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Abstract

Macrophages, via activation of the Toll-like receptors (TLR4), play an important role in the
pathogenesis of hypertension and associated end-organ damage. There is accumulating evidence to
suggest a protective role of the angiotensin AT, receptor (AT,R) in pathological conditions
involving inflammation and tissue injury. We have recently shown that AT,R stimulation is
renoprotective, in part, via increased anti-inflammatory interleukin-10 (IL-10) production in renal
epithelial cells, however the role of AT,R in macrophage inflammatory behavior is not known.
The present study was designed to investigate whether AT,R activation exerts an anti-
inflammatory response in TLR4-induced inflammation. The anti-inflammatory mechanisms of
AT>,R agonist C21 (1 pmol/ml) pre-treatment on the cytokine profile of THP-1 macrophages after
activation by LPS (1 pg/ml) was studied. The AT,R agonist dose-dependently attenuated LPS-
induced TNF-a and IL-6 production but increased IL-10 production. IL-10 was critical for the
anti-inflammatory effect of AT,R stimulation, since IL-10 neutralizing antibody dose-dependently
abolished the AT,R-mediated decrease in TNF-a level. Further, the enhanced IL-10 levels were
associated with a sustained, selective increase in phosphorylation of extracellular signal-regulated
kinase (ERK1/2), but not p38 MAPK. Blocking the activation of ERK1/2 prior to C21 pre-
treatment completely abrogated this increased 1L-10 production in response to AToR agonist C21,
while there was a partial reduction in IL-10 levels on inhibition of p38. We conclude that AT,R
stimulation exerts a novel anti-inflammatory response in THP-1 macrophages via enhanced I1L-10
production as a result of sustained, selective ERK1/2 phosphorylation, and thus may have
protective role in hypertension and associated tissue injury.
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INTRODUCTION

Chronic inflammation, characterized by elevated cytokine and chemokine expression, has
been shown to play a central role in the pathophysiology of hypertension and associated
endorgan damage, including renal injury1‘4. At the cellular level, chronic inflammation is
mediated largely by macrophages. Also, macrophage infiltration invariably accompanies
hypertensive organ damage, such as that to the blood vesselss, the heart6 and the kidneys7.
Moreover, circulating monocytes are activated in hypertensive patients and produce
increased amounts of pro-inflammatory cytokines, including tumor necrosis factor- a (TNF-
a), interleukin-1 (IL-1) and transforming growth factor- 8 (TGF—B)B. In fact, recent evidence
indicates that, rather than being a mere consequence of elevated blood pressure, macrophage
activation actually serves as a causative factor in the development of hypertensiongr 10,

The renin-angiotensin system (RAS) is a critical hormonal system that regulates blood
pressure and is abnormally activated in hypertensive patients. Macrophages also express all
major components of the RASH. Angiotensin Il (Ang Il), via the AT receptor has been
demonstrated to participate in the activation and pro-inflammatory polarization of
Ieukocyteslz‘M. However, the precise cellular mechanisms are not well defined. One
potential inflammatory pathway that has been implicated in hypertension is activation of
innate immune receptors, specifically Toll-like receptor-4 (TLR4) signalingls, which leads
to the production of an array of pro-inflammatory mediators. In fact, peripheral monocyte
TLR4 expression is markedly increased in hypertensive patients compared to normotensive
controlslﬁ. Further, Ang Il via the AT, receptor has been shown to up-regulate TLR4
expression17 and exacerbate pro-inflammatory cytokine production in response to TLR4
activation by lipopolysaccharide (LPS) in macrophageslg. Accumulating evidence suggests
that the AT receptor, which is generally considered to be a functional antagonist of the AT,
receptor, exerts an anti-inflammatory responselg‘ﬂ. We have previously shown that
stimulation of AT, receptor by the selective agonist Compound 21 (C21) attenuates pro-
inflammatory signaling in response to LPS-activation of proximal tubule epithelial cells via
increased 1L-10 production2 . However, whether AT, receptor can induce IL-10 production
and exert an anti-inflammatory response in LPS-activated macrophages has not been
investigated.

