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Introduction

Angiotensin II type 1 receptor (AT1R) is a G protein–
coupled receptor (GPCR). There are two AT1R subtypes: 
AT1AR and AT1BR (1). AT1R responds to angioten-
sin II (AngII) and changes its conformation to couple 
with Gq protein (2). Gq protein activates phospholi-
pase C- (PLC) that hydrolyzes phosphatidylinositol 4, 
5-bisphosphate (PIP2) to diacylglycerol (DAG) and 
inositol triphosphate (IP3) (3). DAG acts as a second 
messenger that activates protein kinase C (PKC) and IP3 
mediates elevation of cytosolic calcium levels (4). GPCR 
kinases (GRKs) then phosphorylate the activated AT1R 
mediating binding of -arrestin1/2 proteins (5). -Arrestin1/2 
proteins desensitize and internalize the activated recep-
tors and initiate another cascade of intracellular signaling 
(6). [Sar1,Ile4,Ile8] AngII (SII) was reported to be a -

arrestin-biased agonist that acts on AT1R. SII-induced 
change in the AT1R conformation is different from 
that of AngII stimulation (7). Previous reports suggested 
that SII activates -arrestin signaling without G protein 
coupling (8). However, it was reported that SII also 
activates G protein signaling but in a different way from 
AngII, although the activation by SII is much weaker 
than AngII (9).

Investigation of the intracellular signaling pathways 
activated by AngII and SII in HEK293 cells and cardio-
myocytes revealed a number of differences. Both AngII 
and SII can stimulate extracellular regulated kinase 
(ERK) phosphorylation (10). However, SII-mediated 
ERK phosphorylation is graded and slow with localiza-
tion of phosphorylated ERK (pERK) in the cytoplasm 
(11). AngII activates apoptotic signals while SII activates 
anti-apoptotic ones (12). Great efforts have been made to 
identify unique signaling pathways of -arrestin-biased 
agonists. However, the differences in cellular responses 
by AngII or SII-mediated signaling still remain to be 
determined.
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ERM proteins are key proteins inside the cell. They 
control and regulate many signaling pathways including 
migration, differentiation and survival signals (13). ERM 
proteins are activated by phosphorylation and the process 
of activation needs two sequential steps. The first step is 
ERM binding with PIP2 which converts ERM proteins 
from the closed conformation to the open one to expose 
phosphorylation sites (14). The second step is ERM 
phosphorylation by different types of kinases, e.g., GRKs, 
Rho A kinase (ROCK), and phosphatidylinositol 3 kinase 
(PI3K) (15 – 17). These kinases can be activated by 
G proteins and -arrestin-dependent signals. However, 
G proteins, including Gq and G proteins, activate 
PLC, leading to break-down of PIP2 and inhibition of 
the first step in ERM activation (18). Therefore, we 
assumed that ERM phosphorylation is an index of the 
unique -arrestin-biased agonism signal.

We investigated the SII effect on ERM phosphoryla-
tion in NIH3T3 cells (a fibroblast cell line) due to the 
following reasons: first, published data on SII signaling 
pathways in fibroblast cell lines is very limited and not 
clearly established. Second, previous reports showed 
that AngII-induced responses in cardiac fibroblasts and 
other fibroblast cell lines are different from those in 
cardiomyocytes in many aspects (9, 19), which has led 
us to assume that SII-induced responses in fibroblast 
cell lines will be different from SII-induced responses 
in cardiomyocytes. Third, although -arrestin-biased 
agonists promote cardiomyocyte protection and reduce 
cardiac fibrosis (20), -arrestin signaling in different 
types of fibroblasts have been reported to initiate tissue 
fibrosis (21), and our own studies have found that -
arrestin2 mediates metoprolol-stimulated cardiac fibrosis 
in vivo (22). Thus, SII may activate AT1R–-arrestin 
signaling in cardiac fibroblasts and initiate cardiac fibrosis 
in the heart that could lead to cardiac dysfunction.

