PAF

(Agonist)(p
K
d
8.8–8.9)[555 ,1357 ]
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C
o
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m
e
n
ts:N

ote
thata

previously
recom

m
ended

radioligand
([ 3

H
]apafant;Kd

44.6
nM

)
is
currently

unavailable.

Fu
rth

e
r
R
e
a
d
in
g

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

IshiiS
et
a
l.(2000)Platelet-activating

factor(PAF)receptorand
genetically

engineered
PAF

receptorm
u-

tantm
ice.

Prog
.
Lip
id
R
es.

3
9:41-82

[PM
ID

:10729607]

M
ontrucchio

G
et
a
l.(2000)

Role
ofplatelet-activating

factor
in

cardiovascular
pathophysiology.

Ph
ysiol.

R
ev.

8
0:

1669-99
[PM

ID
:11015622]

Prescott
SM

et
a
l.
(2000)

Platelet-activating
factor

and
related

lipid
m
ediators.

A
n
n
u
.
R
ev.

Bioch
em

.
6
9:

419-45
[PM

ID
:10966465]

Shim
izu

T.(2009)
Lipid

m
ediators

in
health

and
disease:

enzym
es

and
receptors

as
therapeutic

targets
for

the
regulation

of
im

m
unity

and
inflam

m
ation.

A
n
n
u
.
R
ev.

Ph
a
rm
a
col.

Toxicol.
4
9:

123-50
[PM

ID
:18834304]

Sum
m
ers

JB
et

a
l.

(1995)
Platelet

activating
factor

antagonists.
A
d
v
Ph
a
rm
a
col

3
2:

67-168
[PM

ID
:7748804]

P
ro

kin
e
ticin

re
ce

p
to
rs

G
protein-coupled

receptors
Prokineticin

receptors

O
v
e
r
v
ie
w
:
Prokineticin

receptors,PKR1
and

PKR2
(p

r
o
v
isio

n
a
l

n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d
b
y
N
C
-IU

P
H
A
R

[5
3
0
])re-

spond
to

the
cysteine-rich

81-86
am

ino-acid
peptides

prokineticin-1
(PR

O
K
1,Q

9H
C
23)

(also
know

n
as

endocrine
gland-derived

vascular

endothelialgrow
th

factor,
m
am

bakine)
and

prokineticin-2
(PR

O
K
2,

Q
9H

C
23)

(protein
Bv8

hom
ologue).

An
orthologue

ofPRO
K1

from
black

m
am

ba
(D
en
d
roa

sp
is
p
olylep

is)venom
,m

am
ba

intestinaltoxin
1
( M

IT1,
[1678])

is
a
potent,

non-selective
agonist

at
prokineticin

receptors
[1215],w

hile
Bv8,an

orthologue
ofPRO

K2
from

am
phib-

ians
(Bom

b
in
a
sp
.,
[1304]),is

equipotent
at

recom
binant

PKR1
and

PKR2
[ 1371],and

has
high

potency
in

m
acrophage

chem
otaxis

as-
says,w

hich
are

lost
in

PKR1
-nullm

ice.

N
om

enclature
PKR1

PKR2
H
G
N
C
,U

niProt
PR
O
K
R
1,Q

8TC
W
9

PR
O
K
R
2,Q

8N
FJ6

Rank
orderofpotency

prokineticin-2
(PR

O
K
2,Q

9H
C
23)

prokineticin-1
(PR

O
K
1,Q

9H
C
23)

prokineticin-2
β
(PR

O
K
2)

[1109,1215,1775]
prokineticin-2

(PR
O
K
2,Q

9H
C
23)

prokineticin-1
(PR

O
K
1,Q

9H
C
23)

prokineticin-2
β
(PR

O
K
2)

[1109,1215,1775]

Endogenous
agonists

prokineticin-2
(PR

O
K
2,Q

9H
C
23)

(pIC
5
0
8.2–8.4)

[300,1215],prokineticin-1
(PR

O
K
1,Q

9H
C
23)(pIC

5
0
6.6–7.6)[300,1215],prokineticin-2

β
(PR

O
K
2)

(pIC
5
0

7.5)[ 300]

prokineticin-2
(PR

O
K
2,Q

9H
C
23)

(pIC
5
0
8.1–8.2)[300,1215],prokineticin-1

(PR
O
K
1,Q

9H
C
23)

(pIC
5
0
7.1–7.3)

[300,1215],prokineticin-2
β
(PR

O
K
2)

(pIC
5
0

6)
[300]

Agonists
M
IT1

(pIC
5
0
8.4)

[1215]
M
IT1

(pIC
5
0
9.2)[1215]

Selective
agonists

IS20
(pEC

5
0
7.4)

[581],IS1
(pEC

5
0
5.6)[581]

–

Selective
antagonists

triazine
com

pound
PC

1
(p
K
i 7.7)[87],triazine

com
pound

PC
7
(pIC

5
0
7.5)

[842,1552],triazine
com

pound
PC

10
(pIC

5
0
7)

[842]
PKR-A

(pIC
5
0
7.3–7.4)

[312]

Labelled
ligands

[ 125I]BH
-M

IT1
(Agonist)(pIC

5
0
8.4)

[1215]
[ 125

I]BH
-M

IT1
(Agonist)

(pIC
5
0
9.2)

[1215]
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C
o
m

m
e
n
ts:

G
enetic

m
utations

in
PR
O
K
R
1
are

associated
w
ith

H
irschsprung’s

disease
[1614],

w
hile

genetic
m
utations

in
PR
O
K
R
2
are

associated
w
ith

hypogonadotropic
hypogonadism

w
ith

anosm
ia

[430],
hypopituitarism

w
ith

pituitary
stalk

interruption
[ 1575]and

H
irschsprung’s

disease
[1614].

Fu
rth

e
r
R
e
a
d
in
g

Boulberdaa
M

et
a
l.
(2011)

Prokineticin
receptor

1
(PKR1)

signalling
in

cardiovascular
and

kidney
func-

tions.
C
a
rd
iova

sc.
R
es.

9
2:

191-8
[PM

ID
:21856786]

M
artin

C
et
a
l.(2011)The

role
ofthe

prokineticin
2
pathw

ay
in

hum
an

reproduction:evidence
from

the
study

ofhum
an

and
m
urine

gene
m
utations.

En
d
ocr.

R
ev.

3
2:225-46

[PM
ID

:21037178]

M
onnier

J
et

a
l.

(2010)
Prokineticins

in
angiogenesis

and
cancer.

C
a
n
cer

Lett.
2
9
6:

144-9
[PM

ID
:20633984]

N
egriL

et
a
l.
(2012)

Bv8/PK2
and

prokineticin
receptors:a

druggable
pronociceptive

system
.
C
u
rr
O
p
in

Ph
a
rm
a
col1

2:
62-6

[PM
ID

:22136937]

N
egri

L
et

a
l.

(2007)
Bv8/Prokineticin

proteins
and

their
receptors.

Life
Sci.

8
1:

1103-16
[PM

ID
:17881008]

N
gan

ES
et

a
l.

(2008)
Prokineticin-signaling

pathw
ay.

In
t.

J.
Bioch

em
.

C
ell

Biol.
4
0:

1679-84
[PM

ID
:18440852]

P
ro

la
ctin

-re
le
a
sin

g
p
e
p
tid

e
re
ce

p
to
r

G
protein-coupled

receptors
Prolactin-releasing

peptide
receptor

O
v
e
r
v
ie
w
:
The

precursor
(PR

LH
,P81277)

for
PrRP

generates
31

and
20-am

ino-acid
versions.

Q
RFP43

(Q
R
FP,P83859)

(nam
ed

after
a
pyroglutam

ylated
arginine-phenylalanine-am

ide
peptide)

is
a
43

am
ino

acid
peptide

derived
from

Q
RFP

(P83859)
and

is
also

know
n
as

P518
or

26RFa.
RFRP

is
an

RF
am

ide-related
peptide

[756]
derived

from
a
FM

RFam
ide-related

peptide
precursor

(N
PV
F,

Q
9H

C
Q
7),w

hich
is
cleaved

to
generate

neuropeptide
SF

(N
PFF,O

15130),neuropeptide
RFRP-1

(N
PV
F,Q

9H
C
Q
7),neuropeptide

RFRP-2
(N
PV
F,Q

9H
C
Q
7)

and
neuropeptide

RFRP-3
(N
PV
F,Q

9H
C
Q
7)

(neuropeptide
N
PVF).

N
om

enclature
PrRP

receptor

H
G
N
C
,U

niProt
PR
LH
R,P49683

Rank
orderofpotency

PrRP-20
(PR

LH
,P81277),PrRP-31

(PR
LH

,P81277)
[1043]

Endogenous
agonists

PrRP-20
(PR

LH
,P81277)

(Selective)(p
K
i 9–9.6)

[481,1043],PrRP-31
(PR

LH
,P81277)

(Selective)(p
K
i 9–9.2)

[481,1043]

Endogenous
antagonists

neuropeptide
Y
(N
PY,P01303)

(Selective)(p
K
i 5.4)

[1032]

Labelled
ligands

[ 125I]PrRP-20
(hum

an)(Agonist)
(p
K
d
9.2–10.6)[1043],[ 125

I]PrRP31
(Agonist)

[473]

C
o
m

m
e
n
ts:The

orphan
receptor

G
PR
8
3
(Q

9N
YM

4)
show

s
sequence

sim
ilarities

w
ith

N
PFF1,N

PFF2,PrRP
and

Q
RFP

receptors.
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Sam
son

W
K
et
a
l.

(2006)
Prolactin

releasing
peptide

(PrRP):
an

endogenous
regulator

of
cellgrow

th.
Pep

tid
es

2
7:1099-103

[PM
ID

:16500730]
TakayanagiY

et
a
l.(2010)Rolesofprolactin-releasing

peptide
and

RFam
ide

related
peptidesin

the
control

ofstress
and

food
intake.

FEBS
J.
2
7
7:

4998-5005
[PM

ID
:21126313]
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re
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p
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rs

G
protein-coupled

receptors
Prostanoid

receptors

O
v
e
r
v
ie
w
:
Prostanoid

receptors
(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

P
r
o
sta

n
o
id

R
e
c
e
p
to

r
s
[2

0
4
3
])

are
activated

by
the

endogenous
ligands

prostaglandins
PG

D
2
,

PG
E2

,PG
F2

α
,PG

H
2
,prostacyclin

[PG
I2 ]and

throm
boxane

A2
.M

easurem
entofthe

potency
ofPG

I2
and

throm
boxane

A2
is
ham

pered
by

theirinstability
in

physiologicalsaltsolution;they
are

often
replaced

by
cicaprost

and
U
46619,respectively,in

receptorcharacterization
studies.