In macrophages, multiple pathways exist to promote IL-10 production23. Activation of
mitogen-activated protein kinases (MAPKSs), specifically via p38 and extracellular signal-
regulated kinase (ERK-1/2), has been shown to be required to increase IL-10 in
macrophages and inhibition of either MAPK blunts IL-10 production24—28. Moreover, high
ERK1/2 activation correlates well with the extent of IL-10 production in this cell—type23
Since the AT receptor has been linked to a sustained increase in ERK1/2 phosphorylation, it
is possible that this might be a potential molecular mechanism by which the AT, receptor
agonist can enhance 1L-10 production in macrophages.

The present study was designed to test the hypothesis that stimulation of the AT, receptor
attenuates TLR4-mediated pro-inflammatory cytokine production in macrophages via
increased I1L-10 production. We evaluated the effect of C21 on the production of TNF-a,
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IL-6 and IL-10 in LPS-activated THP-1 macrophages. We demonstrate that pre-treatment
with C21 significantly attenuated the levels of pro-inflammatory cytokines. This was found
to be dependent on increased 1L-10 production in response to AT, receptor activation.
Moreover, this up-regulation of IL-10 is mediated via a sustained, selective increase in
ERKZ1/2 phosphorylation.

MATERIALS AND METHODS

Cell culture and treatments

The human THP-1 monocytic cell-line (ATCC) was cultured in RPMI-1640 supplemented
with 10% heat-inactivated fetal bovine serum (FBS) and antibiotic/antimycotic cocktail
(penicillin 1200U/ml, streptomycin 100ug/ml and Amphotericin B 250 ng/ml) at 37°C in a
humidified atmosphere with 5% CO». Cell culture media and supplements were all
purchased from (HyClone, ThermoFisher Scientific, Inc.). To differentiate monocytes to
macrophages, 5x10° cells/well were treated with 40 nmol/L phorbol 12-myristate 13-acetate
(PMA) (Sigma) for 48 hours in RPMI-1640 containing 5% FBS. At the end of the 48 hour
incubation period, the medium was aspirated and cells were washed with RPMI-1640
without FBS and antibiotic/antimycotic and were incubated in this medium for 6-8 hours.
To eliminate pre-existing cytokine production, the medium was replaced by fresh serum free
medium before treatments were initiated. LPS (1pg/ml) (E.coli O55:B5, Sigma) was used to
induce the production of pro-inflammatory cytokines. Cells were pre-treated with C21
(Custom synthesized) 60 minutes prior to the addition of LPS and the drug remained in the
medium for the entire duration of treatment. Treatments with specific inhibitors including
Candesartan (1umol/l) (AstraZeneca) PD123319 (10umol/l) (Pfizer), SB203580 (10umol/l)
(Cell Signaling Technology) and PD98059 (10umol/l) (Cell Signaling Technology) were
carried out as indicated in the text and figure legends.

Immunoblotting

Macrophages were washed twice with PBS and lysed on the plate using ice-cold cell lysis
buffer (Cell Signaling Technology) containing protease (Roche) and phosphatase (Sigma)
inhibitor cocktails. Equal amounts of protein in Laemmli buffer were loaded per well (15 pg/
lane for AT1R, 45 ug/lane for AT,R and 30 pg/lane for ERK1/2 and p38 MAPK) and
separated by SDSPAGE using a Tris-Glycine system. Proteins were then transferred to a
PVDF membrane using the wet transfer protocol. The membrane was incubated in 5% non-
fat dry milk in PBST for 1 hour, following overnight incubation with primary antibodies for
AT1R (Biomolecular Integrations), AT,R (EZ Biolabs, Inc), p-ERK1/2 (Cell Signaling
Technology) and p-p38 MAPK (Cell Signaling Technology) at a 1:1000 dilution. This was
followed by washing with PBST and 1 hour incubation with appropriate HRP-conjugated
secondary antibodies (Santa Cruz Biotechnology, Inc). Chemiluminesence was detected by
the addition of Luminol HRP substrate (Santa Cruz Biotechnology, Inc.) and quantified by
software-assisted densitometric analysis (Alpha Innotech Corp.). To ensure equal loading,
blots were stripped and re-probed for f-Actin (BioVision) for AT{R and AT,R, total-p38 and
total-ERK1/2 for p-p38 and p-ERK1/2, respectively (Cell Signaling Technology).
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ELISA