Here we show that AngII stimulates ERM phosphory-
lation in NIH3T3 cells by acting as a -arrestin-biased 
agonist and SII inhibits ERM phosphorylation by acting 
as a Gq protein–biased agonist.

Materials and Methods

Constructs and cell lines
NIH3T3 cells stably over-expressing AT1AR were 

used in all experiments. Plasmids used in the experiments 
include the following: Flag-tagged AT1AR, -arrestin1, 
-arrestin2, Gq-CT (amino acids 305 – 359 of mouse 
Gq), constitutively active mutant of Gq [Gq (Q209L)], 
dominant negative mutant (Q209L/D277N) of Gq 
(DN-Gq) cDNAs in PMX-Puro. Plasmids were stably 
transfected into NIH3T3 cells using retroviral infection 
technique. Mutations were made using the QuikChange 

site-directed mutagenesis according to manufacturer 
instructions. All constructs were verified by sequencing.

Cell culture
NIH3T3 cells were plated in 60-mm tissue culture 

dishes (30% confluency; BD Falcon, Franklin Lakes, NJ, 
USA) and grown in 5% CO2 at 37°C in Dulbecco’s 
modified Eagle’s medium (DMEM) (GIBCO, Grand 
Island, NY, USA) supplemented with 10% fetal bovine 
serum (FBS) (Thermo Scientific, Barrington, IL, USA) 
and penicillin and streptomycin (GIBCO). Cells were 
starved over night before stimulations by replacing the 
medium with DMEM containing 0.5% fetal bovine 
serum.

siRNA transfection
Chemically synthesized, double-stranded siRNAs, 

were purchased from Invitrogen (Carlsbad, CA, USA) in 
deprotected and desalted form. The siRNA sequences 
targeting mouse -arrestin2 were 5′-GCCACAGAC 
GAUGACAUCGUCUUUG-3′. NIH3T3 cells that were 
30% – 40% confluent on 60-mm dishes were transfected 
with 200 pmol of -arrestin2 siRNA and control Hi 
siRNA (Invitrogen) 48 h before retroviral infection, 
using lipofectamine 2000 reagent (Invitrogen).

Retroviral infection
Retrovirus was prepared in Plat E cells. Plat E cells 

were plated in 60-mm tissue culture dishes (30% 
confluency) and grown in 5% CO2 at 37°C in DMEM 
supplemented with 10% FBS, penicillin, streptomycin, 
blasticidin (Invitrogen), and puromycin (Sigma, St. Louis, 
MO USA). Blasticidin and puromycin were removed 
from the media 12 h before transfection. Plasmids were 
transfected into Plat E cells using X-treme Gene 9 
(Roche, Basel, Switzerland). Forty-eight hours later, 
media containing retrovirus were collected and centri-
fuged to remove Plat E cells. Then NIH3T3 cells (plated 
in 60-mm tissue culture dishes, 30% – 40% confluency) 
were infected with 1.5 ml of supernatant. Eight hours 
later, 1.5 ml of fresh DMEM media supplemented with 
10% FBS, penicillin, and streptomycin were added to 
infected NIH3T3 cells. Twenty four hours after infec-
tion, the media were removed and replaced with fresh 
ones. Twenty four hours later, cells were ready for 
experiments.

Drugs
The following drugs from the indicated sources were 

used: angiotensinII (SCETI Bioscience, Tokyo), 
[Sar1,Ile4,Ile8] AngII (was synthesized at the Cleveland 
Clinic, Cleveland, Lerner Research Institute, OH, USA), 
valsartan, and Y27632 (Wako, Osaka).
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Cell lysates preparation
Cells were first washed with 1 ml 1 × phosphate-

buffered saline (PBS) and then cells were lysed using 
495 l lysis buffer (50 mM Tris-Cl, 1 mM EDTA, 150 mM 
NaCl, 20 mM NaF, 0.5% Nonidet P-40, 10% glycerol), 
and 5 l protease inhibitor (Nacalai Tesque, Kyoto). Cell 
lysates were transferred to 1.5-ml tubes and kept in ice 
for 15 min. Cell lysates were purified by centrifugation 
at 15,000 rpm for 15 min at 4°C. Then we added 50 l 
SDS + 4 × -mercaptoethanol (-ME) to each 150-l 
sample of cell lysate, followed by heating the samples at 
95°C for 5 min. The samples were finally kept at −80°C 
until use.

