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Abstract

Angiotensin Il (Angll) is considered as a cytokine-like factor displaying a variety of proinflammatory and profibrotic cellular effects. Most
of these effects seem mediated by AT1 signaling, whereas AT2 expression and function in adult human cells remain unclear. We have studied
AT1 and AT2 expression in different human adult fibroblasts types and analyze their response to Angll. Angll did not induce thymidine
incorporation, apoptosis nor collagen gene or protein expression in human fibroblasts. Specific AT1 or AT2 inhibitors did not modify this
apparent resistance to Angll. We found abundant expression of both AT1 and AT2 receptors in all human fibroblasts studied, whereas vascular
smooth muscle cells (VSMC) which only expressed AT1 receptor, displayed a clear AT1-dependent proliferative response to Angll. These
data demonstrate that cultured human adult fibroblasts express both AT1 and AT2 receptor types and this phenomenon is associated with a
lack of growth or collagen synthesis responses to Angll.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction Under physiological conditions, AT1 receptor regulates
blood pressure and water and electrolyte homeostasis,
Angiotensin Il (Angll) is the major effector peptide of the whereas in pathology, AT1 function has been linked to vas-
rennin—angiotensin system, which plays a prominent role in cular, renal and cardiac fibroproliferative diseage24,29]
vascular and renal homeostatic balance. Nowadays, Angll isin contrast, the physiopathological roles of AT2 receptor
also considered as a true cytokine displaying a large vari- are less clear. Based on its pattern of expression, stud-
ety of cellular effects involved in cell growth, inflammation ies in transgenic and knockout animal models, and cellular
and extra cellular matrix (ECM) synthegia7]. The effects in vitro studies, AT2 receptor appears to modulate tissues
of Angll are mediated by specific receptors, AT1 and AT2 development and repair by counterbalancing AT1 mediated
being the main subtypes. Both AT1 and AT2 receptors are effects[3,12,35-37] The therapeutic impact of AT1 spe-
seven transmembrane-spanning G protein-coupled receptorsific inhibitors has confirmed its participation in vascular
[5]. Most of the physiological effects of Angll are mediated and renal fibroproliferative diseasgks4,18] However, the
by AT1 receptor, which is widely expressed by most cell multiple functions of this receptor in vascular and renal home-
types, whereas AT2 expression is more restricted and it is ostasis, inflammatory cells behavior and resident fibroblasts
predominant in fetal tissues where it has been suggested tmr smooth muscle cells, make the specific contribution AT1 to