Cytokines in the medium were assessed by kit-based ELISA using the manufacturers
protocols (R&D Systems).

MRNA Expression by RT-PCR

Total RNA from the cells was extracted using the RNEasy kits (Qiagen) according to the
manufacturer’s protocol. cDNA was synthesized by RT-PCR from 1 pg of total RNA using
the SuperScript 1 First-Strand Synthesis System (Life Technologies). This cDNA was used
as a template for the quantitative RT-PCR analysis of gene expressions of 7TA/FA, /L6and

/L 10using TagMan gene expression assays (Applied Biosystems). Relative quantification
was determined using the delta-delta Ct method with GAPDH as a control.

Statistical Analysis

Data are presented as means £SEM. Student’s #test was used to compare means of two
groups. One-way ANOVA with post-hoc test (Tukey) for multiple comparisons was used to
compare variations between more than 2 groups. A value of p<0.05 was considered
statistically significant, with n=5-8 experiments per group.

RESULTS

Expression of angiotensin AT, and AT, receptors in THP-1 macrophages

THP-1 macrophages express both, AT{R and AT,R. The expression of both receptor

subtypes was not altered by C21 or LPS treatment (Figure 1A, B); however C21 pre-

treatment lowered AT{R expression by ~50% in response to LPS (Figure 1A), which is in

agreement with a number of reports demonstrating the AT,R-mediated down-regulation of
. - .. 2931

AT1R in pathophysiological conditions .

Effect of AToR agonist (C21) and AT;R antagonist (candesartan) on cytokine production by
LPS-activated THP-1 macrophages

THP-1 Macrophages were treated with LPS (1 pug/ml) for 24 hours to induce the expression
of pro-inflammatory cytokines (TNF-a and IL-6) and anti-inflammatory cytokine, I1L-10.
Pre-treatment with AT2R agonist C21 (1 pmol/L) attenuated the LPS-induced TNF-a and
IL-6 production by ~33% and ~50%, respectively, with a concurrent 75% increase in IL-10
production. This anti-inflammatory response was blocked by AT,R antagonist PD123319
(10 umol/L), suggesting an AT, receptor-mediated effect. However, AT{R antagonist
candesartan (1 pmol/L) pre-treatment did not alter the cytokine levels in response to LPS
(Figure 2 A-C).

Anti-inflammatory effect of AT,R agonist (C21) on cytokine production by LPS-activated
THP-1 macrophages is mediated via increased IL-10 production

AT>,R agonist C21 pre-treatment dose dependently (0.1-10 umol/L) attenuated the
production of TNF-a (Figure 3A) while IL-10 production was concurrently enhanced
(Figure 3B) in LPS-activated THP-1 macrophages 24 hours post-LPS. Pre-treatment with
C21 before LPS-activation resulted in lower TNF-a levels starting as early as 60 minutes
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post-LPS and this trend continued up to 4 hours (Figure 3C). Cells pre-treated with C21 for
1 hour produced measurable amounts of antiinflammatory IL-10 at the time of addition of
LPS and the IL-10 levels continued to be higher up to 4 hours compared to LPS treated
control cells (Figure 3D). Thus, AT,R agonist exerts an antiinflammatory effect on early
cytokine production in THP-1 macrophages and this response is dose-dependent.