Western blotting experiments
Cell lysates were separated by SDS-polyacrylamide 

gel electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene difluoride membranes (GE Healthcare, 
Little Chalfont, UK). After the membranes were blocked 
with either 3% bovine serum albumin (BSA) (Sigma) or 
3% skim milk in Tris-buffered saline Tween 20 (TBS-T) 
(20 mM Tris PH 7.5, 137 mM NaCl, 0.2% Tween 20) 
at room temperature, the membranes were incubated 
with anti-ERM antibody (Ab) (Cell Signaling, Danvers, 
MA, USA), anti-pERM polyclonal Ab (Cell Signaling), 
anti-ERK monoclonal Ab (Cell Signaling), anti-pERK 
Ab (Cell Signaling), anti--arrestin Ab (BD Bioscience, 
Franklin Lakes, New Jersey, USA), anti--arrestin2 

monoclonal Ab (Cell Signaling), or anti-GAPDH Ab 
(Santa Cruz, Santa Cruz, CA, USA) overnight at 4°C and 
then with anti-rabbit Ab (Cell Signaling) or anti-mouse 
Ab (Santa Cruz) for 1 h at room temperature. Specific 
bands were detected using chemiluminescence western 
blotting detection reagents. Chemiluminescent images 
were captured and digitized using Scion image for 
windows software (Scion Corporation, Meyer Instru-
ments, Houston, TX, USA).

Statistical analyses
The results are presented as the mean ± S.E.M. from 

at least three independent experiments. Statistical com-
parisons were made with one-way analysis of variance 
followed by Tukey correction using Graph Pad Prism 
version 5 (Graph Pad Software, Inc., CA, USA) with 
significance imparted at P-values < 0.05.

Results

ERM phosphorylation in NIH3T3 cells is stimulated by 
AngII not SII

We prepared NIH3T3 cells stably over-expressing 
AT1AR using the retroviral infection technique. We 
investigated the effect of AngII (1 M) and SII (30 M) 
on ERM phosphorylation after 5-, 15-, and 30-min stimu-
lations (Fig. 1: A, B). AngII stimulated ERM phosphory-
lation at each time point while SII did not (Fig. 1: A, B). 

Fig. 1. ERM phosphorylation in NIH3T3 
cells is stimulated with AngII not SII. A, B) 
NIH3T3 cells stably over-expressing AT1AR 
using retroviral infection technique were 
fasted overnight and then treated with AngII 
(1 M) or SII (30 M) for 5, 15, and 30 
min. Then cells were lysed and samples were 
subjected to SDS-PAGE analysis and 
western-blotted using polyclonal pERM and 
total ERM (tERM) antibodies. *P < 0.05; 
**P < 0.01, compared with 0-min stimula-
tion group, n = 3 independent experiments. 
C, D) NIH3T3 cells stably over-expressing 
AT1AR using the retroviral infection tech-
nique were fasted overnight, treated with 
(10 M) valsartan (Vals) for 30 min, and 
then stimulated with AngII (1 M) for 30 
min. Then cells were lysed and samples 
were subjected to SDS-polyacrylamide gel 
electrophoresis (PAGE) analysis and west-
ern-blotted using polyclonal pERM and 
total ERM (tERM) antibodies. ***P < 0.001, 
compared with 0-min stimulation group, 
n = 3 – 5 independent experiments. All P-
values were analyzed by one-way analysis 
of variance (ANOVA) with the Tukey cor-
rection. Data are shown as means ± S.E.M.
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AngII-stimulated ERM phosphorylation was blocked by 
treatment with an AT1R blocker, valsartan, for 30 min 
before stimulation with AngII (Fig. 1: C, D). We 
also observed that the AngII- and SII-stimulated ERK 
phosphorylation pattern is different from that reported 
in HEK293 cells (data not shown). AngII stimulated 
ERK phosphorylation in a graded manner with maximum 
response occurring after 30 min. The SII effect on 
ERK phosphorylation was rapid, sharp, and brief with 
maximum response after 5 min. It was reported that 
AngII-stimulated ERK phosphorylation is biphasic in 
HEK293 cells. The first phase is rapid, sharp, brief, and 
Gq-dependent and it lasts from 2 to 5 min. The second 
phase is graded, slow, and -arrestin-dependent and 
lasts from 10 to 60 min (10). SII-stimulated ERK phos-
phorylation on the other hand is monophasic, graded, 
slow, and -arrestin-dependent (10). These results 
suggest that SII signaling in NIH3T3 cells is different 
from that in HEK293 cells or cardiomyocytes.

