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p-arrestin2 recruitment by p-adrenergic receptor agonists and antagonists
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Abstract: A large number of B-adrenergic receptor (B-AR) agonists and antagonists are widely used in the treatment of cardiovascular
diseases and other diseases. Nonetheless, it remains unclear whether these commonly used f-AR drugs can activate downstream -
arrestin-biased signaling pathways. The objective of this study was to investigate 3-arrestin2 recruitment effects of f-AR agonists and
antagonists that were commonly used in clinical practice. We used TANGO (transcriptional activation following arrestin translocation)
assay to detect the B-arrestin2 recruitment by B-AR ligands in HEK293 cell line (HTLA cells) stably transfected with tetracycline
transactivator protein (tTA) dependent luciferase reporter and B-arrestin2-TEV fusion gene. Upon activation of B-AR by a B-AR
ligand, B-arrestin2 was recruited to the C terminus of the receptor, followed by cleavage of the G protein-coupled receptors (GPCRs)
fusion protein at the TEV protease-cleavage site. The cleavage resulted in the release of tTA, which, after being transported to the
nucleus, activated transcription of the luciferase reporter gene. The results showed that f-AR non-selective agonists epinephrine,
noradrenaline and isoprenaline all promoted B-arrestin2 recruitment at $1-AR and f2-AR. B1-AR selective agonists dobutamine and
denopamine both promoted B-arrestin2 recruitment at B1-AR. 2-AR selective agonists procaterol and salbutamol promoted p-arrestin2
recruitment at $2-AR. B-AR non-selective antagonists alprenolol and pindolol promoted B-arrestin2 recruitment at 31-AR. f1-AR
selective antagonists celiprolol and bevantolol showed [B-arrestin2 recruitment at f1-AR. 2-AR selective antagonists butoxamine
showed -arrestin2 recruitment at B1-AR. These results provide some clues for the potential action of -AR drugs, and lay a foundation

for the screening of B-arrestin-biased f-AR ligands.
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ZAR, KT 4y 2 — I 25 W) Hl L BE 7] GPCRs M,
GPCRs H)£ (5 518 #% A2 S2 AR HOB0E 5 R i 2 AR R
I G HHE (Gyv Giv Gy B Gyys) WM 28 A5 1Y
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F arrestin #4457 J&5 4 S #0572 (transcriptional activation
following arrestin translocation assay, TANGO assay)"'”'.
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I 3min, fIA 200 pL LB ks 3L, W21 )G 37 °C
PRGHEFE 1 h, BREBESNERA T EATHERN
LB Il FH | 37 °C {518 5555 12~16 h,

14 RE/pEHR BRSO ST D
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/4L, BESL 100 uL ZH & . 5 =K, 96 LA
Mot N2, N2 EEBE LN 0 nmol/L. 10 nmol/L,
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S MR Y 2 =R S5, &L 50 pL Promega
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FH B BRI 78 45 5 (KOGAE ), 45 3R DA ROt 5
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Prism #7704

1.8 GitZE o4 H¥E Ll mean £ SEM F£IR. K
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REEAME (n=9)( K 24, £ 1). FFE, RAEER
ik BI-AR ¥ HTLA 20 furh, 459 B BH A s X
B-arrestin2 KA ZAEH, A EIHR pECs, N 6.38 +
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[) pECso 4 7.05 + 0.19, E, . A 149639 + 5108 (
3B, % 1); W THEEE (n=9) 1 pECs, 9 6.02 £ 0.06,
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Fig. 1. B-Arrestin2 recruitment by B-AR nonselective agonists. Concentration-response curve of epinephrine, noradrenaline, and
isoproterenol (0 nmol/L, 10 nmol/L, 100 nmol/L, 300 nmol/L, 1 umol/L, 3 umol/L, 10 pmol/L, 20 pmol/L, 30 umol/L) at B1-AR (4)
or f2-AR (B) in the TANGO assay. Mean + SEM, n =9.



FARIREE: PR I B-5 R 3 S A 7RI A% B0 X B-arrestin2 4 55 F A F 7T

A

997

Dobutamine 1-AR pECg,=4.72 +0.25

Denopamine B1-AR pECg,=6.38 + 0.08

2 5x10° _

::> -6~ Dobutamine

8 4%10° -o- Denopamine
0 & -8 Xamoterol
2 § 3x10°-
£
@ E  2x10%
x©3

g 1x10° 1

-

K

[7]

5 0 T T T T 1

-9 -8 -7 -6 -5 -4
log(compound(mol/L))

B

B2-AR

? 5x10° )

= -6~ Dobutamine

=)

8 4%105 4 —6- Denopamine
0 & -8 Xamoterol
2 § 3x10°+
a2
7]

o E  2x10%
3

,2 1x10° 1

K

3 0t+—o0——o0—o0—o0—0—0-00

-9 -8 -7 -6 -5 -4
log(compound(mol/L))