N
om

enclature
D
P1

receptor
D
P2

receptor
IP

receptor
FP

receptor
TP

receptor

H
G
N
C
,U

niProt
PT
G
D
R,Q

13258
PT
G
D
R
2,Q

9Y5Y4
PT
G
IR,P43119

PT
G
FR,P43088

T
BX
A
2
R,P21731

Rank
orderofpotency

PG
D
2

PG
E2

PG
F2

α
PG

I2 ,throm
boxane

A2
–

PG
I2

PG
D
2
,PG

E2 ,PG
F2

α
throm

boxane
A2

PG
F2

α
PG

D
2

PG
E2

PG
I2 ,throm

boxane
A2

throm
boxane

A2
=
PG

H
2

PG
D
2 ,PG

E2
,PG

F2
α
,PG

I2
Rank

orderofpotency
–

PG
D
2

PG
F2

α
,PG

E2
PG

I2 ,throm
boxane

A2
Agonists

–
13,14-dihydro-15-keto-PG

D
2

(p
K
i 7.4–8.5)

[712,1656,
1815]

iloprost(p
K
i 7.5–8)

[7,2030],
treprostinil(p

K
i 7.5)

[2019]
bim

atoprost(pIC
5
0
5.3)

[2044]
–

Selective
agonists

BW
245C

(p
K
i 8.4–9.4)[171,

2045,2046],L-644,698
(p
K
i

9–9.3)
[ 2045,2046],

SQ
-27986

(p
K
i 8)

[1712],
RS

93520
(Partialagonist)(p

K
i

7.5)[ 1712],ZK118182
(p
K
i

7.3)[1712]

15(R)-15-m
ethyl-PG

D
2
(p
K
i

8.9)[712,1312,1815]
AFP-07

(pIC
5
0
8.5)[288],

BM
Y
45778

(pIC
5
0
8)

[881],
esuberaprost(p

K
d
7.9)

[892],
cicaprost

(p
K
i 7.8)

[7]

fluprostenol(p
K
i 8.6)[7],

latanoprost(free
acid

form
)

(p
K
i 8.6)[7],AL12180

(pEC
5
0

7.7–7.9)[1714],tafluprost
[1843]

I-BO
P
(p
K
d
8.9–9.3)[1233],

U
46619

(p
K
i 7.5)[7],STA2

(pIC
5
0
6.4–7.1)[59]

Antagonists
–

ram
atroban

(p
K
i 7.4)[1815]

–
–

ram
atroban

(p
K
i 8)[1869]

Selective
antagonists

laropiprant(p
K
i 10.1)[1808]

–
U
nknow

n,BW
A868C

(p
K
i

8.6–9.3)[171,606,2045],
S-5751

(p
K
i 8.8)

[54],
O
N
O
-AE3-237

(p
K
i 7.7)

[758,
1895,1897]

C
AY

10471
(pIC

5
0
8.9)[1610,

1927],AZD
1981

(pIC
5
0
8.4)

[1150]

RO
1138452

(p
K
i 8.7)[158],

RO
3244794

(p
A
2
8.5)

[158]
AS604872

(p
K
i 7.5)[346]

ifetroban
(p
K
i 8.4–10)[1426],

vapiprost(p
K
i 8.3–9.4)

[59,
1151],SQ

-29548
(p
K
i

8.1–9.1)[7,1834,2030],
O
N
O
-3708

(p
K
i 7.4–8.9)

[910]

Labelled
ligands

[ 3
H
]PG

D
2
(Agonist)

(p
K
d

7.9–9.5)[2030,2045]
[ 3H

]PG
D
2
(Agonist)(p

K
d

7.8–8.2)[1216,1723]
[ 3
H
]iloprost(Agonist)

(p
K
d

7.7–9)
[7,170,2030]

[ 3
H
]PG

F2
α
(Agonist)(p

K
d

8.1–9)
[7,8,2030],

[ 3
H
](+)-fluprostenol(Agonist)

(p
K
d
7.5)

–
U
nknow

n

[ 125I]SAP
(Antagonist)(p

K
d

7.7–9.3)[1356],[ 125
I]BO

P
(Agonist)(p

K
d
8.7)[1328],

[ 3H
]SQ

-29548
(Antagonist)

(p
K
d
7.4–8.2)

[7,2030]
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N
om

enclature
EP1

receptor
EP2

receptor
EP3

receptor
EP4

receptor

H
G
N
C
,U

niProt
PT
G
ER
1,P34995

PT
G
ER
2,P43116

PT
G
ER
3,P43115

PT
G
ER
4,P35408

Rank
orderofpotency

PG
E2

PG
F2

α
,PG

I2
PG

D
2 ,

throm
boxane

A2
PG

E2
PG

F2
α
,PG

I2
PG

D
2
,

throm
boxane

A2
PG

E2
PG

F2
α
,PG

I2
PG

D
2
,

throm
boxane

A2
PG

E2
PG

F2
α
,PG

I2
PG

D
2
,

throm
boxane

A2
Endogenous

agonists
PG

E1
(p
K
i 6.8)[1713],PG

I2
(p
K
i 4.8)

[ 1713]
PG

E2
(p
K
i 7.5–8.3)[7,1799,2030]

–

Agonists
17-phenyl-

-trinor-PG
E2

(p
K
i 8.1)

[1713]
evatanepag

(pIC
5
0
7.3)[260]–

Rat
m
isoprostol(m

ethylester)(EP3
-III

isoform
)
(p
K
i 6.5)[7]

–

Selective
agonists

O
N
O
-D

I-004
(p
K
i 6.8)

[1826]–
M
ouse

O
N
O
-AE1-259

(p
K
i 8.5)[1826]–

M
ouse,butaprost

(free
acid

form
)
(p
K
i

5.9–7)
[7,1799]

SC
46275

(pEC
5
0
10.4)

[1655]–
G
uinea

pig,M
B-28767

(EP3
-IIIisoform

)
(p
K
i

9.9)[7],O
N
O
-AE-248

(pEC
5
0
5.6–6.7)

[ 534,1140]

L902688
(pEC

5
0
8.1–10.3)[535,1064],

O
N
O
-AE1-437

(p
K
i 9.1)

[1294]–
M
ouse,C

P734432
(pIC

5
0
8.7)[1529],

O
N
O
-AE1-329

(pEC
5
0
7.7–7.8)

[534,
535]

Antagonists
–

–
–

evatanepag
(p
K
i 8.6)[1345],

Selective
antagonists

O
N
O
-8711

(p
K
i 9.2)[1992],

G
W
848687X

(pIC
5
0
8.6)

[605],
SC

-51322
(p
K
i 7.9)

[7]

TG
4-155

(TG
4-155

also
has

affinity
for

the
hum

an
D
P1

receptor(p
Kb

=
7.8))

(p
K
B
8.6)

[865],TG
7-171

(p
K
B
8.6)

[567],PF-04852946
(p
K
B
8.4–8.5)

[920],PF-04418948
(PF-04418948

has
w
eakeraffinity

at
the

EP2-receptorin
guinea-pigs)

(p
K
B
8.3)

[ 153,2136]

L-798,106
(EP3 -IIIisoform

)
(p
K
i

7.8–9.7)[888,890,1810],L-826266
(EP3 -IIIisoform

(pKi =8.04
in

the
presence

ofH
SA))

(p
K
i 9.1)[890],

O
N
O
-AE3-240

(pIC
5
0
8.8)[38]–

M
ouse,D

G
-041

(p
K
i 8.4)[888]

M
K-2894

(p
K
i 9.2)[7,161,350],

O
N
O
-AE3-208

(p
K
i 8.5),BG

C
201531

(p
K
i 7.9)[1230],ER819762

(pIC
5
0
7.2)

[304],G
W

627368
(p
K
i 7–7.1)

[2030,
2031]

Labelled
ligands

[ 3
H
]PG

E2
(Agonist)(p

K
d
7.6–7.9)[7,

1713,2030]
[ 3
H
]PG

E2
(Agonist)

(p
K
d
7.7–7.9)[7,

2030]
[ 3
H
]PG

E2
(Agonist)

(p
K
d
8.2–9.5)

[7,
2030]

[ 3
H
]PG

E2
(Agonist)

(p
K
d
7.6–9.5)

[7,
401,2019,2030]

C
o
m

m
e
n
ts:

ram
atroban

is
an

antagonist
at

both
D
P2

and
TP

re-
ceptors.

W
hilst

cicaprost
is
selective

for
IP

receptors,it
does

exhibit
m
oderate

agonistpotency
atEP4

receptors[7].Apartfrom
IP

recep-
tors,

iloprost
also

binds
to

other
prostanoid

receptors
such

as
EP1

receptors.The
TP

receptorexists
in

α
and

β
isoform

s
due

to
alterna-

tive
splicing

of
the

cytoplasm
ic

tail[ 1566].
The

IP
receptor

agonist
treprostinilbinds

also
to

hum
an

EP2
and

D
P1

receptors
w
ith

high
affinity

(p
Ki 8.44

and
8.36,respectively).

The
EP1

agonist
17-phenyl-

-trinor-PG
E2

also
show

s
agonist

ac-
tivity

at
EP3

receptors.
Butaprost

and
SC

46275
m
ay

require
de-

esterification
w
ithin

tissues
to

attain
fullagonist

potency.
There

is
evidence

for
subtypes

ofFP
[ 1105],

IP
[1851,2037]

and
TP

[1005]
receptors.m

RN
A
for

the
EP1

and
EP3

receptors
undergo

alternative

splicing
to

produce
tw

o
[1441]and

atleastsix
variants,respectively,

w
hich

can
interfere

w
ith

signalling
[1441]orgenerate

com
plex

pat-
terns

of
G
-protein

(G
i/o

,
G
q/11

,
G
s
and

G
12,13

)
coupling

(e.g
.

[997,1370]).The
num

berofEP3
receptor(protein)variantsare

vari-
able

depending
on

species,w
ith

five
in

hum
an,three

in
ratand

three
in

m
ouse.The

possibility
ofadditionalreceptorsforthe

isoprostanes
has

been
suggested

[1531].
Putative

receptor(s)
for

prostam
ide

F
(w

hich
as

yetlack
m
olecularcorrelates)and

w
hich

preferentially
rec-

ognize
PG

F2-1-ethanolam
ide

and
its

analogues
(e.g.

Bim
atoprost)

have
been

identified,
together

w
ith

m
oderate-potency

antagonists
(e.g

.AG
N

211334)
[2042].

The
free

acid
form

ofAL-12182,AL12180,used
in
in
vitro

studies,has
a
EC

50
value

of15nM
w
hich

is
the

concentration
ofthe

com
pound

giving
half-m

axim
al

stim
ulation

of
inositol

phosphate
turnover

in
H
EK-293

cells
expressing

the
hum

an
FP

receptor[1714].
References

given
alongside

the
TP

receptor
agonists

I-BO
P
[ 1233]

and
STA2

[59]use
hum

an
platelets

as
the

source
ofTP

receptors
for

com
petition

radio-ligand
binding

assays
to

determ
ine

the
indicated

activity
values.