play a role during developmefi]. these interdependent processes difficult to dissect in humans
or animal models of disease.
"+ Corresponding author. Tel.: +34 1 3908269; fax: +34 1 3908269 The potential contribution of the Angll receptor subtypes
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ing Angll receptors using specific AT1 or AT2 inhibitors penicillin/streptomycin and used between passages seven and
[13,16,26] In spite of the proposed role for AT1 in fibro- nine. Allfibroblasts types were grown in Dulbecco’s modified
proliferative lesions, there is scarce information regarding Eagle’s medium (DMEM) with 10% fetal calf serum (FCS)
the cellular effects of AT2 signaling in human adult fibrob- and penicillin/streptomycin and used between passages 3
lasts. Most studies in adult fibroblasts are consistent with and 10.
exclusive expression of AT1 receptor, which can mediate cell
proliferation and ECM synthesi,9-11,15,22,29]How- 2.2. Cell proliferation and apoptosis
ever, some data suggest that human adult renal, cardiac and
dermal fibroblasts can also express AT2 receptor, althoughits  Cell proliferation was evaluated by determining DNA syn-
function has not been well characterif&é,29,32] Different thesis rates by3H] thymidine incorporation. The effect of
studies suggest that coexpression of AT1 and AT2 receptordifferent Angll (Sigma—Aldrich, Madrid, Spain) concentra-
antagonizes the cellular effects of AT1 receptor activation tions under different serum conditions was analyzed. To study
by two mechanisms, first by specific AT2 intracellular sig- the potential role of AT1 and AT2 receptors, losartan (losar-
naling that results in a final antagonistic effect (i.e. growth tan potassium, Merck & Co. Inc., Rahway, NJ) or PD123319
inhibition) [6,33], and second, by abrogating AT1 signaling (PD123319 ditrifluoroacetate, Sigma—Aldrich) were added to
through the formation of AT1/AT2 heterodimeric receptors the cultures at different concentrations 30 min before Angll
[1]. The later mechanism has been characterized in fetalstimulation. Subconfluent fibroblasts or VSMC cultured in
fibroblasts and human myometrial biopsies where coexpres-24-well plates were synchronized in DMEM supplemented
sion of both receptor types has been demonstrated. In thesavith 0.1% FCS for 48h and then treated for 24 h with
models, AT1 is insensitive to Angll stimulation and the effect 0.1uM Angll, 10 uM losartan, 1uM PD123319, or 10%
is not dependent on AT2 signaling by Angll. AT2 receptor FCS and pulsed with L.Ci/ml [3H] thymidine during the last
expression can also participate in apoptosis independently of4 h. Cell extracts were precipitated with 10% trichloroacetic
its ligand Angll[17]. In spite of the described counterbalanc- acid for 45min at 4C. After centrifugation, pellets were
ing effects of AT2 receptor on AT1 responses, there is little washed with 10% trichloroacetic acid and solubilized in 0.3N
information regarding their role in human cells. In cardiac NaOH/1% sodium dodecy! sulphate for liquid scintillation
fibroblasts from failing hearts, an increase in AT2 expression counting.
has been shown to inhibit Angll-induced mitogenic signaling  The potential effect of Angll to modulate DF apoptosis
[32]. induced by serum deprivation was analyzed by direct count-
The aim of this study was to analyze AT1 and AT2 recep- ing of TUNEL-labeled nuclei in fibroblasts grown on cov-
tors expression in different types of human adult fibroblasts erslips. After 48 h of FCS starvation, cultures were exposed
and the biological effects of specific AT1 and AT2 inhibition. during 24 h to 0.3uM Angll with or without 10uM losar-
We have specifically analyzed the potential role of Angll tan or 10uM PD123319. Coverslips were fixed with 4%
in cellular proliferation, collagen synthesis and apoptosis, formaldehyde and labeled by TUNEL with fluorescein-dUTP
which seem the most relevant cellular effects described soas previously describef28]. Nuclei were simultaneously
far regarding fibroproliferative diseases. labeled with 4,6-diamidino-2-phenylindole (DAPI). Cover-
slips were observed under a fluorescence microscope and
the proportion of apoptotic cells was calculated by dividing
2. Material and methods the number of positive-TUNEL cells by the total number of
DAPI-labeled nuclei.
2.1. Cell cultures
2.3. Collagen expression by fibroblast cultures
Dermal fibroblasts (DF) were obtained from skin biopsies
from fibrotic skin of three patients with diffuse systemic scle- Procollagenal(l) mRNA expression was analyzed by
rosis (SSc) and three sex- and age-matched healthy controlsNorthern blot as previously describg84]. Three normal
Normal skin biopsies were obtained from the normal margins and three SSc DF lines were analyzed under basal con-
of benign cutaneous lesions during minor cosmetic surgery. ditions (DMEM with 10% FCS) and after exposure for
Synovial fibroblasts (SF) were isolated from synovial tissue 48 h to 0.1uM Angll. The autoradiograms were gquantified
obtained from patients with osteoarthritis at the time of knee by scanning laser densitometry. The level of procollagen
prosthetic replacement surgery. Adult primary lung fibrob- «1(I) mRNA in each sample was normalized to the level
lasts (LF) were isolated from lung tissue obtained from the of GAPDH.
normal margins of a nodular lesion at the time of diagnos-  Quantitative determination of collagen synthesis was
tic biopsy by thoracotomy. Vascular smooth muscle cells performed by procollagen type | C-peptide (PIP) specific
(VSMC) obtained from rat thoracic aorta were a gift from enzyme immunoassay (EIA), according to manufacturer
Dr. Sanchez-Pernaute (Renal and Vascular Research Laboraprocedure (Takara Biomedicals, Takara Shuzo Co., Japan).
tory, Fundaddn Jiménez-Daz, Madrid, Spain). VSMC were  Briefly, PIP present in the media derived from DF cultures
grown in DMEM with 10% non-heat inactivated FCS and was bound to peroxidase-labeled anti-PIP antibody, with
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color development proportional to the amount of PIP. The by enhanced luminol chemiluminescence in the presence of
amount of PIP was determined by measuring the absorbancéiydrogen peroxide (SuperSignal system; Pierce, Rockford,
in an EIA plate reader. Duplicate cultures from three normal IL).