AngII-stimulated ERM phosphorylation in NIH3T3 cells 
is independent of Gq-protein

We investigated the mechanism by which AngII 
stimulates ERM phosphorylation. We examined the role 
of Gq protein in AngII-stimulated ERM phosphoryla-
tion by using 3 interventions: 1) Over-expression of Gq 
carboxy terminal peptide (Gq-CT) (Fig. 2: A, B), which 
inhibits Gq coupling with AT1AR (23); 2) Over-
expression of Gq constitutive active mutant [Gq 
(Q209L)] (Fig. 2: C, D), which desensitizes AT1AR and 
down-regulates Gq downstream signals (24); and 3) 
Over-expression of Gq dominant negative mutant 
(Q209L/D277N) (DN-Gq) (Fig. 2: E, F), which down 
regulates Gq downstream signals (25).

Gq-CT did not affect AngII-stimulated ERM phos-
phorylation (Fig. 2: A, B), Gq (Q209L) increased both 
basal and AngII-stimulated ERM phosphorylation (Fig. 
2: C, D), and DN-Gq did not affect AngII-stimulated 
ERM phosphorylation (Fig. 2: E, F). These results indi-
cate that, as we initially assumed, Gq protein signaling 
inhibits ERM phosphorylation. These results also indi-
cate that AngII-stimulated Gq protein signaling in 
NIH3T3 cells expressing AT1AR is too weak to inhibit 
ERM phosphorylation.

AngII-stimulated ERM phosphorylation in NIH3T3 cells 
is dependent on -arrestin2

We investigated the role of -arrestin1, -arrestin2 
(Fig. 3: A – D), and ROCK (Fig. 3: G, H) in AngII-
stimulated ERM phosphorylation. Over-expression of 
-arrestin1 (Fig. 3E) significantly reduced ERM phos-
phorylation (Fig. 3: A, B), while over-expression of -
arrestin2 (Fig. 3E) significantly increased both basal and 

AngII-stimulated ERM phosphorylation (Fig. 3: A, B). 
The role of -arrestin2 in AngII-stimulated ERM phos-
phorylation was confirmed with knockdown experi-
ments. -Arrestin2 siRNA knockdown (Fig. 3F) caused 
51% reduction in AngII-stimulated ERM phosphoryla-
tion (Fig. 3: C, D). These results indicate that AngII-
stimulated ERM phosphorylation is dependent on -
arrestin2. Inhibition of ROCK signaling by Y27632 
significantly increased both basal and AngII-stimulated 
ERM phosphorylation (Fig. 3: G, H). This is the first time 
that ROCK has been reported to inhibit ERM phosphory-
lation. These results also suggest that -arrestin2 
signaling is more powerful than both Gq protein and 
-arrestin1 signaling. Thus, AngII acts as a -arrestin-
biased agonist in NIH3T3 cells.