Pharm
acological

evidence
for

a
second

IP
receptor,

denoted
IP2 ,

in
the

central
nervous

system
[ 1851,

1994]
and

in
the

BEAS-2B
hum

an
airw

ay
epithelial

cell
line

[2033]
is

available.
This

recep-
tor

is
selectively

activated
by

15R-17,18,19,20-tetranor-16-m
-tolyl-

isocarbacyclin
(15R-TIC

)
and

15R-D
eoxy

17,18,19,20-tetranor-16-
m
-tolyl-isocarbacyclin

(15-deoxy-TIC
).

H
ow

ever,
m
olecular

biolog-
icalevidence

for
the

IP2
subtype

is
currently

lacking.
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Fu
rth

e
r
R
e
a
d
in
g

BillotX
et
a
l.(2003)D

iscovery
ofa

potentand
selective

agonistofthe
prostaglandin

EP4
receptor.

Bioorg
.

M
ed
.
C
h
em

.
Lett.

1
3:

1129-32
[PM

ID
:12643927]

Félétou
M
et
a
l.(2010)Vasoconstrictorprostanoids.

Pflu
g
ers

A
rch

.
4
5
9:

941-50
[PM

ID
:20333529]

Félétou
M
et
a
l.(2010)The

throm
boxane/endoperoxide

receptor(TP):the
com

m
on

villain.
J.C

a
rd
iova

sc.
Ph
a
rm
a
col.

5
5:

317-32
[PM

ID
:20422736]

SchuligoiR
et
a
l.(2010)C

RTH
2
and

D
-type

prostanoid
receptorantagonists

as
noveltherapeutic

agents
for

inflam
m
atory

diseases.
Ph
a
rm
a
colog

y
8
5:

372-82
[PM

ID
:20559016]

W
oodw

ard
D
F
et
a
l.

(2011)
Internationalunion

of
basic

and
clinical

pharm
acology.

LX
X
X
III:

classi-
fication

of
prostanoid

receptors,
updating

15
years

of
progress.

Ph
a
rm
a
col.

R
ev.

6
3:

471-538
[PM

ID
:21752876]

Yang
C
et
a
l.

(2011)
Prostaglandin

E
receptors

as
inflam

m
atory

therapeutic
targets

for
atherosclerosis.

Life
Sci.

8
8:

201-5
[PM

ID
:21112342]

af
Forselles

KJ
et
a
l.

(2011)
In

vitro
and

in
vivo

characterization
of

PF-04418948,
a
novel,

potent
and

selective
prostaglandin

EP_2
receptorantagonist.

Br.
J.
Ph
a
rm
a
col.

1
6
4:

1847-56
[PM

ID
:21595651]

P
ro

te
in
a
se
-a
ctiva

te
d
re
ce

p
to
rs

G
protein-coupled

receptors
Proteinase-activated

receptors

O
v
e
r
v
ie
w
:

Proteinase-activated
receptors

(PARs,
n
o
m

e
n
c
la

-
tu

r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

P
r
o
te

in
a
se

-a
c
tiv

a
te

d
R
e
c
e
p
to

r
s
[ 7

7
0
])

are
unique

m
em

bers
of

the
G
PC

R
superfam

ily
activated

by
proteolytic

cleavage
of

their
am

ino
term

inal
exodom

ains.
Agonist

proteinase-induced
hydrol-

ysis
unm

asks
a
tethered

ligand
(TL)

at
the

exposed
am

ino
term

i-
nus,

w
hich

acts
intram

olecularly
at

the
binding

site
in

the
body

of

the
receptor

to
effect

transm
em

brane
signalling.

TL
sequences

at
hum

an
PAR1-4

are
SFLLRN

-N
H
2
,
SLIG

KV-N
H
2 ,

TFRG
AP-N

H
2

and
G
YPG

Q
V-N

H
2 ,respectively.

W
ith

the
exception

ofPAR3,these
syn-

thetic
peptide

sequences
(as

carboxylterm
inalam

ides)
are

able
to

act
as

agonists
at

their
respective

receptors.
Severalproteinases,in-

cluding
neutrophilelastase,cathepsin

G
and

chym
otrypsin

can
have

inhibitory
effects

at
PAR1

and
PAR2

such
that

they
cleave

the
ex-

odom
ain

ofthe
receptorw

ithoutinducing
activation

ofG
αq-coupled

calcium
signalling,thereby

preventing
activation

by
activating

pro-
teinases

but
not

by
agonist

peptides.
N
eutrophilelastase

cleavage
ofPAR2

can
how

everactivate
M
AP

kinase
signaling

by
exposing

a
TL

thatis
differentfrom

the
one

revealed
by

trypsin
[1553].The

role
of

such
an

action
in
vivo

is
unclear.

N
om

enclature
PAR1

PAR2
PAR3

PAR4

H
G
N
C
,U

niProt
F2
R,P25116

F2
R
L1,P55085

F2
R
L2,O

00254
F2
R
L3,Q

96RI0

Agonist
proteases

throm
bin

(F2,P00734),activated
protein

C
(PR

O
C,P04070),m

atrix
m
etalloproteinase

1
(M
M
P1,P45452),m

atrix
m
etalloproteinase

13
(M
M
P1
3,P45452)

[70]

Trypsin,tryptase,TF/VIIa,X
a

throm
bin

(F2,P00734)
throm

bin
(F2,P00734),trypsin,

cathepsin
G

(C
T
SG

,P08311)

Selective
agonists

TFLLR-N
H
2
(pEC

5
0
5.4)[340]

G
B110

(pEC
5
0
6.5)[98],

2-furoyl-LIG
RLO

-am
ide

(p
K
i 5.4)

[1243],
SLIG

KV-N
H
2
[1069],SLIG

RL-N
H
2
[1069]

–
AYPG

KF-N
H
2,G

YPG
KF-N

H
2,

G
YPG

Q
V-N

H
2
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(continued)

N
om

enclature
PAR1

PAR2
PAR3

PAR4

Selective
antagonists

vorapaxar
(p
K
i 8.1)[281],atopaxar

(pIC
5
0
7.7)

[978],RW
J-56110

(pIC
5
0
6.4)[48]

G
B88

(pIC
5
0
5.7)[1813],P2pal18s

[1705]
–

–

Labelled
ligands

[ 3H
]haTRAP

(Agonist)
(p
K
d
7.8)

[15]
2-furoyl-LIG

RL[N
-(Alexa

Fluor594)-O
]-N

H
2

(Agonist)[771],
2-furoyl-LIG

RL[N
[ 3H

]propionyl]-O
-N

H
2
(Agonist)

[771],[ 3
H
]2-furoyl-LIG

RL-N
H
2
(Selective

Agonist)
[903],
trans-cinnam

oyl-LIG
RLO

[N
-[ 3H

]propionyl]-N
H
2

(Agonist)[28]

–
–

C
om

m
ents

TFLLR-N
H
2
is
selective

relative
to

the
PAR2

receptor[155,915].
2-Furoyl-LIG

RLO
-N

H
2
activity

w
as

m
easured

via
calcium

m
obilisation

in
H
EK

293
cells

w
hich

constitutively
coexpress

hum
an

PAR1
and

PAR2 .

–
–

C
o
m

m
e
n
ts:throm

bin
(F2,P00734)

is
inactive

at
the

PAR2
receptor.

Endogenousserine
proteases

(EC
3.4.21.)

active
atthe

proteinase-activated
receptors

include: throm
bin

(F2,P00734),generated
by

the
action

ofFactorX
(F1

0,P00742)on
liver-derived

prothrom
bin

(F2,P00734);
trypsin,generated

by
the

action
of

enterokinase
(T
M
PR
SS1

5,
P98073)

on
pancreatic-derived

trypsinogen
(PR

SS1,
P07477);

tryptase,a
fam

ily
ofenzym

es
(α/β1

T
PSA

B1,
Q
15661

;
γ1

T
PSG

1,
Q
9N

RR2;
1
T
PSD

1,
Q
9BZJ3)

secreted
from

m
ast

cells;cathepsin
G

(C
T
SG

,P08311)
generated

from
leukocytes;liver-derived

protein
C

(PR
O
C,P04070)

generated
in

plasm
a
by

throm
bin

(F2,P00734)
and

m
atrix

m
etalloproteinase

1
(M
M
P1,P45452).

Fu
rth

e
r
R
e
a
d
in
g

Adam
s
M
N
et
a
l.
(2011)

Structure,function
and

pathophysiology
ofprotease

activated
receptors.

Ph
a
r-

m
a
col.

T
h
er.

1
3
0:

248-82
[PM

ID
:21277892]

C
anto

I
et
a
l.
(2012)

Allosteric
m
odulation

ofprotease-activated
receptor

signaling.
M
in
i
R
ev
M
ed

C
h
em

1
2:

804-11
[PM

ID
:22681248]

G
arcía

PS
et
a
l.

(2010)
The

role
of

throm
bin

and
protease-activated

receptors
in

pain
m
echanism

s.
T
h
rom

b
.
H
a
em

ost.
1
0
3:

1145-51
[PM

ID
:20431855]

H
ollenberg

M
D
et
a
l.(2002)InternationalU

nion
ofPharm

acology.X
X
VIII.Proteinase-activated

receptors.
Ph
a
rm
a
col.

R
ev.

5
4:203-17

[PM
ID

:12037136]

Ram
achandran

R
et
a
l.
(2012)

Targeting
proteinase-activated

receptors:
therapeutic

potentialand
chal-

lenges.
N
a
t
R
ev
D
ru
g
D
iscov

1
1:

69-86
[PM

ID
:22212680]

Soh
U
J
et
a
l.(2010)

Signaltransduction
by

protease-activated
receptors.

Br.
J.
Ph
a
rm
a
col.

1
6
0:

191-203
[PM

ID
:20423334]

Vergnolle
N
.(2009)

Protease-activated
receptors

as
drug

targets
in

inflam
m
ation

and
pain.

Ph
a
rm
a
col.

T
h
er.

1
2
3:

292-309
[PM

ID
:19481569]
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Q
R
FP

re
ce

p
to
r

G
protein-coupled

receptors
Q
RFP

receptor

O
v
e
r
v
ie
w
:
The

hum
an

gene
encoding

the
Q
RFP

receptor
(Q

RFPR,
also

know
n
as

the
peptide

P518
receptor),

previously
designated

as
an

orphan
G
PC

R
receptor

w
as

identified
in

2001
by

Lee
et
a
l.

from
a

hypothalam
us

cD
N
A
library

[1066].H
ow

ever,the
reported

cD
N
A
(AF411117)is

a
chim

era
w
ith

bases
1-127

derived
from

chrom
osom

e
1
and

bases
155-1368

derived
from

chrom
osom

e
4.W

hen
corrected,Q

RFPR
(also

referred
to

as
SP9155

orAQ
27)encodesa

431
am

ino
acid

protein
thatsharessequence

sim
ilaritiesin

the
transm

em
brane

spanning
regionsw

ith
otherpeptide

receptors.These
include

neuropeptide
FF2

(38%
),

neuropeptide
Y2

(37%
)
and

galanin
G
alR1

(35%
)
receptors.

