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Heart failure (HF) is a multi-factorial disease characterized by the inability of the heart to 
pump sufficient blood throughout the surrounding tissues. Scientific advances have recently 
aided in decreasing deaths attributed to HF; however, prevalence continues to increase as it 
threatens at least 26 million people globally.1) HF progression depends on several pre-existing 
conditions such as ischemic diseases like myocardial infarction (MI), eventually resulting in 
the death of cardiac cells. However, regeneration of cardiac cells in the adult heart is limited 
after injury and is instead replaced with a fibrotic scar. Therefore, researchers have resorted 
to stem cell therapy to restore these lost cells, and have demonstrated in numerous occasions 
the regenerative capabilities of cardiac progenitor cells (CPCs).2) CPCs can differentiate 
into various cell types including cardiomyocytes, and are capable of migration and tube 
formation, an important characteristic for developing therapies for ischemic myocardium.

Current HF treatments include targeting G-protein-coupled receptors (GPCRs) such as 
β-adrenergic receptors (βARs). GPCRs are responsible for mediating neurotransmitter or 
hormone signals to physiological responses; its dysregulation contributing to pathogenesis 
GPCR ligands activates G-protein independent pathways involving receptor phosphorylation 
by G protein-coupled receptor kinases (GRKs), eventually resulting in the recruitment 
of β-arrestin (β-arr). β-arr is a desensitizer (negative regulator) of GPCRs which have 2 
isoforms, β-arrestin1 and β-arrestin2 (β-arr1 and β-arr2). Aside from its role in GPCR 
signaling, it links GPCRs with various downstream effectors such as the mitogen-activated 
protein kinase (MAPK) cascade, Src, and Mdm2.3) β-arr is known to play signaling roles in 
cancer, cardiac cells, stem cells, and even is pivotal in the progression of pathological states 
of the heart (Figure 1).4)5) It was previously demonstrated that β-arr1 is responsible for βAR 
desensitization and downregulation in vivo in the heart. Cardiac β-arr1 also counters the anti-
apoptosis and inhibition of inflammation caused by β-arr2 in the myocardium.6) Interestingly, 
a new study titled “β-arrestin2 Affects Cardiac Progenitor Cell Survival through Cell Mobility 
and Tube Formation in Severe Hypoxia” published in the current issue of Korean Circulation 
Journal investigated the regulatory role of β-arr2 in myocardial regeneration with the use of 
CPCs. The study has observed that removal of β-arr2 resulted in decreased mobility tube 
formation and significantly lower expression of proteins related to survival and mobility, in 
addition to higher apoptotic rates in both normoxic and hypoxic conditions.7)

Korean Circ J. 2018 Apr;48(4):325-328
https://doi.org/10.4070/kcj.2018.0057
pISSN 1738-5520·eISSN 1738-5555

Editorial

Received: Feb 14, 2018
Accepted: Mar 5, 2018

Correspondence to
Jin Han, MD, PhD
Cardiovascular and Metabolic Disease Center, 
BK21 Plus Project Team, National Research 
Laboratory for Mitochondrial Signaling,  
Inje University, 75, Bokji-ro, Busanjin-gu,  
Busan 47392, Korea.
E-mail: phyhanj@inje.ac.kr

Copyright © 2018. The Korean Society of 
Cardiology
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted noncommercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Jubert Marquez 
https://orcid.org/0000-0002-8541-4362
Jin Han 
https://orcid.org/0000-0003-2847-0197

Funding
This work was supported by the Priority 
Research Centers Program (2010-0020224) 
and the Basic Science Research Program 
(2015R1A2A1A13001900) through the National 
Research Foundation of Korea (NRF) funded 
by the Ministry of Education, Science, and 
Technology.