SII inhibits ERM phosphorylation in NIH3T3 cells by 
acting as a Gq protein–biased agonist

We investigated the effect of -arrestin2 (Fig. 4: A, B) 
and Gq protein (Fig. 4: C – H) on SII-ERM signaling. 
Over-expression of -arrestin2 significantly increased 
basal levels of phosphorylated ERM (pERM) proteins. 
However, -arrestin2 over-expression had no effect on 
SII-ERM signaling (Fig. 4: A, B). In contrast to the 
over-expression of -arrestin2, over-expression of Gq-
CT significantly increased SII-stimulated ERM phos-
phorylation (Fig. 4: C, D), but decreased SII-stimulated 
ERK phosphorylation (data not shown). Over-expression 
of Gq (Q209L) significantly increased both basal and 
SII-stimulated ERM phosphorylation (Fig. 4: E, F), but 
decreased both basal and SII-stimulated ERK phosphory-
lation (data not shown). Over-expression of DN-Gq 
increased SII-stimulated ERM phosphorylation (Fig. 4: 
G, H). It also significantly decreased SII-stimulated ERK 
phosphorylation (data not shown). These results indicate 
that SII stimulates AT1AR coupling with Gq protein. 
These results also show that SII mediated Gq protein 
signaling is more powerful than -arrestin signaling. 
Thus, SII acts as a Gq protein–biased agonist in NIH3T3 
cells.

Discussion

Here we demonstrated that AngII but not SII stimu-
lates ERM phosphorylation in NIH3T3 cells stably 
over-expressing AT1AR. AngII-stimulated ERM phos-
phorylation in NIH3T3 cells is independent of Gq 
protein and -arrestin1 and dependent on -arrestin2. 
Gq protein and -arrestin1 work together to antagonize 
-arrestin2-mediated ERM phosphorylation. AngII weakly 
stimulates Gq protein but powerfully stimulates -
arrestin2 signaling in NIH3T3 cells to phosphorylate 
ERM proteins (Fig. 5). SII stimulates Gq protein signal-
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ing more strongly than -arrestin2 signaling in NIH3T3 
cells to inhibit ERM phosphorylation (Fig. 5). Our 
study showed for the first time that both AngII and SII 
can stimulate either Gq protein– or -arrestin-biased 
signaling, depending on the type of the cell on which 
they act.

Biased agonism is the ability of an agonist to selec-
tively stimulate one signaling pathway more strongly 
than another (26). -Arrestin-biased agonists are a new 

class of drugs with promising therapeutic effects, espe-
cially in the treatment of heart failure (27). TRV120027 
is the first -arrestin-biased agonist designed to treat 
acute heart failure patients and is currently under phase 
2a trial (28). -Arrestin-biased agonists have been found 
to improve cardiomyocyte function and protect them 
against apoptosis (29). -Arrestin-biased agonists have 
been also found to reduce cardiac fibrosis (20). However, 
we recently reported that chronic treatment with the -