and three SSc DF grown in 0.5% FCS DMEM, after exposure
to 0.1uM Angll with or without pretreatment with 10M

losartan or 1M PD123319 were analyzed. 3. Results

3.1. Proliferation of human adult fibroblasts treated
2.4. Angll receptor subtypes expression with Angll

The AT1 and AT2 protein expression was analyzed by  Exposure to 0.1uM Angll for 24 h did not induce thymi-
Western blot. Protein from fofibroblasts or VSMC was  dineincorporation in any of the studied human fibroblast lines
extracted in ice-cold lysis buffer (10 mM Tris—HCI, pH 8, (Fig. 1A). As positive control, cells were exposed to 10%
1 mM EDTA, 150 mM NacCl, 0.1% sodium dodecyl sulphate FCS and a significant proliferative effect was obtained in all
(SDS), 10ug/ml of leupeptin, 1Qug/ml of aprotinin, Zug/ml fibroblasts lines. In contrast, a significant increase in thymi-
of pepstatin A and 0.5 mM phenylmethylsulfonyl fluoride). dine incorporation was detected in rat VSMC stimulated with
The supernatant was used for electrophoresis on SDS-109®0.1uM Angll (Fig. 1A). Different Angll concentrations (0.1,
polyacrylamide gels and transferred electrophoretically to 1 and 1Qu.M) under different serum conditions (0.1, 5 and
nitrocellulose filters. After blocking 2h with 5% non-fat 10% FCS) were analyzed and no Angll-dependent thymi-
dried milk in Tris buffered saline containing 0.05% Tween dine incorporation was detected under any condition (data
20 (TBST), the membranes were incubated overnight at not shown).
4°C with 3ug of anti-AT1 (polyclonal N-10), 3.34g of To analyze Angll differential effects after specific block-
anti-AT2 (polyclonal C-18) (Santa Cruz Biotechnology, ing of either AT1 or AT2 receptor, similar experiments were
Santa Cruz, CA) or anfs-actin antibodies (clone AC-15; performed in DF by adding 0[AM Angll after pretreat-
Sigma—Aldrich) in 5% non-fat dried milk in TBST. The fil- ment with 10uM losartan or 1QuM PD123319. Similarly
ters were washed and incubated for 1 h with goat anti-rabbit to untreated cells, no proliferative responses were detected
IgG (for anti-AT1) or donkey anti-goat 1gG (for anti-AT2) in the presence of either inhibitoFig. 1B). In rat VSMC,
horseradish peroxidase conjugated antibodies at 1:2500l0sartan but no PD123319 inhibited thymidine incorporation
dilution (Santa Cruz Biotechnology). Bands were visualized induced by Angll stimulation.
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Fig. 1. Proliferation of human adult fibroblasts as determinedH§ thymidine incorporation. Mean (cpm/cell number) and standard deviation from triplicate
cultures are reflected. (A) Different human fibroblasts and rat VSMC maintained under basal conditions (0.1% FCS) and expqskld4nd)llor 10%

FCS for 24 h. (B) Mean (cpm/cell number) and standard deviation from triplicate cultures of a DF and VSMC lines exposgiitéd@dll in the presence

or absence of 1AM losartan and 1Q.M PD123319.
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Fig. 2. Collagen expression in fibroblast cultures. (A) Procollaggf) and GAPDH mRNA from three normal (N) and three SSc DF lines grown under basal
conditions (10% FCS) and exposed to @Ml Angll for 48 h. On the right, mean densitometric quantification in triplicate cultures corresponding to procollagen
a1(l) MRNA normalized to the level of GAPDH is shown. (B) Quantitative determinatianlgff) collagen protein synthesis (ng/ml) in duplicate cultures of
three normal (C) and three SSc DF.