N
om

enclature
Q
RFP

receptor

H
G
N
C
,U

niProt
Q
R
FPR,Q

96P65

Endogenous
agonists

Q
RFP43

(Q
R
FP,P83859)

(pIC
5
0
7.8–9.3)

[557,1850]–
Rat,Q

RFP26
(Q
R
FP)

(pEC
5
0
8.2)

[867]

Labelled
ligands

[ 125I]Q
RFP43

(hum
an)(Agonist)

(p
K
d
7.8–10.3)

[557,1017,1850]

C
o
m

m
e
n
ts:The

orphan
receptor

G
PR
8
3
(9N

YM
4)

show
s
sequence

sim
ilarities

w
ith

the
Q
RFP

receptor,as
w
ellas

w
ith

the
N
PFF1,N

PFF2,and
PrRP

receptors.

Fu
rth

e
r
R
e
a
d
in
g

Fukusum
iS

et
a
l.(2006)Recentadvances

in
m
am

m
alian

RFam
ide

peptides:the
discovery

and
functional

analyses
ofPrRP,RFRPs

and
Q
RFP.

Pep
tid
es

2
7:

1073-86
[PM

ID
:16500002]

R
e
la
x
in

fa
m
ily

p
e
p
tid

e
re
ce

p
to
rs

G
protein-coupled

receptors
Relaxin

fam
ily

peptide
receptors

O
v
e
r
v
ie
w
:
Relaxin

fam
ily

peptide
receptors

(RX
FP,

n
o
m

e
n
c
la

-
tu

r
e
a
s
a
g
r
e
e
d

b
y
th

e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

R
e
-

la
x
in

fa
m

ily
p
e
p
tid

e
r
e
c
e
p
to

r
s
[1

0
5
,
6
7
7
])

m
ay

be
divided

into
tw

o
pairs,RX

FP1/2
and

RX
FP3/4.Endogenousagonists

atthese
receptors

are
a
num

ber
of

heterodim
eric

peptide
horm

ones
analo-

gous
to

insulin:
relaxin-1

(R
LN
1,

P04808),
relaxin

(R
LN
2,

P04090),
relaxin-3

(R
LN
3,

Q
8W

X
F3)

(also
know

n
as

IN
SL7),

insulin-like
pep-

tide
3
( IN

SL3
(IN

SL3,P51460))
and

IN
SL5

(IN
SL5,Q

9Y5Q
6).

Species
hom

ologues
ofrelaxin

have
distinct

pharm
acology

-relaxin
(R
LN
2,

P04090)
interacts

w
ith

RX
FP1,

RX
FP2

and
RX

FP3,
w
hereas

m
ouse

and
rat

relaxin
selectively

bind
to

and
activate

RX
FP1

[1686]
and

porcine
relaxin

m
ay

have
a
higher

efficacy
than

hum
an

relaxin
(R
LN
2,

P04090)
[678].

Relaxin-3
(R
LN
3,

Q
8W

X
F3)

has
differential

affinity
for

RX
FP2

receptors
betw

een
species;

m
ouse

and
rat

RX
FP2

have
a
higheraffinity

for
relaxin-3

(R
LN
3,Q

8W
X
F3)

[1685].At
least

tw
o
binding

sites
have

been
identified

on
the

RX
FP1

and
RX

FP2
re-

ceptors:
a
high-affinity

site
in

the
leucine-rich

repeat
region

of
the

ectodom
ain

and
a
som

ew
hat

low
er-affinity

site
located

in
the

sur-
face

loops
ofthe

transm
em

brane
dom

ain
[678,1812].

The
unique

N
-term

inalLD
La

m
odule

ofRX
FP1

and
RX

FP2
isessentialforreceptor

signalling
[1687].
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N
om

enclature
RX

FP1
receptor

RX
FP2

receptor
RX

FP3
receptor

RX
FP4

receptor

H
G
N
C
,U

niProt
R
X
FP1,Q

9H
BX

9
R
X
FP2,Q

8W
X
D
0

R
X
FP3,Q

9N
SD

7
R
X
FP4,Q

8TD
U
9

Rank
orderofpotency

relaxin
(R
LN
2,P04090)

=
relaxin-1

(R
LN
1,P04808)

relaxin-3
(R
LN
3,

Q
8W

X
F3)

[1812]

IN
SL3

(IN
SL3,P51460)

relaxin
(R
LN
2,P04090)

relaxin-3
(R
LN
3,

Q
8W

X
F3)

[1022,1812]

relaxin-3
(R
LN
3,Q

8W
X
F3)

relaxin-3
(B

chain)(R
LN
3,Q

8W
X
F3)

relaxin
(R
LN
2,P04090)

[1119]

IN
SL5

(IN
SL5,Q

9Y5Q
6)

=
relaxin-3

(R
LN
3,Q

8W
X
F3)

relaxin-3
(B

chain)
(R
LN
3,Q

8W
X
F3)

[1117,1118]

Endogenous
antagonists

–
–

IN
SL5

(IN
SL5,Q

9Y5Q
6)

(p
K
i 7)

[2129]
–

Antagonists
B-R13/17K

H
2
relaxin

(pEC
5
0

5.7–6.7)
[788,1382],LG

R7-truncate
[1687]

–
R3(B

23-27)R/I5
chim

eric
peptide

(pIC
5
0
9.2)

[1018]
R3(B

23-27)R/I5
chim

eric
peptide

(pIC
5
0
8–8.6)

[714,1018]

Selective
antagonists

–
A(9-26)IN

SL3
(p
K
i 9.1)

[787],
A(10-24)IN

SL3
(p
K
i 8.7)

[787],
A(C

10/15S)IN
SL3

(p
K
i 8.6)[2118],

IN
SL3

B
chain

dim
eranalogue

8
(p
K
i

8.5)[1710],A(
10/15C

)IN
SL3

(p
K
i

8.3)[2118],
cyclic

IN
SL3

B-chain
analogue

6
(p
K
i

6.7)[1708],IN
SL3

B-chain
analogue

(p
K
i 5.1)[411],

(des
1-8)A-chain

IN
SL3

analogue
[253]

m
inim

ised
relaxin-3

analogue
3
(p
K
i

7.6)[1706],R3-B1-22R
(pIC

5
0
7.4)

[714]

m
inim

ised
relaxin-3

analogue
3

(pIC
5
0
6.6)[1706]

Selective
allosteric

m
odulators

M
L290

(Agonist)(pEC
5
0
7)

[2057,
2060]

–
–

–

Labelled
ligands

[ 33
P]relaxin

(hum
an)(Agonist)

(p
K
d

9.3–9.7)
[678,1812],

[ 125
I]relaxin

(hum
an)(Agonist)

[ 125I]IN
SL3

(hum
an)(Agonist)

(p
K
d

10)
[1340],[ 33P]relaxin

(hum
an)

(Agonist)(p
K
d
9–9.2)

[678,1812]

[ 125I]relaxin-3
(hum

an)(Agonist)
(p
K
d
9.5)

[1119],
[ 125I]relaxin-3-B/IN

SL5
A
chim

era
(Agonist)(p

K
d
9.3)[1117]

[ 125I]relaxin-3
(hum

an)(Agonist)
(p
K
d
8.7–9.7)

[1118],
[ 125I]relaxin-3-B/IN

SL5
A
chim

era
(Agonist)(p

K
d
8.9)[1117],

europium
-labelled

IN
SL5

(p
K
d
8.3)

[714]

C
om

m
ents

europium
-labelled

relaxin
is
a

fluorescentligand
for

this
receptor

(Kd
=0.5nM

)[ 1707].

europium
-labelled

IN
SL3

is
a

fluorescentligand
for

this
receptor

(Kd
=1nM

)[ 1709].

europium
-labelled

relaxin-3-B/IN
SL5

A
chim

era
and

R3-B1-22R
are

fluorescent
ligands

for
this

receptor(Kd
=5nM

and
28nM

)[714,715].

europium
-labelled

relaxin-3-B/IN
SL5

A
chim

era
is
a
fluorescentprobe

at
this

receptor
(Kd

=5nM
)
[714].

europium
-labelled

m
ouse

IN
SL5

is
a

fluorescentligand
at

this
receptor

(Kd
=5nM

)
[ 120].

C
o
m

m
e
n
ts:Relaxin

has
recently

successfully
com

pleted
a
Phase

III
clinicaltrialfor

the
treatm

ent
of

acute
heart

failure.
48

hr
infusion

of
relaxin

reduced
dyspnoea

and
180

day
m
ortality

[ 1262].
Sm

all
m
olecule

agonists
active

at
RX

FP1
receptors

have
been

developed
[1718,

2060],
and

one
of

these
(M

L290)
is
an

allosteric
agonist

at

RX
FP1

[2060].
The

antifibrotic
actions

ofrelaxin
are

dependent
on

the
angiotensin

receptorAT2 ,are
absentin

AT2
knockoutm

ice,and
are

associated
w
ith

heterodim
erform

ation
betw

een
RX

FP1
and

AT2
[330 ].

M
utations

in
IN
SL3

and
LG
R
8
(RX

FP2)
have

been
reported

in
populations

ofpatients
w
ith

cryptorchidism
[ 512].N

um
erous

splice

variants
ofthe

hum
an

RX
FP1

and
RX

FP2
receptorshave

been
identi-

fied,m
ostofw

hich
do

notbind
relaxin

fam
ily

peptides[1340 ].Splice
variants

ofRX
FP1

encoding
the

N
-term

inalLD
La

m
odule

act
as

an-
tagonists

ofRX
FP1

signalling
[1685 ,1687 ].cAM

P
elevation

appears
to

be
a
m
ajor

signalling
pathw

ay
for

RX
FP1

and
RX

FP2
[ 795,

796],
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butRX
FP1

also
activatesM

AP
kinases,nitric

oxide
signalling,tyrosine

kinase
phosphorylation

and
relaxin

can
interact

w
ith

glucocorticoid
receptors

[ 681].
RX

FP1
signalling

involves
lipid

rafts,residues
in

the
C
-term

inus
ofthe

receptorand
activation

ofphosphatidylinositol-3-
kinase

[682].
M
ore

recent
studies

provide
evidence

that
RX

FP1
is

pre-assem
bled

in
signalosom

esw
ith

othersignalling
proteinsinclud-

ing
G
αs ,G

β
γ
and

adenylylcyclase
2
thatdisplay

constitutive
activity

and
are

exquisitely
sensitive

to
sub-picom

olar
concentrations

ofre-
laxin

[ 679].
The

cyclic
AM

P
signalling

pattern
is
highly

dependent
on

the
celltype

in
w
hich

RX
FP1

is
expressed

[ 680].
The

receptor
expression

profiles
suggested

that
RX

FP3
w
as

a
neu-

ropeptide
receptor

and
RX

FP4
a
gut

horm
one

receptor.
Studies

in
rats

and
m
ice

(including
w
ildtype,

and
relaxin-3

and
RX

FP3
gene-

deletion
strains

[671,782,1759,1971]have
revealed

putative
roles

for
the

relaxin-3/RX
FP3

system
in

the
m
odulation

of
feeding

[ 564,
566,714,1706,1760],anxiety

[1618,2114],and
rew

ard
and

m
o-

tivated,goal-directed
behaviours

[ 782,
1619,

1971],
particularly

in
relation

to
the

integration
ofstress

and
corticotrophin-releasing

fac-
torsignalling

[ 1162],w
ith

im
plicationsforthe

therapeutic
treatm

ent

of
clinicalanxiety,

depression,
eating

disorders
and

addiction
(see

[ 565,
1761]

for
review

).
Relaxin-3

(R
LN
3,

Q
8W

X
F3)

acts
as

an
ag-

onist
at

both
RX

FP3
and

RX
FP4

w
hereas

IN
SL5

(IN
SL5,

Q
9Y5Q

6)
is

an
agonist

at
RX

FP4
and

a
w
eak

antagonist
at

RX
FP3.

