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Abstract

Angiotensin Il induces angiotensin ATreceptor internalization via Clathrin coated pits formation. We investigated whether insur-
mountable inhibition by the non-peptide antagonist 2-ethoxy-I{[{®i-tetrazol-5-yl) biphenyl-4-yl) methyl]-li-benzimidazoline-7-
carboxylic acid (candesartan) was related to receptor internalization. Mild acid treatment can discriminate between internalized and c
surface bound3H]angiotensin Il. In contrast, it provides no information about the subcellular localization of bddjchhdesartan since
this binding is acid resistant. The internalization #Jangiotensin Il is rapidly inhibited in the presence of 0.4 M sucrose. Yet, no such
rapid effect was noticed foPH]candesartanH]candesartan displays insurmountable/long lasting binding to the vast majority of both wild
type and B**truncated rat angiotensin AT receptors with impaired receptor internalization. In agreement with previously published AT
angiotensin receptor visualization experiments, the present data suggest that non-peptide antagonist-angigterta@ptéiTcomplexes
remain at the cell surface. Insurmountable antagonism of candesartan is therefore independent from receptor internalization via clathr
coated pits. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction still ill defined. The interaction between the angiotensin AT
receptor and its antagonists has often been studied by in
Angiotensin I, the effector peptide of the renin-angio- vitro contraction experiments on rabbit aorta and rat portal
tensin system, produces a variety of biological actions in- vein. These experiments comprise a preincubation step, in
cluding vascular smooth muscle contraction and growth of which the tissue is pre-equilibrated with the antagonist, and
smooth muscle cells and cardiac myocytes [1]. These ac-an incubation step with consecutive additions of increasing
tions of angiotensin Il are mediated by receptors of the concentrations of angiotensin Il to generate a dose-response
angiotensin AT subtype. A second receptor subtype, the curve. Two categories of antagonists are usually distinguished.
angiotensin AT, receptor, which is highly expressed in fetal Whereas surmountable antagonists such asbftyl-4-
tissues, has been cloned recently [2,3] but its functions arechloro-5-hydroxymethy-1-[(2'-(1H-tetrazd-5-yl)- biphenyl-
4-yl)-methyl]-imidazole (losartan) produce parallel right-
_ ward shifts ofthe dose-response curve, insurmountable antag-
* Corresponding author. Tel+32-2-358-3139; fax:+32-3-359-0276. . ..
E-mail addressffierens@vub.ac.be (F.L.P. Fierens). onists prOduce_ a limited (e.g.rﬁbut'yl-.4-chIoro—l-[(2—(lH.—
Abbreviations: candesartan, 2-ethoxy-1-[(21H-tetrazol-5-yl)biphe- tetrazd-5-yl)-bipheny-4-yl)-methyl]-imidazoé-5-carboxylic
nyl-4-yl)methyl]-1H-benzimidazoline-7-carboxylic acid; CHO-K1, Chi- acid (EXP3174), 2-n-butyl-4-spirocyclopentane-14(2
nese hamster Ovary cells; CHO-hATells, CHO-K1 cells expressing (1H-tetrazd»S-yI)-bipheny-4-yl)—methyl]2-imidazolh-5-

human AT, receptors; CHO-rAT,-WT, CHO-K1 cells expressing wild g6 (jrhesartan)) or almost full (e.g. candesartan) depression
type rat AT, 5 receptors; CHO-TL, +rAT, ,, CHO-K1 cells expressing rat f the maximal r n 4-6

AT, receptors with a truncated cytoplasmic tail at Leucine 314; HEPES, 0 € ma a .espo se [ s ]
N-[2-hydroxyethyl]piperazine-N[ethanesulfonic  acid]; IP, inositol Recent experiments on Chinese hamster ovary cells sta-

mono-, bis- and trisphosphates. bly transfected with the human angiotensin Afeceptor