3.2. Collagen expression by human DF treated with losartan or 1M PD123319. The proportion of apoptotic
Angll fibroblasts was analyzed by direct TUNEL analysis of fibrob-
lasts fixed on coverslips. Serum starvation induced a signif-
The expression o&1(l) procollagen mRNA in DF from icant increase in the proportion of apoptotic fibroblasts after
three healthy controls and from three patients with skin fibro- 72 h (p<0.0001). Treatment with 0{AM Angll either in the
sis due to SSc was analyzed by Northern blot. Treatment with presence or absence of AWM losartan or 1M PD123319
0.1uM Angll for 48h did not increasex1(l) procollagen did not modify the apoptotic response to serum deprivation
mMRNA levels normalized to GAPDH neither in normal nor nor induced apoptosis in 10% FCS culturBgy( 3.
in SSc fibroblastsKig. 2A).
Theal(l) collagen protein synthesis was evaluated by PIP
specific EIA in normal or SSc DF cultures. Duplicate cultures [ ] _Angl
from three normal and three SSc DF were analyzed. We ana- ] [ +0.1 uM Angll
lyzed DF cultures under basal or M Angll stimulated oy 1. +10 uM losartan
conditions, in the presence or absence ofilDlosartan or : D + 10 uM PD123319
10uM PD123319. Stimulation with Angll did not induce a
significant increase in collagen synthesis, and AT1 and AT2
specific inhibitors did not modify collagen synthesis under
basal or Angll stimulated conditiong $ 0.05 for all com-

% apoptotic cells
=

parisons) Kig ) 0% FCS 10% FCS
3.3. Apoptosis in DF treated with Angll Fig. 3. Apoptotic response to serum deprivation of fibroblasts treated with

Angll. The proportion of apoptotic fibroblasts was analyzed by direct

. TUNEL analysis of fibroblasts cultured on coverslips. Mean percent of apop-
DF from healthy controls and SSc patients were grown totic cells and standard deviation from triplicate cultures of DF grown in

on coverslips and, after 48 h of FF:S Star\_/ationy they were pmem with 0% FCS or 10% FCS in the presence or absence ofBl1
exposed for 24 h to 0,AM Angll with or without 10uM Angll, 10pM losartan and 1M PD123319 for 24 h are represented.
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Fig. 4. AT1 and AT2 receptors protein expression in human fibroblasts by Western blot. Different human adult fibroblasts types and rat VSMC grown under
10% FCS (B) and after 48 h serum starvatietFCS) are represented. Normal (C) and systemic sclerosis (SSc) dermal fibroblasts, synovial fibroblasts (SF),
lung fibroblasts (LF) and vascular smooth muscle cells (VSMC).