Jubert Marquez , MS1, and Jin Han , MD, PhD1,2

1 Department of Health Sciences and Technology, BK21 Plus Project Team, Graduate School of Inje 
University, Busan, Korea

2 Cardiovascular and Metabolic Disease Center, BK21 Plus Project Team, National Research Laboratory for 
Mitochondrial Signaling, Inje University, Busan, Korea

You're Not under Arrest: Worry-free 
with β-arrestin

► See the article “β-arrestin2 Affects Cardiac Progenitor Cell Survival through Cell Mobility and Tube 
Formation in Severe Hypoxia” in volume 48 on page 296.

https://e-kcj.org
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-8541-4362
https://orcid.org/0000-0002-8541-4362
https://orcid.org/0000-0003-2847-0197
https://orcid.org/0000-0003-2847-0197
https://orcid.org/0000-0002-8541-4362
https://orcid.org/0000-0003-2847-0197
http://crossmark.crossref.org/dialog/?doi=10.4070/kcj.2018.0057&domain=pdf&date_stamp=2018-03-08
https://doi.org/10.4070/kcj.2017.0058 
https://e-kcj.org/DOIx.php?id=10.4070/kcj.2017.0119
https://e-kcj.org/DOIx.php?id=10.4070/kcj.2017.0119


326https://e-kcj.org https://doi.org/10.4070/kcj.2018.0057

β-arrestin as Therapeutic Target

β-
ar

r2

β-
ar

r2

Re
ce

pt
or

AC

Ce
ll 

m
em

br
an

e

E 
Ca

rd
ia

c 
pr

og
en

it
or

 c
el

l

PI
3K

AK
T

G
SK

3β

β-
ca

te
ni

n

β-
ar

r-
de

pe
nd

en
t E

RK

Ce
ll 

m
ob

ili
ty

,
tu

be
 fo

rm
at

io
n,

an
d 

su
rv

iv
alER

K

M
EK

RA
F

O
be

st
at

in

Tr
an

sa
ct

iv
at

io
n

G
PC

R
EG

FR

PI
3K

PI
P3

m
TO

R

Ra
pt

or

p7
0S

6K

m
LS

T8

AK
T

c-
SR

C
β-

ar
r

Ce
ll 

pr
ol

ife
ra

tio
n

an
d 

su
rv

iv
al

Ce
ll 

m
em

br
an

e

A
 

Ca
nc

er
 c

el
l

PL
C

ER
Kβ-

ar
r

β-
ar

r

CX
CL

12
sc

av
en

gi
ng

G
lio

bl
as

to
m

a 
su

rv
iv

al
pr

ol
ife

ra
tio

n

CX
CL

12
CX

CR
7

CX
CR

4/
R7

Ce
ll 

m
em

br
an

e

C 
Ca

nc
er

 s
te

m
 c

el
l

G
RK

G
RK

G
αβ

γ

G
α

G
RK

5
β

M
et

op
ro

lo
l

β-
ar

r2

β1
AR

Ca
rd

ia
c 

fib
ro

si
s

Ce
ll 

m
em

br
an

e

D
 

Ca
rd

ia
c 

fib
ro

si
s

γ
TG

Fβ

CO
L1

Iκ
βα

G
α

G
RK

β

Ca
te

ch
ol

am
in

e

p6
5p5

0
PK

A

β-
ar

r
AC

β-
ar

r

βA
R

Ap
op

to
si

s

cA
M

P
AT

P

↑
W

ou
nd

-h
ea

lin
g

as
so

ci
at

ed
 in

fla
m

m
at

io
n

N
F-
κβ

 ta
rg

et
ed

tr
an

sc
rip

tio
n

↑
Ca

rd
ia

c 
re

sp
on

se
an

d 
co

nt
ra

ct
ili

ty

Ce
ll 

m
em

br
an

e

B 
M

at
ur

e 
ca

rd
ia

c 
ce

ll

γ

Fi
gu

re
 1.

 β
-a

rr
 is

 a
 p

ot
en

tia
l t

he
ra

pe
ut

ic
 ta

rg
et

 fo
r v

ar
io

us
 d

is
ea

se
s.