0006-2952/01/$ — see front matter © 2001 Elsevier Science Inc. All rights reserved.
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(CHO-hAT, cells), revealed that angiotensin ATeceptor 2. Materials and methods

antagonists are competitive with angiotensin Il. It was found

that antagonist-angiotensin ATreceptor complexes can 2.1. Drugs and cells used

adopt a fast dissociating/surmountable state and a slow

dissociating/insurmountable state, and that the equilibrium  Candesartan [17,18] andH]candesartan (17 Ci/mmol)
between both states is dependent on the nature of the anWwere obtained from AstraZeneca. Unlabeled angiotensin Il
tagonist [7,8]. The distinction between both states could Was obtained from Sigma’HfJangiotensin II (20 Ci/mmol)

. . . . H 3
reside at the level of the receptor conformation, its associ- Was obtained from New England Nuclear amyo[*H]-
ation with other proteins or even its sub-cellular localiza- Nositol (20 Ci/mmol) was from Pharmacia/Amersham/Bio-

tech. All other chemicals were of the highest grade com-
mercially available. CHO-hAT cells were obtained as
described by Vanderheydest al. [19]. CHO-rAT, ,-WT
and CHO-rAT, 5-TLq,4 cells were generated as described
previously [16,20]. The cells were cultivated, as described
previously [19].

tion. In line with this, Liuet al. [4] invoked the ability of
angiotensin AT receptor antagonists to exert a direct or
indirect control on the internalization of their receptors. This
could explain the fact that most of these insurmountable
antagonists only confer a limited depression of the maximal
response to angiotensin Il in contraction studies. This pro-
posal also resides from the fact that angiotensin Atep
tors, when stimulated by agonists, are particularly prone to

internali_ze intq the_cell as part of thgir recyclin_g Process.  The cell surface and acid resistant binding #]angio
For an_gloter!sm I, it has been established that it binds first (ansin 11 and fH]candesartan to the different cell lines has
to angiotensin AT receptors at the cell surface and that the peen measured on adherent cells in 24-well plates as de-
agonist-receptor complexes are rapidly internalized via scribed previously [7,19]. The radioligands were incubated
coated pits into endosomes. The agonist is then targeted toat 37° for 30 min (saturation and dissociation experiments)
the lysosomal pathway while the receptors are continuously in HEPES-buffer (HEPES 20 mM, CaCl1.8 mM, MgCl,
recycled to the plasma membrane [9,10]. 2.1 mM, NaCl 137 mM, KCI 2.7 mM, pH 7.4). In the kinetic

The binding of angiotensin Il to the angiotensin AT  experiments JH]candesartan dissociation started upon ad
receptor is known to be very sensitive to acidic pH. This dition of 1 uM unlabeled candesartan and continued for the
property is commonly exploited in binding studies on intact indicated periods of time. For the sucrose experiments
cells to discriminate between the membrane-associated andHEPES-buffer was used containing 0.4 M sucrose or the
internalized forms of the agonist [11-13]. Brief exposure of indicated final concentrations for the given periods of time.
the cells to an acidic buffer removes the radiolabeled ago- Treatment with ice-cold Glycine buffer (50 mM Glycine,
nist from the cell surface and the internalized agonist ac- 125 mM NaCl at pH 3.0, 2< 5 min) (mild acid) and
counts for the residual, acid-resistant binding [10]. Based on Subsequent NaOH lysis of the cells was performed as de-
the finding that the binding of radiolabeled angiotensin AT  Scribed previously [19]. The radioactivity was counted in a
receptor antagonists to intact cell systems is also more Or!iquid scintillation counter. The protein content was approx-
less acid resistant, Crozet al. [11] and Conchomt al. [14] imately 0.13* 0.03 mg/well.
evoked the possibility that antagonist-angiotensin, A&
ceptor complexes internalize and may account for this aci
resistant binding.