U
nlike

RX
FP1

and
RX

FP2
both

RX
FP3

and
RX

FP4
are

encoded
by

a
single

exon
and

therefore
no

splice
variants

exist.
The

rat
RX

FP3
sequence

has
tw

o
potential

start
codons

that
encode

RX
FP3L

and
RX

FP3S
w
ith

the
longer

variant
having

an
additional7

am
ino-acids

at
the

N
-term

inus.
It

is
not

know
n
w
hich

variant
is

expressed.
Rat

and
dog

RX
FP4

sequences
are

pseudogenes
[2027].

Recentstudies
sug-

gest
that

IN
SL5

is
an

incretin
secreted

from
enteroendocrine

L
cells

and
that

the
IN

SL5/RX
FP4

system
has

roles
in

controlling
food

in-
take

and
glucose

hom
eostasis

[652].
RX

FP3
couples

to
G
i/o

and
inhibits

adenylylcyclase
[1119,2144],and

also
causes

Erk1/2
phos-

phorylation
[ 2144].Relatively

little
is
know

n
about

RX
FP4

signalling
but

like
RX

FP3
it
couples

to
inhibitory

G
i/o

G
-proteins

[1120].
Re-

cent
studies

suggest
that

relaxin
(R
LN
2,P04090)

also
interacts

w
ith

RX
FP3

to
cause

a
pattern

of
activation

of
signalling

pathw
ays

that
are

a
subset

of
those

activated
by

relaxin-3
(R
LN
3,

Q
8W

X
F3).

The

tw
o
patterns

of
signaling

observed
in

severalcelltypes
expressing

RX
FP3

are
strong

inhibition
of

forskolin-stim
ulated

cyclic
AM

P
ac-

cum
ulation,

ERK1/2
activation

and
nuclear

factor
N
F

-B
reporter

gene
activation

w
ith

relaxin-3
(R
LN
3,

Q
8W

X
F3),

and
w
eaker

activ-
ity

w
ith

relaxin
(R
LN
2,P04090),porcine

relaxin,or
insulin-like

pep-
tide

3
( IN

SL3
(IN

SL3,
P51460))

and
a
strong

stim
ulation

of
activa-

tor
protein

(AP)-1
reporter

genes
w
ith

relaxin
(R
LN
2,P04090),and

w
eakeractivation

w
ith

relaxin-3
(R
LN
3,Q

8W
X
F3)

orporcine
relaxin

[2144].
Thus

at
RX

FP3,
relaxin

(R
LN
2,

P04090)
is

a
biased

ligand
com

pared
to

the
cognate

ligand
relaxin-3

(R
LN
3,

Q
8W

X
F3).

Tw
o

pharm
acologically

distinct
ligand

binding
sites

w
ere

also
identified

on
RX

FP3-expressing
cells

using
[ 125

I]relaxin-3-B/IN
SL5

A
chim

era
w
hich

binds
w
ith

high
affinity

and
displays

com
petition

by
relaxin-3

(R
LN
3,Q

8W
X
F3)

or
a
relaxin-3

(B
chain)

(R
LN
3,Q

8W
X
F3)

peptide,
and

[ 125
I]relaxin

(hum
an)

w
hich

displays
com

petition
by

relaxin
(R
LN
2,

P04090),
relaxin-3

(R
LN
3,

Q
8W

X
F3),

or
IN

SL3
(IN

SL3,
P51460)

and
w
eakly

by
porcine

relaxin.
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e
r
R
e
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S
o
m
a
to
sta

tin
re
ce

p
to
rs

G
protein-coupled

receptors
Som

atostatin
receptors

O
v
e
r
v
ie
w
:
Som

atostatin
(som

atotropin
release

inhibiting
factor)

is
an

abundant
neuropeptide,

w
hich

acts
on

five
subtypes

of
so-

m
atostatin

receptor
(sst1

-sst5
;
n
o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

S
o
m

a
to

sta
tin

R
e
c
e
p
-

to
r
s
[7

9
0
]).

Activation
of

these
receptors

produces
a
w
ide

range

of
physiological

effects
throughout

the
body

including
the

inhibi-
tion

ofsecretion
ofm

any
horm

ones.
The

relationship
ofthe

cloned
receptors

to
endogenously

expressed
receptors

is
not

yet
w
ell

es-
tablished

in
som

e
cases.

Endogenous
ligands

for
these

receptors
are

som
atostatin-14

(SRIF-14
(SST,

P61278))
and

som
atostatin-28

(SRIF-28
(SST,

P61278)).
C
ortistatin-14

{M
ouse,Rat}

has
also

been
suggested

to
be

an
endogenous

ligand
for

som
atostatin

receptors
[ 404].
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N
om

enclature
sst1

receptor
sst2

receptor
sst3

receptor
sst4

receptor
sst5

receptor

H
G
N
C
,U

niProt
SST

R
1,P30872

SST
R
2,P30874

SST
R
3,P32745

SST
R
4,P31391

SST
R
5,P35346

Agonists
pasireotide

(pIC
5
0
8)

[1669]
vapreotide

(p
K
i 8.3–10.1)[233,

1474],pasireotide
(pIC

5
0
9)

[1669]

pasireotide
(pIC

5
0
8.8)

[1669],
vapreotide

(p
K
i 7.4–7.9)

[233,
1474,1738]

N
N
C
269100

(p
K
i 8.2)[1132]

pasireotide
(pIC

5
0
9.8)[1669],

vapreotide
(p
K
i 7.3–9.2)[233,

1265,1474,1736,1737,1738]

Selective
agonists

L-797,591
(p
K
i 8.8)

[1595],
D
es-Ala 1,2,5

-[D
-Trp 8

,
IAm

p 9
]SRIF

(pIC
5
0
7.5)[484]

L-054,522
(p
K
i 11)

[2084],
BIM

23027
(pIC

5
0
10.9)

[271],
seglitide

(p
K
i 8.8–10.3)

[233,
1474,1736,1737,1738,2084],
octreotide

(p
K
i 8.7–9.9)

[233,
1474,1736,1737,1738,2084]

L-796,778
(p
K
i 7.6)[1595]

L-803,087
(p
K
i 9.2)

[1595]
BIM

23052
(p
K
i 7.4–9.6)[1265,

1736,1737,1738],L-817,818
(p
K
i 9.4)

[1595],BIM
23268

(p
K
i

8.7)
[ 1265]

Selective
antagonists

SRA880
(p
K
d
8–8.1)

[792]
[D

-Tyr 8
]C

YN
154806

(p
K
d

8.1–8.9)
[1412]

N
VP

AC
Q
090

(p
K
i 7.9)

[793]
–

–

Labelled
ligands

–
[ 125

I]Tyr 3
SM

S
201-995

(Agonist)
(p
K
d
9.9)[1736,1737],

[ 125
I]BIM

23027
(Agonist)

(pIC
5
0

9.7)
[772]–

Rat

–
–

[ 125
I]Tyr 3

SM
S
201-995

(Agonist)
(p
K
d
9.6)

[1736,1737]

C
om

m
ents

–
–

Troxler
et
a
l.(2010)

describe
the

identification
ofnon-peptidic,

subtype-selective
sst3

receptor
antagonists

[ 1907].

–
–

C
o
m

m
e
n
ts:

[ 125I]Tyr 11-SRIF-14,
[ 125

I]LTT-SRIF-28,
[ 125

I]C
G
P
23996

and
[ 125

I]Tyr 10-C
ST14

m
ay

be
used

to
labelsom

atostatin
receptors

nonselectively.
A
num

ber
of

nonpeptide
subtype-selective

agonists
have

been
synthesised

[1595].A
novelpeptide

som
atostatin

analogue,som
atoprim

,has
affinity

for
sst2

,sst4
and

sst5
receptors

and
is
a
potentinhibitorofG

H
secretion

[1514,1726].

Fu
rth

e
r
R
e
a
d
in
g

Ben-Shlom
o
A
et
a
l.

(2010)
Pituitary

som
atostatin

receptor
signaling.

Tren
d
s
En
d
ocrin

ol.
M
eta

b
.
2
1:

123-33
[PM

ID
:20149677]

C
olao

A
et
a
l.

(2011)
Resistance

to
som

atostatin
analogs

in
acrom

egaly.
En
d
ocr.

R
ev.

3
2:

247-71
[PM

ID
:21123741]

C
saba

Z
et
a
l.
(2012)

M
olecularm

echanism
s
ofsom

atostatin
receptortrafficking.

J.
M
ol.

En
d
ocrin

ol.
4
8:

R1-12
[PM

ID
:22159161]

H
oyer

D
et
a
l.

(2000)
Som

atostatin
receptors.

In
T
h
e
IU
PH
A
R
C
om

p
en
d
iu
m
of
R
ecep

tor
C
h
a
ra
cteriza

tion
a
n
d
C
la
ssifica

tion
,
2
n
d
ed
n
.Edited

by
W
atson

SP,G
irdlestone

D
:IU

PH
AR

M
edia:354-364

Schulz
S
et
a
l.
(2014)

Fine-tuning
som

atostatin
receptorsignalling

by
agonist-selective

phosphorylation
and

dephosphorylation:IU
PH

AR
Review

5.
Br.

J.
Ph
a
rm
a
col.

1
7
1:

1591-9
[PM

ID
:24328848]

ZatelliM
C
et
a
l.
(2009)

The
significance

ofnew
som

atostatin
analogs

as
therapeutic

agents.
C
u
rr
O
p
in

In
vestig

D
ru
g
s
1
0:1025-31

[PM
ID

:19777390]
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S
u
ccin

a
te

re
ce

p
to
r

G
protein-coupled

receptors
Succinate

receptor

O
v
e
r
v
ie
w
:
N
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y
N
C
-IU

P
H
A
R

[3
9
6
].