 (A
) β

-a
rr

 s
ig

na
lin

g 
in

 c
an

ce
r c

el
ls

. W
he

n 
a 

pe
pt

id
e 

su
ch

 a
 o

be
st

at
in

 b
in

ds
 to

 a
 re

ce
pt

or
, p

ho
sp

ho
ry

la
tio

n 
of

 G
PC

R 
oc

cu
rs

 le
ad

in
g 

to
 th

e 
at

tr
ac

tio
n 

of
 β

-a
rr

. β
-a

rr
 is

 th
en

 tr
an

sl
oc

at
ed

 w
hi

ch
 a

llo
w

s 
fo

r i
ts

 a
ss

oc
ia

tio
n 

w
ith

 S
rc

. T
he

 β
-a

rr
/S

rc
 in

te
ra

ct
io

n 
re

su
lts

 in
 E

G
FR

 tr
an

sa
ct

iv
at

io
n 

an
d 

Ak
t s

ig
na

lin
g.

 (B
) β

-a
rr

 s
ig

na
lin

g 
in

 m
at

ur
e 

ca
rd

ia
c 

ce
lls

. C
at

ec
ho

la
m

in
es

 (e
.g

., 
ep

in
ep

hr
in

e)
 c

an
 e

lic
it 

a 
re

ac
tio

n 
th

ro
ug

h 
G

-p
ro

te
in

 s
ig

na
lin

g 
or

 th
ro

ug
h 
β-

ar
r2

-m
ed

ia
te

d 
si

gn
al

in
g 

w
hi

ch
 le

ad
s 

to
 im

pr
ov

ed
 c

ar
di

ac
 re

sp
on

se
 a

nd
 c

on
tr

ac
til

ity
. 

W
ou

nd
-h

ea
lin

g 
as

so
ci

at
ed

 in
fla

m
m

at
io

n 
al

so
 o

cc
ur

s 
vi

a 
N

F-
κB

 p
at

hw
ay

 a
s 

ac
tiv

at
ed

 b
y 
β-

ar
r2

, w
hi

ch
 a

re
 e

ss
en

tia
l t

o 
pr

es
er

va
tio

n 
of

 c
ar

di
ac

 fu
nc

tio
n 

po
st

-M
I. 

(C
) β

-a
rr

 s
ig

na
lin

g 
in

 c
an

ce
r s

te
m

 
ce

lls
. W

he
n 

CX
CL

12
 b

in
ds

 to
 C

XC
R7

, β
-a

rr
 p

at
hw

ay
 is

 a
ct

iv
at

ed
 th

ro
ug

h 
G

RK
 to

 in
te

rn
al

iz
e 

CX
CR

7 
re

su
lti

ng
 in

 C
XC

L1
2 

sc
av

en
gi

ng
. I

t c
an

 a
ls

o 
si

gn
al

 P
LC

 to
 a

ct
iv

at
e 

ER
K 

1/
2 

w
hi

ch
 le

ad
s 

to
 c

el
l s

ur
vi

va
l 

in
 c

er
ta

in
 c

an
ce

r c
el

ls
 (f

or
 e

xa
m

pl
e,

 g
lio

bl
as

to
m

a)
. (

D)
 β

-a
rr

 s
ig

na
lin

g 
in

 m
et

op
ro

lo
l-m

ed
ia

te
d 

ca
rd

ia
c 

fib
ro

si
s.