Cytokine production at the level of MRNA and protein released in the media was assessed at
24 hours post-LPS activation to determine the effect of chronic stimulation of AT,R. C21
pre-treatment significantly attenuated pro-inflammatory TNF-a and IL-6 mRNA as well as
protein expression (Figure 4A, 4B, 4D, 4E). Conversely, IL-10 in the media was
significantly higher in C21 pre-treated cells after LPS stimulation (Figure 4F). Interestingly,
IL-10 mRNA expression was higher in C21 treated cells, even in the absence of LPS
activation (Figure 4C), though this did not translate to higher IL-10 protein expression in this
treatment group (Figure 4F). Further, a neutralizing antibody to I1L-10 dose-dependently
ameliorated the effect of C21 on LPS-induced TNF-a production (Figure 5). Thus, the
increase in IL-10 production in response to C21 in the presence of LPS appears to be critical
for attenuating the anti-inflammatory response to LPS.

Involvement of p38 and ERK1/2 MAPKs in AT;R-mediated increase in IL-10 production

The activation of MAPKS, specifically p38 and ERK1/2, has been shown to be a key
requirement for the regulation of IL-10 production in macrophages™ 28. 3233, | ps
treatment led to a rapid phosphorylation of p38 and ERK1/2 which peaked at 30 minutes
post-LPS and returned to basal levels by 2 hours post-LPS (Figure 6A,B 7A,B). C21 pre-
treatment delayed the peak of p38 phosphorylation to 1 hour post-LPS (Figure 6A,B).
Incubation with a p38 inhibitor (SB203580; 10umol/L) prior to C21 pre-treatment partially
abolished the C21-mediated increase in IL-10 at 24 hours post-LPS activation (Figure 6C).

On the other hand, C21 pre-treatment resulted in a delayed, sustained increase in ERK1/2
phosphorylation (Figure 7A,B), which persisted up to 24 hours post-LPS treatment (Figure
7C). Moreover, pre-incubation of cells with a MEK inhibitor (PD98059; 10 pmol/L), which
prevents ERK1/2 activation, prior to C21 pre-treatment completely prevented the C21-
mediated increase in IL-10 at 24 hours post-LPS activation (Figure 7D), suggesting that the
sustained, selective ERK1/2 phosphorylation associated with AT,R agonist is essential for
the increase in IL-10 production. C21 treatment alone did not induce ERK1/2
phosphorylation at 24 hours (Figure 7C) or earlier time points (data not shown), suggesting
that LPS-mediated signaling is required for C21 to exert its anti-inflammatory effect.

DISCUSSION

Macrophages, via activation of the TLR4-mediated pro-inflammatory signaling, play an
important role in the initiation and progression of hypertension and associated end-organ
damage. Macrophages express AT, receptorsll, which have been demonstrated to attenuate
TLR-mediated pro-inflammatory cytokine production in proximal tubule epithelial cellszz.
In the present study, we have demonstrated that pre-treatment of THP-1 macrophages with
AT,R agonist C21 attenuates TNF-a and IL-6 production in response to activation of TLR4
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by LPS. This effect is mainly a result of increased IL-10 production by macrophages via a
sustained, selective increase in ERK1/2 phosphorylation.

Ang 1l via the AT receptor has been documented to promote pro-inflammatory cytokine and

chemokine production in a manner similar to TLR4-mediated signaling in a number of
7_39

tissues including endothelial cells®* 35 renal tubular epithelial cellsge, dendritic cells® ,
and T Iymphocytes4o‘42. However, its precise role in macrophages/monocytes is
controversial. Incubation of monocytes with Ang Il has been shown to induce the expression
of the chemokine monocyte chemoattractant protein-1 (MCP—1)43, while no effect was
observed on the production of cytokines44. The RAS is up-regulated during monocyte
differentiation and macrophages express a relatively higher level of AT, and AT, receptors
compared to monocytesll. Incubation of macrophages with Ang Il via AT1R activation
resulted in increased IL-6 production, without affecting TNF—q18' 45, Further, the interaction
between Ang Il and enhanced TLR4 signaling has been reported”' 46-48, However,
interpretation of these findings has been made complicated by the fact that the commonly
used ATR blockers, including losartan and candesartan, have been found to exert anti-
inflammatory actions independent of the AT;R® 44,