N
om

enclature
succinate

receptor

H
G
N
C
,U

niProt
SU
C
N
R
1,Q

9BX
A5

Endogenous
agonists

succinic
acid

(pEC
5
0
3.1–4.7)

[728,1785]

Ta
ch

ykin
in

re
ce

p
to
rs

G
protein-coupled

receptors
Tachykinin

receptors

O
v
e
r
v
ie
w
:
Tachykinin

receptors
(p

r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e

a
s
r
e
c
o
m

m
e
n
d
e
d

b
y
N
C
-IU

P
H
A
R

[5
3
0
])

are
activated

by
the

endogenouspeptidessubstance
P
(TA

C
1,P20366)(SP),neurokinin

A
(TA

C
1,P20366)

(N
KA;previously

know
n
as

substance
K,neurokinin

α,
neurom

edin
L),

neurokinin
B
(TA

C
3,

Q
9U

H
F0)

(N
KB;

previously

know
n

as
neurokinin

β,
neurom

edin
K),

neuropeptide
K

(TA
C
1,

P20366)and
neuropeptide

γ(TA
C
1,P20366)(N

-term
inally

extended
form

s
of

neurokinin
A).

The
neurokinins

(A
and

B)
are

m
am

m
alian

m
em

bers
ofthe

tachykinin
fam

ily,w
hich

includes
peptides

ofm
am

-
m
alian

and
nonm

am
m
alian

origin
containing

the
consensus

se-

quence:
Phe-x-G

ly-Leu-M
et.

M
arked

species
differences

in
in
vitro

pharm
acology

existforallthree
receptors,in

the
contextofnonpep-

tide
ligands.

N
om

enclature
N
K1

receptor
N
K2

receptor
N
K3

receptor

H
G
N
C
,U

niProt
TA
C
R
1,P25103

TA
C
R
2,P21452

TA
C
R
3,P29371

Rank
orderofpotency

substance
P
(TA

C
1,P20366)

neurokinin
A
(TA

C
1,

P20366)
neurokinin

B
(TA

C
3,Q

9U
H
F0)

neurokinin
A
(TA

C
1,P20366)

neurokinin
B

(TA
C
3,Q

9U
H
F0)

substance
P
(TA

C
1,P20366)

neurokinin
B
(TA

C
3,Q

9U
H
F0)

neurokinin
A

(TA
C
1,P20366)

substance
P
(TA

C
1,P20366)

Agonists
substance

P-O
M
e
(pIC

5
0
7.4–7.5)[1882]

–
–

Selective
agonists

[Sar 9
,M

et(O
2 ) 11

]SP
(pIC

5
0
9.7–9.9)[1882],

septide
(p
K
i 7–9.3)

[125,711],[Pro 9]SP
(pIC

5
0

8.6)
[1896]–

Rat

[Lys 5
,M

e-Leu 9,N
le 10]N

KA-(4-10)
(pIC

5
0
8.8–9.4)

[1229]–
Rat,G

R64349
(pEC

5
0
8.4)

[407]–
Rat,

[βAla 8
]neurokinin

A-(4-10)(p
K
d
6)

[477]

[Phe(M
e) 7]neurokinin

B
(p
K
i 8.7–9.6)[1644,

1645],senktide
(p
K
i 7.1–8.6)

[1644,1645,1882]
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(continued)

N
om

enclature
N
K1

receptor
N
K2

receptor
N
K3

receptor

Selective
antagonists

aprepitant(p
K
i 10.1)

[673,674],lanepitant(p
K
i

9.8–10)
[ 613],lanepitant(pIC

5
0
9.8)[798],

C
P
99994

(p
K
i 9.3–9.7)[50,1645],casopitant

(p
K
i 9.4)

[798,1905],vestipitant(p
K
i 9.4)

[221,
418],nolpitantium

(pIC
5
0
8.9–9)[1882],RP67580

(pIC
5
0
7.7)[528]

G
R94800

(p
K
i 9.8)[200],saredutant(p

K
i 9.4–9.7)

[ 50,477,1645],G
R
159897

(p
K
d
7.8–9.5)

[133,
477,1770],M

EN
10627

(p
K
i 9.2)

[603],
nepadutant(p

K
i 8.5–8.7)[272,343]

osanetant(p
K
i 8.4–9.7)

[50,110,342,476,898,
1450,1644,1645,1882],talnetant(p

K
i 7.4–9)

[129,604,1644,1645],PD
157672

(pIC
5
0

7.8–7.9)[165,1882]

Labelled
ligands

[ 125
I]L703,606

(Antagonist)(p
K
d
9.5)

[537],
[ 125

I]BH
-[Sar 9,M

et(O
2 ) 11

]SP
(Agonist)

(p
K
d
9)

[ 1901]–
Rat,[ 3

H
]BH

-[Sar 9
,M

et(O
2 ) 11

]SP
(Agonist)

(p
K
d
8.7)

[1902]–
Rat,

[ 3
H
]SP

(hum
an,m

ouse,rat)
(Agonist)(p

K
d
8.6)

[80],[ 125I]SP
(hum

an,m
ouse,rat)(Agonist),

[ 18
F]SPA-RQ

(Antagonist)[317]

[ 3
H
]saredutant(Antagonist)(p

K
d
9.7)

[649]–
Rat,

[ 125
I]N

KA
(hum

an,m
ouse,rat)(Agonist)

(p
K
d

9.3)
[ 1990],[ 3

H
]G

R100679
(Antagonist)(p

K
d
9.2)

[669]

[ 3H
]osanetant(Antagonist)(p

K
d
9.9),

[ 3H
]senktide

(Agonist)(p
K
d
8.1–8.7)

[660]–
G
uinea

pig, [ 125
I][M

ePhe 7]N
KB

(Agonist)

C
o
m

m
e
n
ts:

The
N
K1

receptor
has

also
been

described
to

couple
to

other
G

proteins
[1606].

The
hexapeptide

agonist
septide

appears
to

bind
to

an
overlapping

but
non-identicalsite

to
substance

P
(TA

C
1,

P20366)
on

the
N
K1

receptor.There
are

suggestions
for

additionalsubtypes
oftachykinin

receptor;an
orphan

receptor(Sw
issProt

P30098)
w
ith

structuralsim
ilarities

to
the

N
K3

receptorw
as

found
to

respond
to

N
KB

w
hen

expressed
in
X
en
op
u
s
oocytes

or
C
hinese

ham
sterovary

cells
[433,1004].

Fu
rth

e
r
R
e
a
d
in
g

C
om

m
ons

KG
.
(2010)

N
euronalpathw

ays
linking

substance
P
to

drug
addiction

and
stress.

Bra
in
R
es.

1
3
1
4:

175-82
[PM

ID
:19913520]

D
ouglas

SD
et
a
l.
(2011)

N
eurokinin-1

receptor:
functionalsignificance

in
the

im
m
une

system
in

refer-
ence

to
selected

infections
and

inflam
m
ation.

A
n
n
.
N
.
Y.
A
ca
d
.
Sci.

1
2
1
7:

83-95
[PM

ID
:21091716]

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

Pantaleo
N
et
a
l.

(2010)
The

m
am

m
alian

tachykinin
ligand-receptor

system
:
an

em
erging

target
for

centralneurologicaldisorders.
C
N
S
N
eu
rolD

isord
D
ru
g
Ta
rg
ets

9:
627-35

[PM
ID

:20632965]

Rance
N
E
et
a
l.(2010)N

eurokinin
B
and

the
hypothalam

ic
regulation

ofreproduction.
Bra

in
R
es.

1
3
6
4:

116-28
[PM

ID
:20800582]

Rojas
C
et
a
l.

(2012)
Pharm

acological
m
echanism

s
of

5-H
T_3

and
tachykinin

N
K_1

receptor
antag-

onism
to

prevent
chem

otherapy-induced
nausea

and
vom

iting.
Eu
r.

J.
Ph
a
rm
a
col.

6
8
4:

1-7
[PM

ID
:22425650]

Tuluc
F
et
a
l.(2009)N

eurokinin
1
receptorisoform

s
and

the
controlofinnate

im
m
unity.

Tren
d
s
Im
m
u
n
ol.

3
0:

271-6
[PM

ID
:19427266]
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T
h
yro

tro
p
in
-re

le
a
sin

g
h
o
rm

o
n
e
re
ce

p
to
rs

G
protein-coupled

receptors
Thyrotropin-releasing

horm
one

receptors

O
v
e
r
v
ie
w
:Thyrotropin-releasing

horm
one

(TRH
)receptors

(p
r
o
v
isio

n
a
l
n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d
b
y
N
C
-IU

P
H
A
R

[5
3
0
])

are
activated

by
the

endogenous
tripeptide

TRH
(T
R
H
,P20396)(pG

lu-
H
is-ProN

H
2).

TRH
(T
R
H
,P20396)

and
TRH

analogues
failto

distinguish
TRH

1
and

TRH
2
receptors

[1822].
[ 3
H
]TRH

(hum
an,m

ouse,rat)
is
able

to
labelboth

TRH
1
and

TRH
2
receptors

w
ith

Kd
values

of13
and

9
nM

respectively.

N
om

enclature
TRH

1
receptor

TRH
2
receptor

H
G
N
C
,U

niProt
T
R
H
R,P34981

–

Antagonists
diazepam

(p
K
i 5.2)

[444]–
Rat

–

Selective
antagonists

m
idazolam

(p
K
i 5.5)

[444]–
Rat,chlordiazepoxide

(p
K
i 4.8)[444]–

Rat,
chlordiazepoxide

(p
K
i 4.7)

[1804]–
M
ouse

–

C
om

m
ents

–
A
class

A
G

protein-coupled
receptor:notpresentin

m
an

Fu
rth

e
r
R
e
a
d
in
g

Bílek
R
et
a
l.(2011)

TRH
-like

peptides.
Ph
ysiolR

es
6
0:

207-15
[PM

ID
:21114375]

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

N
illniEA.(2010)

Regulation
of

the
hypothalam

ic
thyrotropin

releasing
horm

one
(TRH

)
neuron

by
neu-

ronaland
peripheralinputs.

Fron
t
N
eu
roen

d
ocrin

ol3
1:

134-56
[PM

ID
:20074584]

T
ra
ce

a
m
in
e
re
ce

p
to
r

G
protein-coupled

receptors
Trace

am
ine

receptor

O
v
e
r
v
ie
w
:
Trace

am
ine-associated

receptors
w
ere

initially
discov-

ered
as

a
result

of
a
search

for
novel5-H

T
receptors

[ 185],
w
here

15
m
am

m
alian

orthologues
w
ere

identified
and

divided
into

tw
o

fam
ilies.

The
TA1

receptor
(n

o
m

e
n
c
la

tu
r
e
a
s
a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
fo

r
th

e
T
r
a
c
e

a
m

in
e

r
e
c
e
p
-

to
r
[1

1
8
1
])

has
been

show
n
to

have
affinity

for
the

endogenous
trace

am
ines

tyram
ine,

β-phenylethylam
ine

and
octopam

ine
in

ad-
dition

to
the

classical
am

ine
dopam

ine
[185].