 C
ar

di
ac

 fi
br

os
is

 in
du

ce
d 

by
 m

et
op

ro
lo

l v
ia

 G
RK

5/
β-

ar
r2

 is
 fa

irl
y 

m
in

is
cu

le
 c

om
pa

re
d 

to
 

th
e 

fib
ro

si
s 

ca
us

ed
 b

y 
he

ar
t f

ai
lu

re
. I

n 
ad

di
tio

n,
 β

-b
lo

ck
in

g 
ca

pa
ci

ty
 b

y 
m

et
op

ro
lo

l i
nd

uc
es

 a
 p

os
iti

ve
 a

ct
io

n 
th

at
 c

an
 o

ve
rs

ha
do

w
 th

e 
fib

ro
si

s 
in

du
ce

d.
 (E

) P
os

si
bl

e 
β-

ar
r s

ig
na

lin
g 

in
 c

ar
di

ac
 p

ro
ge

ni
to

r 
ce

lls
. β

-a
rr

2 
ca

n 
aff

ec
t e

xp
re

ss
io

n 
of

 β
-c

at
en

in
 v

ia
 P

I3
K/

G
SK

-3
β 

si
gn

al
in

g,
 re

su
lti

ng
 in

 c
el

l s
ur

vi
va

l b
ro

ug
ht

 a
bo

ut
 b

y 
re

gu
la

tio
n 

of
 c

el
l m

ob
ili

ty
 a

nd
 tu

be
 fo

rm
at

io
n.

 A
n 

al
te

rn
at

iv
e 

pa
th

w
ay

 c
an

 tr
ig

ge
r 

β-
ar

r-
de

pe
nd

en
t E

RK
 s

ig
na

lin
g 

vi
a 

ER
K 

1/
2.

 
AC

 =
 a

de
ny

ly
l c

yc
la

se
; A

kt
 =

 p
ro

te
in

 k
in

as
e 

B;
 A

TP
 =

 a
de

no
si

ne
 tr

ip
ho

sp
ha

te
; c

AM
P 

= 
cy

cl
ic

 a
de

no
si

ne
 m

on
op

ho
sp

ha
te

; C
O

L1
 =

 c
ol

la
ge

n 
1;

 c
-S

rc
 =

 p
ro

to
-o

nc
og

en
e 

ty
ro

si
ne

-p
ro

te
in

 k
in

as
e 

Sr
c;

 C
XC

L1
2 

= 
C-

X-
C 

m
ot

if 
ch

em
ok

in
e 

lig
an

d 
12

; C
XC

R4
 =

 C
-X

-C
 c

he
m

ok
in

e 
re

ce
pt

or
 ty

pe
 4

; C
XC

R7
 =

 C
-X

-C
 c

he
m

ok
in

e 
re

ce
pt

or
 ty

pe
 7

; E
G

FR
 =

 e
pi

th
el

ia
l g

ro
w

th
 fa

ct
or

 re
ce

pt
or

; E
RK

 =
 e

xt
ra

ce
llu

la
r s

ig
na

l-r
eg

ul
at

ed
 

ki
na

se
; G

PC
R 

= 
G

-p
ro

te
in

-c
ou

pl
ed

 re
ce

pt
or

; G
RK

 =
 G

 p
ro

te
in

-c
ou

pl
ed

 re
ce

pt
or

 k
in

as
e;

 G
SK

-3
β 

= 
gl

yc
og

en
 s

yn
th

as
e 

ki
na

se
-3
β;

 Iκ
βα

 =
 n

uc
le

ar
 fa

ct
or

 κ
B 

in
hi

bi
to

r o
f n

uc
le

ar
 fa

ct
or

 κ
B;

 M
EK

 =
 m

ito
ge

n-
ac

tiv
at

ed
 p

ro
te

in
 k

in
as

e 
ki

na
se

; M
I =

 m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 m

LS
T8

 =
 m

am
m

al
ia

n 
le

th
al

 w
ith

 S
EC

13
 p

ro
te

in
-8

; m
TO

R 
= 

m
ec

ha
ni

st
ic

 ta
rg

et
 o

f r
ap

am
yc

in
; N

F-
κB

 =
 n

uc
le

ar
 fa

ct
or

-κ
B;

 p
70

s6
k 

= 
70

 k
Da

 
rib

os
om

al
 S

6 
ki

na
se

; P
I3

K 
= 

ph
os

ph
oi

no
si

tid
e 

3-
ki

na
se

; P
KA

 =
 p

ro
te

in
 k

in
as

e 
A;