Conversely, the anti-inflammatory role of the AT,R, which is generally considered to act as
a functional antagonist of the AT{R, has been demonstrated in a number of /n vitroand in
vivo modelslg‘zzv 49 Here, we report that at higher concentration of LPS (1 pg/ml compared
44 . oo :
to 50 ng/ml used by Larrayoz et al. ), candesartan was ineffective in lowering pro-
inflammatory cytokine production while AT,R agonist C21 significantly lowered both, TNF-
a and IL-6 which was associated with an increase in the anti-inflammatory cytokine 1L-10
production. Since this alteration in cytokine profile could be blocked by AT,R antagonist
PD123319, we conclude this anti-inflammatory effect was a specific AT, receptor mediated
response. We found that pre-treatment with C21 in the presence of LPS also attenuated
AT 1R expression. The down-regulation of AT1R in response to AT,R stimulation under
N . . . 29_31
pathophysiological conditions has been reported in a number of experimental models .
In the present study, however, this observation may be unrelated to the anti-inflammatory
response to AT,R agonist since the increase in pro-inflammatory cytokine levels did not
appear to be mediated via AT1R activation.

We have previously shown that AT,R stimulation resulted in enhanced IL-10 secretion by
proximal tubule epithelial cellszz. A similar observation was reported in a specific subset of
splenic CD8*AT2R* T cells which produced uncharacteristically high amounts of I1L-10 and
AT>,R stimulation by Ang Il as well as by C21 further augmented the IL-10 production5o.
Here we report that C21 alone increased the IL-10 gene expression, however, this did not
translate to increased IL-10 protein secretion, except in the presence of TLR4 activation by
LPS. This could be a result of post-transcriptional modifications to IL-10 mRNA that have
been shown to occur in immune cells as a means of regulation of IL-10 production in the
absence of an inflammatory stimulus®.

Though there is considerable evidence to suggest an anti-inflammatory effect of AT,
receptor stimulation, the signaling pathways involved in mediating this response lack clear
definition and are still a subject of debate. Moreover, the cell-types and experimental
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conditions greatly influence the downstream signaling cascades activated by the AT,R.
Typically, AToR stimulation results in the activation of phosphatases, including MAP kinase
phosphatase-1 (MKP-1)52‘54 and SH-2 domain containing phosphatase-1 (SHP-1)55‘57,
which ultimately leads to AT,R-mediated apoptosis. On the other hand, AT,R stimulation
has also shown to promote cellular differentiation via a sustained increase in ERK1/2
phosphorylation&-’s‘61 which is independent of cAMP-mediated signalingez. In the present
study, AToR agonist pre-treatment resulted in a delayed increase in ERK1/2 phosphorylation
which was sustained up to 24 hours post-LPS activation, however, AT,R agonist alone did
not promote ERK1/2 phosphorylation at any of the time points studied, nor was IL-10
detectable in the medium. Thus, it appears that LPS-mediated signaling pathways are
required for the augmented IL-10 production by AToR agonist. It may be speculated that
C21 pre-treatment ‘primes’ macrophages such that in the presence of an activating signal
such as LPS, their polarization to the ‘alternatively activated’, anti-inflammatory M2
phenotype is favored over the pro-inflammatory, ‘classically activated’ M1 phenotype.

In macrophages, multiple pathways exist that can regulate the production of IL-10
depending upon the activating stimulus®® 63-%_ of these, activation of p38 and ERK1/2
MAPKSs has been shown to be critical for induction of IL-10 synthesi523‘28. We report that
inhibition of p38 activation partially abrogated the AT,R-mediated increase in IL-10 while
inhibition of ERK1/2 activation resulted in a complete lack of IL-10 production in response
to AT,R stimulation, suggesting that p38 MAPK may contribute to, but is not essential for
AT,R-mediated IL-10 expression. This observation could also be linked to the altered
kinetics of p38 MAPK phosphorylation in response to LPS in the presence and absence of
AT,R agonist pretreatment. However, the precise mechanisms that orchestrate these changes

in time course of MAPK phosphorylation require further investigation.