Em
erging

evidence
suggests

that
TA1

is
a
m
odulator

of
m
onoam

inergic
activity

in
the

brain
[2062]

w
ith

TA1
and

dopam
ine

D
2
receptors

show
n
to

form

constitutive
heterodim

ers
w
hen

co-expressed
[492].

In
addition

to
trace

am
ines,receptors

can
be

activated
by

am
phetam

ine-like
psy-

chostim
ulants,and

endogenous
thyronam

ines
such

as
thyronam

ine
and

3-iodothyronam
ine.
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6
9

N
om

enclature
TA1

receptor

H
G
N
C
,U

niProt
TA
A
R
1,Q

96RJ0

Rank
orderofpotency

tyram
ine

β-phenylethylam
ine

octopam
ine

=
dopam

ine
[185]

Agonists
RO

5166017
(pEC

5
0
7.3)

[1574]

Antagonists
EPPTB

(Inverse
agonist)(pIC

5
0
5.1)

[199]

Labelled
ligands

[ 3
H
]tyram

ine
(Agonist)(p

K
d
7.7)

[185]

C
o
m

m
e
n
ts:

In
addition

to
TA1

,
analysis

has
show

n
that

in
m
an

there
are

up
to

5
functionalTAAR

genes
(TAAR2,5,6,8,9).

See
[ 185]

fordetailed
discussion.The

productofthe
gene

TAAR2
(also

know
n

as
G
PR58)

appears
to

respond
to

β-phenylethylam
ine

tyram
ine

and
to

couple
through

G
s
[185].

TA
A
R
3,in

som
e
individuals,and

TA
A
R
4
are

pseudogenes
in

m
an,al-

though
functionalin

rodents.The
signalling

characteristicsand
phar-

m
acology

ofTAA5
(PN

R,Putative
N
eurotransm

itterReceptor:
TA
A
R
5,

O
14804),TAA6

(Trace
am

ine
receptor4,TaR-4:

TA
A
R
6,96RI8),TAA8

(Trace
am

ine
receptor5,G

PR102:
TA
A
R
8,Q

969N
4
)and

TAA9
(trace

am
ine

associated
receptor

9:
TAAR9,

96RI9)
are

lacking.
The

thy-

ronam
ines,endogenous

derivatives
ofthyroid

horm
one,have

been
show

n
to

have
affinity

for
rodent

cloned
trace

am
ine

receptors,in-
cluding

TA1
[1657].

An
antagonist

EPPTB
has

recently
been

de-
scribed

that
has

a
pKi

of
9.1

at
the

m
ouse

TA1
but

less
than

5.3
for

hum
an

TA1
[ 1792].

Fu
rth

e
r
R
e
a
d
in
g

Jing
L
et
a
l.
(2015)

Trace
am

ine-associated
receptor

1:
A
prom

ising
target

for
the

treatm
entofpsychos-

tim
ulantaddiction.

Eu
r.
J.
Ph
a
rm
a
col.[PM

ID
:26092759]

Liberles
SD

.(2015)
Trace

am
ine-associated

receptors:ligands,neuralcircuits,and
behaviors.

C
u
rr.
O
p
in
.

N
eu
rob

iol.
3
4
C
:1-7

[PM
ID

:25616211]
M
aguire

JJ
et
a
l.
(2009)

InternationalU
nion

ofPharm
acology.

LX
X
II.Recom

m
endations

for
trace

am
ine

receptornom
enclature.

Ph
a
rm
a
col.

R
ev.

6
1:

1-8
[PM

ID
:19325074]

M
illerG

M
.(2011)The

em
erging

role
oftrace

am
ine-associated

receptor1
in

the
functionalregulation

of
m
onoam

ine
transporters

and
dopam

inergic
activity.

J.
N
eu
roch

em
.
1
1
6:

164-76
[PM

ID
:21073468]

Sotnikova
TD

et
a
l.(2009)Trace

am
ine-associated

receptors
as

em
erging

therapeutic
targets.

M
ol.

Ph
a
r-

m
a
col.

7
6:

229-35
[PM

ID
:19389919]

ZucchiR
et
a
l.
(2006)

Trace
am

ine-associated
receptors

and
their

ligands.
Br
J
Ph
a
rm
a
col

1
4
9:

967-978
[PM

ID
:17088868]
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U
ro

te
n
sin

re
ce

p
to
r

G
protein-coupled

receptors
U
rotensin

receptor

O
v
e
r
v
ie
w
:
The

urotensin-II(U
-II)

receptor
(U

T,
n
o
m

e
n
c
la

tu
r
e

a
s

a
g
r
e
e
d

b
y

th
e

N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

th
e

U
r
o
te

n
sin

r
e
c
e
p
to

r
[ 4

3
9
,
5
3
0
,
1
9
5
2
])

is
activated

by
the

en-
dogenous

dodecapeptide
urotensin-II

(U
T
S2,

O
95399),

originally
isolated

from
the

urophysis,the
endocrine

organ
ofthe

caudalneu-
rosecretory

system
of

teleost
fish

[ 134].
Severalstructuralform

s
of

U
-IIexist

in
fish

and
am

phibians.
The

G
oby

orthologue
w
as

used
to

identify
U
-IIasthe

cognate
ligand

forthe
predicted

receptorencoded
by

the
ratgene

g
p
r1
4
[375,1130,1327,1410].H

um
an

urotensin-II
(U
T
S2,O

95399),an
11-am

ino-acid
peptide

[375],retains
the

cyclo-
hexapeptide

sequence
ofgoby

U
-IIthat

is
thought

to
be

im
portant

in
ligand

binding
[219,957].

This
sequence

is
also

conserved
in

the
deduced

am
ino-acid

sequence
of

rat
urotensin-II{Rat}

(14
am

ino-
acids)

and
m
ouse

urotensin-II{M
ouse}

(14
am

ino-acids),
although

the
N
-term

inalism
ore

divergentfrom
the

hum
an

sequence
[374].A

second
endogenousligand

forU
T
has

been
discovered

in
rat[1816].

Thisisthe
urotensin

II-related
peptide

(U
T
S2
B,Q

765I0),an
octapep-

tide
that

is
derived

from
a
different

gene,but
shares

the
C
-term

inal
sequence

(C
FW

KYC
V)

com
m
on

to
U
-II

from
other

species.
Identi-

calsequencesto
rat urotensin

II-related
peptide

(U
T
S2
B,Q

765I0)are
predicted

for
the

m
ature

m
ouse

and
hum

an
peptides.

N
om

enclature
U
T
receptor

H
G
N
C
,U

niProt
U
T
S2
R,Q

9U
KP6

Endogenous
agonists

urotensin
II-related

peptide
(U
T
S2
B,Q

765I0)
(p
K
d
9.6)

[1179],urotensin-II(U
T
S2,O

95399)
(p
K
i 8.6)

[440,475,647]

Selective
agonists

[Pen5]-U
(4-11)(hum

an)(p
K
i 9.7)

[647],U
-II-(4-11)(hum

an)(p
K
i 9.6)[647],FL104

(pEC
5
0
5.8–7.5)

[1075,1077],AC
-7954

(p
K
i 6.6)

[382,1076]

Selective
antagonists

urantide
(p
K
i 8.3)

[1469],SB-706375
(p
K
i 8)

[440],palosuran
(pIC

5
0
7.1)

[353],SB-611812
(p
K
i 6.6)[1550]

Labelled
ligands

[ 125I]U
-II(hum

an)(Agonist)(p
K
d
9.4–9.6)[42,1179]

C
o
m

m
e
n
ts:In

hum
an

vasculature,hum
an

urotensin-II(U
T
S2,O

95399)
elicits

both
vasoconstrictor(p

D
2
9.3-10.1,[1179])

and
vasodilator(pIC

50
10.3-10.4,[1800])responses.

Fu
rth

e
r
R
e
a
d
in
g

D
ouglas

SA
O
hlstein

EH
.
(2000)

U
rotensin

receptors.
In
T
h
e
IU
PH
A
R
R
ecep

tor
C
om

p
en
d
iu
m
of
R
ecep

tor

C
h
a
ra
cteriza

tion
a
n
d
C
la
ssifica

tion
.Edited

by
G
irdlestone

D
:IU

PH
AR

M
edia

Ltd:365-372

Foord
SM

et
a
l.(2005)InternationalU

nion
ofPharm

acology.X
LVI.G

protein-coupled
receptorlist.

Ph
a
r-

m
a
colR

ev
5
7:

279-288
[PM

ID
:15914470]

G
uidolin

D
et
a
l.(2010)

U
rotensin-IIas

an
angiogenic

factor.
Pep

tid
es

3
1:

1219-24
[PM

ID
:20346384]

H
untBD

et
a
l.(2010)A

ratbrain
atlasofurotensin-IIreceptorexpression

and
a
review

ofcentralurotensin-
IIeffects.

N
a
u
n
yn

Sch
m
ied
eb
erg

s
A
rch

.
Ph
a
rm
a
col.

3
8
2:

1-31
[PM

ID
:20422157]

M
aryanoff

BE
et
a
l.

(2010)
U
rotensin-II

receptor
m
odulators

as
potentialdrugs.

J.
M
ed
.
C
h
em

.
5
3:

2695-708
[PM

ID
:20043680]

Ross
B
et
a
l.(2010)

Role
ofurotensin

IIin
health

and
disease.

A
m
.
J.
Ph
ysiol.

R
eg
u
l.
In
teg

r.
C
om

p
.
Ph
ysiol.