 P
LC

 =
 p

ho
sp

ho
lip

as
e 

C;
 R

AF
 =

 ra
pi

dl
y 

ac
ce

le
ra

te
d 

fib
ro

sa
rc

om
a;

 R
ap

to
r =

 re
gu

la
to

ry
 a

ss
oc

ia
te

d 
pr

ot
ei

n 
of

 m
TO

R;
 T

G
F 

= 
tr

an
sf

or
m

in
g 

gr
ow

th
 fa

ct
or

; β
AR

 =
 β

-a
dr

en
er

gi
c 

re
ce

pt
or

; β
-a

rr
 =

 β
-a

rr
es

tin
; β

-c
at

en
in

 =
 β

-c
at

en
in

.

https://e-kcj.org


Conflict of Interest
The authors have no financial conflicts of 
interest.

Author Contributions
Conceptualization: Marquez J, Han J; 
Funding acquisition: Han J; Resources: Han 
J; Supervision: Han J; Writing - original 
draft: Marquez J; Writing - review & editing: 
Marquez J, Han J.

The contents of the report are the author’s 
own views and do not necessarily reflect the 
views of the Korean Circulation Journal.

Although the study has demonstrated the novel importance of β-arr2 in CPC survival, there 
are still numerous issues that need to be addressed before we can consider β-arr2 as a viable 
target to treat diseases. For example, while the current study showed the role of β-arr2 by 
using a knockout (KO) model, it is also important to investigate how overexpression (OE) of 
β-arr2 in CPCs can be useful for regenerative purposes. A previous work by McCrink et al.8) 
using transgenic mouse hearts observed that cardiac β-arr2 OE increases cardiac function 
while reducing remodeling in post-MI. It will be very interesting to see the results of β-arr2 
OE when employed in CPCs. In addition, we still have to uncover how β-arr2 fits into the 
whole timeline of HF. Future studies should consider investigating for the effect of β-arr1 and 
β-arr2 at different stages of HF progression. And even before we can ask this, we still have 
to have a better understanding of β-arr2 and the mechanisms related to it. What the authors 
failed to include in the current study is how β-arr2 KO affects βAR signaling in CPC survival, 
and how β-arr2 KO in CPCs directly interacts with known regulatory pathways by providing 
a direct evidence. Take for example, there were no clear links showing how protein kinase B 
(Akt), glycogen synthase kinase-3β (GSK-3β), and β-catenin is linked to β-arr2, and whether 
an alternative pathway via extracellular signal-regulated kinase (ERK) 1/2 can result in the 
same fate of cell survival. Furthermore, scientists are concerned regarding the effectivity of 
stem cell therapy. For instance, a clinical trial termed Stem Cell Infusion in Patients with 
Ischemic Cardiomyopathy (SCIPIO) involving the use of CPCs showed encouraging results in 
the use of these cells in patients with HF,9) but was later questioned by the journal, The Lancet, 
with Harvard University conducting its own investigations with regards to data integrity.

The recent findings from the studies previously discussed demonstrate that the role β-arr 
is much more important than what we originally imagined. Targeting β-arr might not only 
be useful in HF-related diseases, but also in other metabolic diseases such as cancer, which 
was found to be related to tumor initiation time and cancer malignancy outcomes.10) But 
as previously mentioned, there is still a lot to unravel. Researchers and clinicians should 
investigate how β-arr signal transduction can trigger a cascade of mechanisms that lead to the 
inhibition or progression of disease. Only after painting a clearer picture on its importance 
can we proceed with developing rational methods on how to harness β-arr for therapeutics. 
Nonetheless, the future of β-arr is bright and can be considered as a potential target for HF 
and metabolic disease management.
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