Fig. 2. AngII-stimulated ERM phosphorylation in NIH3T3 cells is independent of Gq protein. A, B) NIH3T3 cells stably 
over-expressing AT1AR and Gq-CT (inhibits Gq coupling to AT1AR) using the retroviral infection technique were fasted 
overnight and then stimulated with AngII (1 M) for 5 min. Then cells were lysed and samples were subjected to SDS-PAGE and 
western-blotted using polyclonal pERM and tERM antibodies. **P < 0.01, compared with the AngII control group, n = 3 indepen-
dent experiments. C, D) NIH3T3 cells stably over-expressing AT1AR and Gq (Q209L) (desensitizes AT1AR and down regulates 
Gq down stream signals) using the retroviral infection technique were fasted overnight and then stimulated with AngII (1 M) 
for 5 min. Then cells were lysed and samples were subjected to SDS-PAGE and western-blotted using polyclonal pERM 
and tERM antibodies. *P < 0.05, **P < 0.01, ***P < 0.001, compared with the AngII control group; @P < 0.05, compared with 
the Gq (Q209L) control group; ##P < 0.01, compared with the AngII 5-min stimulation group, n = 3 – 4 independent experiments. 
E, F) NIH3T3 cells stably over-expressing AT1AR and DN-Gq (down regulates Gq activity) using the retroviral infection 
technique were fasted overnight and then stimulated with AngII (1 M ) for 5 min. Then cells were lysed and samples were 
subjected to SDS-PAGE and western-blotted using polyclonal pERM and tERM antibodies. **P < 0.01, ***P < 0.001, compared 
with the AngII control group. n = 3 – 5 independent experiments. All P-values were analyzed by ANOVA with the Tukey 
correction. Data are shown as means ± S.E.M.
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blocker metoprolol induces cardiac fibrosis through -
arrestin2 (22). Another report also mentioned that -ar-
restins mediate fibroblast invasion and the development 
of pulmonary fibrosis (21). These results suggest that -

arrestins can mediate anti-fibrotic and profibrotic path-
ways depending on stimulants, receptor, and cell types.

Previous reports suggested that AngII-induced re-
sponses in cardiac fibroblasts and other fibroblast cell 

Fig. 3. AngII-stimulated ERM phosphorylation in NIH3T3 cells is dependent on -arrestin2. A, B) NIH3T3 cells stably over-
expressing AT1AR and -arrestin1 (-arr1) or -arrestin2 (-arr2) using the retroviral infection technique were fasted overnight 
and then stimulated with AngII (1 M) for 30 min. Then cells were lysed and samples were subjected to SDS-PAGE and western-
blotted using polyclonal pERM and tERM antibodies. *P < 0.05, ***P < 0.001, compared with the AngII control group; @P < 0.05, 
@@P < 0.01, compared with the AngII 30-min stimulation group; ###P < 0.001, compared with the AngII 30 min + -arr1 group, 
n = 3 – 4 independent experiments. C, D) NIH3T3 cells stably over-expressing AT1AR using the retroviral infection technique 
and treated with -arr2 siRNA to knockdown it were fasted overnight and then stimulated with AngII (1 M) for 30 min. Then 
cells were lysed and samples were subjected to SDS-PAGE and western-blotted using polyclonal pERM and tERM antibodies. 
***P < 0.001, compared with the AngII control group; @@@P < 0.001, compared with the AngII 30-min group, n = 4 independent 
experiments. E) Over expression of -arr1 and -arr2. F) -arr2 knockdown. G, H) NIH3T3 cells stably over-expressing AT1AR 
using the retroviral infection technique were fasted overnight, treated with (10 M) Y27632 (ROCK inhibitor) for 30 min, and 
then stimulated with AngII (1 M) for 30 min. Then cells were lysed and samples were subjected to SDS-PAGE and western-
blotted using polyclonal pERM and tERM antibodies (E, F). **P < 0.01, ***P < 0.001, compared with the AngII control group; 
$$$P < 0.001, compared with the AngII 30 min group; ###P < 0.001, compared with the Y27632 control group, n = 3 – 4 indepen-
dent experiments. All P-values were analyzed by ANOVA with the Tukey correction. Data are shown as means ± S.E.M.