2
9
8:

R1156-72
[PM

ID
:20421634]

V
a
so

p
re
ssin

a
n
d
o
x
yto

cin
re
ce

p
to
rs

G
protein-coupled

receptors
Vasopressin

and
oxytocin

receptors

O
v
e
r
v
ie
w
:
Vasopressin

(AVP)
and

oxytocin
(O

T)
receptors

(n
o
m

e
n
c
la

tu
r
e
a
s
r
e
c
o
m

m
e
n
d
e
d

b
y
N
C
-IU

P
H
A
R

[5
3
0
])

are
activated

by
the

endogenous
cyclic

nonapeptides
vasopressin

(A
V
P,P01185)

and
oxytocin

(O
X
T,P01178).These

peptides
are

derived
from

precursors
w
hich

also
produce

neurophysins
(neurophysin

Ifor
oxytocin;neurophysin

IIfor
vasopressin).
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f
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5
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2
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9

N
om

enclature
V1A

receptor
V1B

receptor
V2

receptor
O
T
receptor

H
G
N
C
,U

niProt
A
V
PR
1
A,P37288

A
V
PR
1
B,P47901

A
V
PR
2,P30518

O
X
T
R,P30559

Rank
orderof

potency
vasopressin

(A
V
P,P01185)

oxytocin
(O
X
T,P01178)

vasopressin
(A
V
P,P01185)

oxytocin
(O
X
T,P01178)

vasopressin
(A
V
P,P01185)

oxytocin
(O
X
T,P01178)

oxytocin
(O
X
T,P01178)

vasopressin
(A
V
P,P01185)

Endogenous
agonists

vasopressin
(A
V
P,P01185)

(p
K
i 8.5–9.3)

[ 24,311,369,415,1359,1501,1627,
1839,1840,1870,1871,2073]

vasopressin
(A
V
P,P01185)

(p
K
i 9–9.5)

[ 24,311,415,648,1359,1627,1839,
1840,1871,2073]

vasopressin
(A
V
P,P01185)

(p
K
i 7.9–9.1)

[ 24,311,319,415,1359,1627,1700,
1839,1840,1871,2073]

oxytocin
(O
X
T,P01178)

(p
K
i 8.2–9.6)

[ 24,319,320,345,648,853]

Selective
agonists

F180
(p
K
d
7.9–8.3)

[49,369]
d[Leu 4

]LVP
(p
K
i 9.8)

[1485],
d[C

ha 4
]AVP

(p
K
i 9–9.7)

[415,648]
VN

A932
(pIC

5
0
7.1)

[501],O
PC

-51803
(p
K
i 7)

[1359],d[Val 4
,D

Arg 8
]VP

[Thr 4,G
ly 7

]O
T
(p
K
i 8.2–8.4)

[320,
472,853]

Antagonists
conivaptan

(p
K
i 8.2–8.4)[1839,1840]

nelivaptan
(p
K
i 8.4–9.3)

[644,648,
1702]

–
L-371,257

(p
K
i 8.8)

[648]

Selective
antagonists

relcovaptan
(p
K
i 8.1–9.3)[24,369,648,

1501,1700,1839,1870,1871,1910],
d(C

H
2
)5
[Tyr(M

e) 2
,Arg 8

]VP
(p
K
i 9)

–
conivaptan

(p
K
i 9.4)

[381],tolvaptan
(p
K
i 9.4)

[2073],satavaptan
(p
K
i

8.4–9.3)
[24,369,370,1699,1700,

1839,1910],lixivaptan
(Inverse

agonist)
(p
K
i 8.9–9.2)

[ 33,1700],
d(C

H
2
)5
[D

-Ile 2,Ile 4]AVP
(p
K
i 6.9–8.4)

[1700],m
ozavaptan

(Inverse
agonist)

(p
K
i 7.4–8.1)

[370,1700,1839,1871,
2073,2074]

SSR126768A
(p
K
i 8.8–9.1)

[1701],
desG

lyN
H
2
-d(C

H
2
)5
[Tyr(M

e) 2
,Thr 4,

O
rn 8]O

T
(p
K
i 8.5),L-372662

(p
K
i 8.4)[121]

Labelled
ligands

[ 125
I]O

H
-LVA

(Antagonist)(p
K
d

10.3–10.4)[319,369,1501],
[ 3
H
]AVP

(hum
an,m

ouse,rat)(Agonist)
(p
K
d
8.6–10.2)[208,319,369,370,

1359,1501,1627,1839,1840,1870,
1871,1910,2073],
[ 3
H
]d(C

H
2
)5
[Tyr(M

e) 2]AVP
(Antagonist)(p

K
d
9)

[ 3
H
]AVP

(hum
an,m

ouse,rat)(Agonist)
(p
K
d
8.6–9.6)[208,319,369,370,

1359,1501,1627,1839,1840,1870,
1871,1910,2073]

[ 3
H
]AVP

(hum
an,m

ouse,rat)(Agonist)
(p
K
d
8.4–9.4)[319,369,370,1359,

1627,1839,1840,1871,1910,2073],
[ 3
H
]dD

AVP
(Agonist)

(p
K
d
7.2–9.1)

[ 319,370,1871],
[ 3
H
]desG

ly-N
H
2
[D

-Ile 2,Ile 4]VP
(p
K
d

8.6)

[ 125
I]d(C

H
2 )5

[Tyr(M
e) 2

,Thr 4,O
rn 8,

Tyr-N
H
2
9
]O

VT
(Antagonist)(p

K
d
10),

[ 3
H
]O

T
(hum

an,m
ouse,rat)

(Agonist)
(p
K
d
8.2–9.5)[319,553,853,952],

[ 111
In]D

O
TA-dLVT

(p
K
d
8.3)

[318]

C
o
m

m
e
n
ts:The

V2
receptorexhibits

m
arked

species
differences,such

thatm
any

ligands
(d(C

H
2
)5
[D

-Ile 2,Ile 4]AVP
and

[ 3
H
]desG

ly-N
H
2
[D

-Ile 2,Ile 4]VP)exhibitlow
affinity

at
hum

an
V2

receptors
[29].Sim

ilarly,
[ 3
H
]d[D

-Arg 8]VP
is
V2

selective
in

the
rat,not

in
the

hum
an

[1627].
The

gene
encoding

the
V2

receptoris
polym

orphic
in

m
an,underlying

nephrogenic
diabetes

insipidus
[148].

D
[C

ha 4
]AVP

is
selective

only
for

the
hum

an
and

bovine
V1b

receptors
[415],w

hile
d[Leu 4]LVP

has
high

affinity
for

the
rat

V1b
receptor[1485].
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V
IP

a
n
d
P
A
C
A
P
re
ce

p
to
rs

G
protein-coupled

receptors
VIP

and
PAC

AP
receptors

O
v
e
r
v
ie
w
:Vasoactive

intestinalpeptide
(VIP)

and
pituitary

adeny-
late

cyclase-activating
peptide

(PAC
AP)

receptors
(n

o
m

e
n
c
la

tu
r
e

a
s
a
g
r
e
e
d

b
y

th
e
N
C
-IU

P
H
A
R

S
u
b
c
o
m

m
itte

e
o
n

V
a
so

a
c
-

tiv
e

In
te

stin
a
l

P
e
p
tid

e
R
e
c
e
p
to

r
s

[ 7
0
4
,

7
0
5
])

are
acti-

vated
by

the
endogenous

peptides
VIP

(V
IP,

P01282),
PAC

AP-38
(A
D
C
YA
P1,

P18509),
PAC

AP-27
(A
D
C
YA
P1,

P18509),
peptide

his-
tidine

isoleucineam
ide

(PH
I
{M

ouse,
Rat}),

peptide
histidine

m
e-

thionineam
ide

( PH
M

(V
IP,

P01282))
and

peptide
histidine

valine
(PH

V
(V
IP,

P01282)).
VPAC

1
and

VPAC
2
receptors

display
com

pa-

rable
affinity

for
the

PAC
AP

peptides,PAC
AP-27

(A
D
C
YA
P1,P18509)

and
PAC

AP-38
(A
D
C
YA
P1,P18509),and

VIP
(V
IP,P01282),w

hereas
PAC

AP-27
(A
D
C
YA
P1,

P18509)
and

PAC
AP-38

(A
D
C
YA
P1,

P18509)
are

100
fold

m
ore

potent
than

VIP
(V
IP,

P01282)
as

agonists
of

m
ost

isoform
s
ofthe

PAC
1
receptor.

H
ow

ever,one
splice

variant
of

the
hum

an
PAC

1
receptorhasbeen

reported
to

respond
to

PAC
AP-38

(A
D
C
YA
P1,

P18509),
PAC

AP-27
(A
D
C
YA
P1,

P18509)
and

VIP
(V
IP,

P01282)w
ith

com
parable

affinity
[393].PG

99-465
[1320]hasbeen

used
as

a
selective

VPAC
2
receptor

antagonistin
a
num

ber
ofphys-

iologicalstudies,
but

has
been

reported
to

have
significant

activity
at

VPAC
1

and
PAC

1
receptors

[422].
The

selective
PAC

1
receptor

agonist
m
axadilan,

w
as

extracted
from

the
salivary

glands
of

sand
flies

(Lu
tzom

yia
lon

g
ip
a
lp
is)

and
has

no
sequence

hom
ology

to
VIP

(V
IP,P01282)

or
the

PAC
AP

peptides
[1330].

Tw
o
deletion

variants
ofm

axadilan,M
65

[1918]
and

M
ax.d.4

[1331]have
been

reported
to

be
PAC

1
receptor

antagonists,but
these

peptides
have

not
been

extensively
characterised.

N
om

enclature
PAC

1
receptor

VPAC
1
receptor

VPAC
2
receptor

H
G
N
C
,U

niProt
A
D
C
YA
P1
R
1,P41586

V
IPR

1,P32241
V
IPR

2,P41587

Rank
orderofpotency

PAC
AP-27

(A
D
C
YA
P1,P18509),PAC

AP-38
(A
D
C
YA
P1,P18509)

VIP
(V
IP,P01282)

VIP
(V
IP,P01282),PAC

AP-27
(A
D
C
YA
P1,P18509),

PAC
AP-38

(A
D
C
YA
P1,P18509)

G
H
RH

(G
H
R
H
,

P01286),PH
I{Pig},secretin

(SC
T,P09683)

VIP
(V
IP,P01282),PAC

AP-38
(A
D
C
YA
P1,P18509),

PAC
AP-27

(A
D
C
YA
P1,P18509)

PH
I{Pig}

G
H
RH

(G
H
R
H
,P01286),secretin

(SC
T,P09683)

Selective
agonists

m
axadilan

(pEC
5
0
10.3)[422],m

axadilan
(pEC

5
0

6.2)
[422]

[Lys 15
,Arg 16

,Leu 27]VIP-(1-7)/G
RF-(8-27)-N

H
2

(pEC
5
0
8.3)[1315],[Ala 11,22,28

]VIP
(p
K
i 8.1)

[1393]

Ro
25-1553

(pIC
5
0
7.8–9.5)

[634,887,1315],
Ro

25-1392
(p
K
i 8)

[2056]

Selective
antagonists

–
PG

97-269
(pIC

5
0
8.7)

[633,887]
–

Labelled
ligands

[ 125
I]PAC

AP-27
(Agonist)(p

K
d
9.1)

[1509]
[ 125

I]VIP
(hum

an,m
ouse,rat)

(Agonist)(p
K
d
9.4)

[ 1393],[ 125
I]PAC

AP-27
(Agonist)

[ 125I]VIP
(hum

an,m
ouse,rat)(Agonist)

(p
K
d
9.2)

[ 1393],[ 125I]PAC
AP-27

(Agonist)

C
o
m

m
e
n
ts:Subtypes

ofPAC
1
receptors

have
been

proposed
based

on
tissue

differences
in

the
potencies

ofPAC
AP-27

(A
D
C
YA
P1,P18509)

and
PAC

AP-38
(A
D
C
YA
P1,P18509);these

m
ightresultfrom

differences
in

G
protein

coupling
and

second
m
essengerm

echanism
s
[1939],orfrom

alternative
splicing

ofPAC
1
receptorm

RN
A
[1788].
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