3.4. Angll receptor subtypes expression in VSMC Angll induced strong proliferative responses.
Endogenous Angll synthesis has been demonstrated in
The expression of AT1 and AT2 protein was analyzed human fibroblast$10], but our results using AT1 or AT2
by Western blot. Anti-AT1 antibodies specifically detected a inhibitors in non-stimulated cells also rule out a role for
45 kDa protein, and anti-AT2, a 40 kDa protein, consistently autocrine Angll in cell proliferation or collagen synthesis.
with previous studief5]. All studied fibroblast types and rat Our data demonstrate that all studied human fibroblast lin-
VSMC expressed AT1 receptor. All fibroblast types did also eages coexpress AT1 and AT2 receptors at the protein level.
express AT2, whereas it was not detectable in VSMC. No dif- Interestingly, rat VSMC, which display Angll mediated pro-
ferences in AT1 or AT2 expression were detected after serumliferation did only express AT1 receptor and consistently,
starvation after adjusting f®-actin expressionHig. 4). cell proliferation was specifically blocked by losartan. This
suggests that similarly to other cellular models of AT1 and
AT2 receptors coexpression, Angll does not induce func-
4. Discussion tional effects in human fibroblasts. In AT2 transfected cells,
overexpression of AT2 reduces proliferation by counteracting
Recent studies have highlighted the potential role of Angll AT1 receptor signaling19,30] In pathological conditions,
as a cytokine-like mediator besides a vasoactive hormone.such as heart failure, up-regulation of AT2 inhibits Angll-
Accordingly, Angll is considered as a growth factor that induced mitogen signa[82]. Finally, heterodimerization of
mediates a variety of cellular effects involved in the patho- the AT1 with the AT2 receptor has been described in human
genesis of inflammatory and fibroproliferative cardiovascular myometrial biopsies, where AT2 antagonizes the activation
and renal diseases. Angll has been reported to mediate proinef the AT1 receptor by direct binding therefore stabilizing or
flammatory effects and ECM synthesis in several cellular and inducing conformational changes in AT1 hindering its acti-
animal model§21,23,31] vation[1]. However, since we have only addressed the most
However, in vitro data regarding Angll effects on fibrob- relevant cellular effects regarding fibroproliferative diseases
lasts are controversial. Although, most reports suggest thatwe cannot rule out that Angll may signal through AT1 or
Angll increases cell proliferation and synthesis of ECM AT2 receptors leading to alternative cellular effects in human
proteins in cultured fibroblasts via AT1 receptors, different fibroblasts.
studies in human fibroblasts do not consistently demonstrate  Cultured fibroblasts may not represent quiescent tissue
proliferation, collagen synthesis or a specific role for AT1 fibroblasts and may be similar to activated fibroblasts during
receptorq2,8,9,20,32] AT2 expression has been described reparative or fibrotic processes. In this regard, AT2 expres-
in renal and dermal fibroblasts and in cardiac fibroblasts sion has been demonstrated in mesenchymal cells, includ-
obtained from failing heartfl 6,29,32] but its function has  ing fibroblasts, in human tissues, particularly in reparative
not been systematically addressed. Cellular effects inducedor fibrotic processel 2,32,37] Under these circumstances,
by Angll via AT2 are not well defined and, although anti- AT2 expression may provide a mechanism of restraining their
proliferative and proapoptotic effects have been suggested response to AngliB2], but we do not exclude that Angll may
the effects of AT2 signaling in human fibroblasts are unclear. initiate fibroproliferative responses either by indirect mech-
Expression of AT2 has been found to induce apoptosis in anisms or by promoting cell proliferation or ECM matrix
R3T3 fibroblasts or in different transfected cells indepen- in resting tissue fibroblasts which seem to predominantly
dently from Angll stimulatior{17]. express AT1 receptdfO].
Our data show that human adult fibroblasts from different  In conclusion, human fibroblasts can express both recep-
lineages do not proliferate nor increase collagen synthesistor types under culture conditions and this phenomenon is
in response to Angll stimulation, whereas in parallel studies associated with a lack of response to Angll that may be rele-
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vant to understand their behavior during reparative or fibrotic [15] Marshall RP, McAnulty RJ, Laurent GJ. Angiotensin Il is mitogenic

processes. for human lung fibroblasts via activation of the type 1 receptor. Am
J Respir Crit Care Med 2000;161:1999-2004.

[16] Min LJ, Cui TX, Yahata Y, Yamasaki K, Shiuchi T, Liu HW, et al.
Regulation of collagen synthesis in mouse skin fibroblasts by distinct
angiotensin Il receptor subtypes. Endocrinology 2004;145:253-60.

[17] Miura S, Karnik SS. Ligand-independent signals from angiotensin Il
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