Over the past decade, AT,R stimulation has emerged as a potential therapeutic target for the
treatment of hypertension and end-organ damage®": 22 29.67.68 particularly with
concomitant AT{R bIockadeGg' 0, Further, AT,R activation at the level of the kidney has
been shown to promote vasodilation and natriuresis, thus affording renoprotection in the
setting of hypertension> 71 72, Though administration of C21 has been shown to have a
modest, if any, effect on lowering blood pressure®™ 68. 73"  its protective effects on
inflammation, oxidative stress, fibrosis and vascular remodeling underscore the potential
benefit of the addition of an AT,R agonist to the currently used classical anti-hypertensive
drugs to retard the progression of hypertension and end-organ damage. Here, we identify
macrophages, which play a central role in the initiation and progression of hypertension-
associated target organ damage, as an additional target of AT,R stimulation.

In conclusion, the present study demonstrates a novel anti-inflammatory role for AT,R
stimulation in macrophages involving the attenuation of TLR4-mediated pro-inflammatory
cytokine production. We further demonstrate that ERK1/2-dependent increased 1L-10
production is a key event involved in mediating this anti-inflammatory response. Thus, it
may be speculated that stimulation of the AT, receptor may be beneficial in hypertension
owing to its protective effects not only on hemodynamic factors, such as vasodilation and
Na* excretion, but also as a consequence of attenuation of inflammation and associated end-
organ injury.
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Figure 1. Expression of angiotensin Il receptorsin THP-1 macrophages
Protein expression by immunoblotting of angiotensin AT (A) and AT, (B) receptors in

THP-1 macrophages after 24 hours treatment with vehicle (Ctrl), AT,R agonist C21 (C21;
Lumol/l), LPS (1ug/ml) or both LPS+C21. Cells were pre-treated with C21 (1umol/l) for 60
minutes prior to LPS-activation. Data are represented as mean + SEM. * indicates p<0.05 vs
Ctrl THP-1 macrophages (n=5).
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Figure 2. Effect of AT 2R agonist (C21) and AT 1R antagonist (Candesartan) on cytokine
production by L PS-activated THP-1 macrophages
THP-1 macrophages were incubated with either AT,R agonist (C21; 1umol/l) or AT{R

antagonist Candesartan (Can; 1umol/l) for 60 minutes prior to activation with LPS (1pg/ml).
To demonstrate the specificity of C21, an additional group of cells were incubated with
AT>,R antagonist PD123319 (PD; 10umol/l) for 30 minutes prior to C21 pre-treatment. The
cytokines TNF-a (A), IL-6 (B) and I1L-10 (C) were assessed in the media 24 hours after
LPS-activation by ELISA. Data are represented as mean + SEM. * indicates p<0.05 vs Ctrl,
#indicates p<0.05 vs LPS treated and $ indicates p<0.05 vs LPS+C21 treated THP-1
macrophages (n=6).
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Figure 3. Dose-dependent and time-dependent effects of AT 2R agonist (C21) on cytokine

production by L PS-activated THP-1 macrophages
The dose-dependent effect of AT,R agonist C21 on TNF-a (A)

and 1L-10 (B) was assessed

at 24 hours following LPS-activation (1ug/ml). C21 pre-treatment (0.1-10umol/l) was given
60 minutes before LPS and cytokines in the media were assessed by ELISA. An additional
set of cells was incubated with AT,R antagonist PD123319 (PD; 10umol/l) for 30 minutes
prior to C21 pre-treatment to demonstrate the receptor specificity of C21. The TNF-a (C)
and IL-10 (D) production at earlier time points was also determined in the media at the

indicated times after LPS-activation following C21 (1umol/ml)

pretreatment. Data are

represented as mean + SEM. * indicates p<0.05 vs respective control (n=6).
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Figure 4. Effect of AT2R agonist (C21) on mRNA and protein expression of cytokines by L PS-
activated THP-1 macrophages
Macrophages were treated with vehicle (Control), C21 (1umol/ml), LPS (1ug/ml) or both,