 7Cell-Type–Dependent Biased Agonism

lines are different from those in cardiomyocytes and 
HEK293 cells (9, 19). In cardiac fibroblasts, AngII 
activates ERKs through a pathway including the G 
subunits of Gi protein and tyrosine kinases, whereas Gq 

and protein kinase C are important for ERK activation 
in cardiac myocytes (30). SII (previously classified as a 
-arrestin-biased agonist) stimulates Gq protein–inde-
pendent / -arrestin-dependent ERK phosphorylation in 

Fig. 4. SII inhibits ERM phosphorylation in NIH3T3 cells by acting as a Gq protein–biased agonist. A, B) NIH3T3 cells stably 
over-expressing AT1AR and -arr2 using the retroviral infection technique were fasted over night and then stimulated with SII 
(30 M) for 30 min. Then cells were lysed and samples were subjected to SDS-PAGE and western-blotted using polyclonal 
pERM and tERM antibodies. **P < 0.01, ***P < 0.001 compared with the SII control group, n = 3 independent experiments. 
C, D) NIH3T3 cells stably over-expressing AT1AR and Gq-CT using the retroviral infection technique were stimulated with SII 
(30 M) for 5 min. Then cells were lysed and samples were subjected to SDS-PAGE and western-blotted using polyclonal pERM 
and tERM antibodies. *P < 0.05, compared with the SII control group; @P < 0.05, compared with SII 5-min stimulation group, 
n = 3 – 5 independent experiments. E, F) NIH3T3 cells stably over-expressing AT1AR and Gq (Q209L) using retroviral infection 
were stimulated with SII (30 M) for 5 min. Then cells were lysed and samples were subjected to SDS-PAGE and western-blotted 
using polyclonal pERM and tERM antibodies. **P < 0.01, ***P < 0.001, compared with the SII control group; @@P < 0.01, 
compared with the Gq (Q209L) group; ###P < 0.001, compared with the SII 5-min stimulation group, n = 3 – 5 independent 
experiments. G, H) NIH3T3 cells stably over-expressing AT1AR and DN-Gq using retroviral infection were stimulated with SII 
(30 M) for 5 min. Then cells were lysed and samples were subjected to SDS-PAGE and western-blotted using polyclonal pERM 
and tERM antibodies. **P < 0.01, compared with the SII control group; #P < 0.05, compared with the DN-Gq group; $$$P < 0.001, 
compared with the SII 5-min stimulation group, n = 3 – 5 independent experiments. All P-values were analyzed by ANOVA 
with the Tukey correction. Data are shown as means ± S.E.M.
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HEK293 cells and cardiomyocytes (31, 27). The ability 
of SII to stimulate Gq protein signaling has been 
reported recently (9). This recent report demonstrated 
that SII can stimulate Gq protein signaling in a different 
way from that of AngII, although the degree of activation 
was much weaker than AngII. Published data on SII 
signaling pathways in cardiac fibroblasts and fibroblast 
cell lines is very limited and not clearly established. 
Therefore, we focused on the responses mediated by 
AngII and SII in NIH3T3 cells as a fibroblast cell line. 
We showed that AngII phosphorylates ERM proteins in 
NIH3T3 cells by acting as a -arrestin-biased agonist. 
We also showed that SII inhibits ERM phosphorylation 
by acting as a Gq protein–biased agonist in NIH3T3 
cells.

This data would suggest that AngII induces heart 
failure and cardiac fibrosis by acting as a Gq protein–
biased agonist in cardiomyocytes and a -arrestin-biased 
agonist in cardiac fibroblasts. The ability of SII to induce 
cardioprotection and reduce cardiac fibrosis may be 
due to stimulation of biased -arrestin signaling in 
cardiomyocytes and biased Gq protein signaling in 
cardiac fibroblasts.

Our findings explained the contradictory points 
regarding the effects of -arrestins on the heart. It also 
showed for the first time a new behavior of receptor 
agonists. We demonstrated that AT1AR agonists can 
induce their responses through G proteins or -arrestins 
depending on the cell type. The exact mechanism by 
which AngII and SII induce cell-type dependent re-

sponses is unknown. We think this is a particular point of 
interest and needs intensive investigation. Our study also 
introduced a new simple method for pharmacological 
screening of AT1R-biased agonists. Moreover, NIH3T3 
cells provided us with another face of AT1R-biased 
agonism that can facilitate our understanding of drug–
receptor–cell interaction in more detail.
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