Bl 2. R - ARS) 7% B-arrestin2 £ 53 (3 1 i 12

Fig. 2. B-Arrestin2 recruitment by B1-AR selective agonists. Concentration-response curve of dobutamine, denopamine, and xamoterol
(0 nmol/L, 10 nmol/L, 100 nmol/L, 300 nmol/L, 1 umol/L, 3 umol/L, 10 pmol/L, 20 pmol/L, 30 pmol/L) at f1-AR (4) or B2-AR (B)

in the TANGO assay. Mean + SEM, n=9.
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9 6.21+0.55, E,, A 23303+2140 (& 44. % 1),
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BRI R WRIEIR, FTEIE R g /R
FSEFLIE R HEAT TANGO SE46 . SR 4s R EoR, 1
ik BI-AR () HTLA 40 ffd rh,  ZE )% /K () pECs,
BN 5.36 £ 0.13, DUFLI&ZRI) pECs, 4 4.93 £ 0.36,
E . BIRBEATIMH (n = 9), FHARFEHURIARZKILH XS
B-arrestin2 [ FH FAEH (Kl 54, C. £ 1), fEFRIE
B2-AR () HTLA 4Hfffdrfr, IXEEHEHT7]35 AR R I H XF
B-arrestin2 [{J 2 5 (n = 9)( KW 5B. D. # 1). Lk
SRR, ERER. DS /RAe% @t B1-AR X
B-arrestin? 7= A4 —E A FAEH . RILIEIR. R
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3. PN B2- ARSI XT B-arrestin2 4 55 ()95 P i ik

Fig. 3. B-Arrestin2 recruitment by f2-AR selective agonists. Concentration-response curve of procaterol and salbutamol (0 nmol/L, 10
nmol/L, 100 nmol/L, 300 nmol/L, 1 umol/L, 3 pmol/L, 10 pmol/L, 20 pmol/L, 30 pmol/L) at f1-AR (4) or 2-AR (B) in the TANGO

assay. Mean + SEM, n =9.
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Fig. 4. B-Arrestin2 recruitment by B-AR nonselective antagonists. Concentration-response curve of alprenolol, pindolol, timolol, sotalol,
propranolol, or nadolol (0 nmol/L, 10 nmol/L, 100 nmol/L, 300 nmol/L, 1 umol/L, 3 pmol/L, 10 pmol/L, 20 umol/L, 30 umol/L) at
B1-AR (4, C) or 2-AR (B, D) in the TANGO assay. Mean + SEM, n =9.
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Fig. 5. B-Arrestin2 recruitment by f1-AR selective antagonists. Concentration-response curve of celiprolol, bevantolol, nebivolol,
atenolol, metoprolol, betaxolol, or bisoprolol (0 nmol/L, 10 nmol/L, 100 nmol/L, 300 nmol/L, 1 umol/L, 3 pmol/L, 10 umol/L, 20
umol/L, 30 pmol/L) at B1-AR (4, C) or 2-AR (B, D) in the TANGO assay. Mean + SEM, n = 9.
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Fig. 6. B-Arrestin2 recruitment by f2-AR selective antagonists. Concentration-response curve of butoxamine or ICI 118,551 (0 nmol/L,
10 nmol/L, 100 nmol/L, 300 nmol/L, 1 umol/L, 3 pmol/L, 10 pmol/L, 20 umol/L, 30 umol/L) at f1-AR (4) or f2-AR (B) in the TANGO

assay. Mean = SEM, n = 9.
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%.1. B-ARFEAR X} B-arrestin2 42 35 7& 1 49 L %
Table 1. Summary of B-Arrestin2 recruitment by 3-AR ligands
Classification Drug pB1-AR pEC5, Bl1-ARE,,, p2-AR pECs, P2-ARE,,,
Agonist B-AR nonselective agonist Isoprenaline 5.98 £ 0.05 1449615 + 76954  6.08 £ 0.03 241824 + 4128
Noradrenaline  5.68 +0.03 1252284+ 19199  4.77+0.19 112846 + 28228
Epinephrine 5.40 +0.04 1131184 +44807  5.79+0.02 143019 + 2030
B1-AR selective agonist Dobutamine 4.72+0.25% - - -
Denopamine 6.38 +0.08 77250 + 1854 - -
Xamoterol - - - -
B2-AR selective agonist Procaterol - - 7.05+0.19 149639 + 5108
Salbutamol 476 +£0.23* - 6.02 +0.06 58413 + 1829
Antagonist  B-AR nonselective antagonist ~ Alprenolol 6.21+£0.55 23303 +£ 2140 - -
Pindolol 6.07 +£0.25 26507 + 1274 - -
Timolol - - - -
Nadolol - - - -
Propranolol - - - -
Sotalol - - - -
B1-AR selective antagonist Celiprolol 536+0.13*% - - -
Bevantolol 493 +£0.36% - - -
Nebivolol - - - -
Betaxolol - - - -
Atenolol - - - -
Metoprolol - - - -
Bisoprolol - - - -
B2-AR selective antagonist Butoxamine 5.32+0.51 29873 £ 6052 - -
ICI 118, 551 - - - -

PECs,, negative logarithm of the EC;; E,,,, maximal effect. *: Software prediction values.
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