LPS and C21 (LPS+C21). C21 (1umol/l) pre-treatment was started 60 minutes prior to LPS-
activation. Expression of TNF-a, IL-6 and IL-10 at the level of mMRNA (A, B, C) was
determined by RT-PCR while TNF-a, IL-6 and IL-10 protein was quantified in the media
(D, E, F) by ELISA 24 hours after LPS-activation. Data are represented as mean + SEM. *
indicates p<0.05 vs Control and # indicates p<0.05 vs LPS treated THP-1 macrophages
(n=5-8).
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Figure 5. Dose-dependent inhibition of on the anti-inflammatory effect of AToR agonist (C21) on
TNF- a production by neutralizing interleukin-10 (I1L-10) antibody

Cells were incubated with increasing doses of neutralizing IL-10 antibody (0.125-2.5ug/ml)
for 30 minutes prior to C21 pre-treatement (Lumol/l). Cells were activated with LPS
(1png/ml) 60 minutes after addition of C21. Cytokine concentrations in media were measured
by ELISA. Data are represented as mean + SEM. * indicates p<0.05 vs LPS, # indicates

p<0.05 vs LPS+C21 treated THP-1 macrophages (n=5).
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Figure 6. Effect of pre-treatment with AT 2R agonist (C21) on the phosphorylation of p38 MAPK
The time course of p38 phosphorylation in response to LPS-activation with or without C21

was determined by immunoblotting (A) and the ratio of phophorylated to toal p38 was
quantified (B). C21 pre-treatment (1umol/l) was started 60 minutes prior to the addition of
LPS (1pg/ml). Times indicated are after the addition of LPS. The effect of p38 inhibition on
IL-10 production was also assessed (C). Macrophages were activated with LPS (1ug/ml) 60
minutes after addition of C21 (1umol/l). An additional set of cells was pre-treated with p38
inhibitor SB203580 (10pmol/l) for 60 minutes before C21 was added. Cytokine
concentrations in media were measured by ELISA 24 hours after LPS treatment. Data are
represented as mean + SEM. * indicates p<0.05 vs Ctrl, # indicates p<0.05 vs LPS treated
and $ indicates p<0.05 vs LPS+C21 treated THP-1 macrophages (n=6).
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Figure 7. Effect of pre-treatment with AT 2R agonist (C21) on the phosphorylation of ERK 1/2
The time course of ERK1/2 phosphorylation in response to LPS-activation with or without

C21 was determined by immunoblotting (A) and the ratio of phophorylated to total ERK1/2
was quantified (B). C21 pre-treatment (1umol/l) was started 60 minutes prior to the addition
of LPS (1pg/ml). Times indicated are after the addition of LPS. To assess whether AT,R
agonist led to a sustained increase in ERK1/2 phosphorylation, macrophages were activated
with LPS (1ug/ml) 60 minutes after addition of C21 (1umol/l) and cells were collected after
24 hours post-LPS treatment. Subsequently, the ratio of phophorylated to total ERK1/2 was
quantified by immunoblotting (C). The effect of inhibition of ERK1/2 phosphorylation on
IL-10 production was also assessed (D). Macrophages were activated with LPS (1pg/ml) 60
minutes after addition of C21 (1umol/l). An additional set of cells was pre-treated with MEK
inhibitor PD98059 (10umol/l) for 60 minutes before C21 was added. Cytokine
concentrations in media were measured by ELISA 24 hours after LPS treatment. Data are
represented as mean + SEM. * indicates p<0.05 vs Ctrl, # indicates p<0.05 vs LPS treated
and $ indicates p<0.05 vs LPS+C21 treated THP-1 macrophages (n=6).
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