To investigate the potential link between tight antagonist
binding (insurmountable antagonism) and receptor internal-
ization, candesartan constitutes the antagonist of choice

because of its apility to undergo tight, long lasting binding Potter homogenizer. The resulting homogenate was centri-
to a large proportion of the angiotensin Afeceptors. In the fuged (4°, 30 min at 27.00@) and the supernatant was

present report, two approaches were applied. 1) The effect gnqved. The pellet was resuspended in ice-cold HEPES-

of preventing 7 transmembrane receptor endocytosis Viay, ser. The radioligand binding assays were performed with
coated pit formation, by exposing cells to a hypertonic 400 uL membrane suspensior-0.53 mg protein/mL). For
sucrose concentration [15], was measured®btidandesar  the sucrose experiments HEPES-buffer was used containing
tan binding. 2) The insurmountable antagonism of cande- 0.4 M sucrose. Control experiments revealed that the har-
sartan was studied on CHO-IL;TAT,5 cells. These  vesting procedure (trypsinization or scraping) did not influ-
CHO-K1 cells expressing rat AL receptors with a trun ence the JH]candesartan binding.

cated cytoplasmic tail at leucine 314, have previously been |nhibition experiments were initiated by incubating the
shown by Thomast al. [16] to exhibit most characteristics membranes in the presence or not (control) of 0.4 M sucrose
of the wild type receptor, except for a significantly reduced in HEPES-buffer at 37° for 30 min. Subsequent incubations
capacity for agonist-induced internalization. for 30 min started by adding 50L of HEPES-buffer either

2.2. Radioligand binding on intact CHO cells

d 2-3- Radioligand binding on CHO-hATell membranes

Cultured cells were harvested by trypsinization (0.05%
trypsine, 0.02% EDTA in Phosphate buffered Saline). The
harvested cells were washed three times with HEPES-buffer
(4°, 5 min at 500g) and homogenized by Polytron and
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alone (total binding) or containing unlabelled competitor Table 1

(competition binding) and 5L of HEPES-buffer contain- Effect of sucrose on3[.—|]angi0't§r?sin Il andJH]candesartan binding;
ing 1.5 nM PH]candesartan. Kinetic experiments were 2cid-esistance vs acid-sensitivity

started by adding 5L of HEPES-buffer containing 1.5 Total (%)  Acid Acid

nM [®*H]candesartan (final concentration) to the membranes. sensitive  resistant

Incubations continued for 30 min (dissociation experiments) (%) (%)

or the indicated periods of time (association experiments). [*H]angiotensin Il Control 1006  16.1+18 83.8+18

Dissociation of fH]candesartan was started upon addition 04M ~ 51.1%59 39755 114*37
. . . sucrose

of 1 uM u_nlabeled_ candesartan a_nd contmue(_j _fqr the indi [Hlcandesartan  Control 100.8 43409 976+08

cated periods of time. To determine the sensitivity to Gly- 04M  754+31 54+11 73.3+29

cine buffer, the membranes were centrifuged and resus- sucrose

g?nqed bmff SOOpaLf th |Ig§ﬂd-£l’€€,d |ce_—colfd SESPI?E 0r15 Intact CHO-hAT, cells were preincubated during 15 min with sucrose or
_ycme utrer an _urt.ermcu ate 0r_1 ice Tor U, ! or buffer (control). Subsequently 1.0 nMHJangiotensin Il or 1.5 nM
min. Non-specific binding was determined by addingM [*H]candesartan was added for 30 min. The represented values are the
(final) unlabeled candesartan just befofel]andesartan.  mean+ SEM of at least 5 independent experiments, three one-concentra-
The same values for non-specific binding were obtained tion determinations each. o
using 1-10uM unlabelled angiotensin Il (data not ShOWI’]). 1.0 nM [PH]Jangiotensin 1l control binding equaled 325 82 fmol/mg

. . . . protein.
The incubations were stopped by adding 3.0 mL 'Ce_'cmd 1.5 nM [PH]candesartan control binding equaled 742163 fmol/mg
HEPES-buffer. The membranes were subsequently filteredprotein.
and washed on Whatmann GF/B filters. The filters were
placed in vials, 3.0 mL of scintillation liquid (Optisafe of _ _
Wallac, Turku, Finland) was added and the samples werebinding curves were calculated by non-regression analysis
counted for 3 min in a liquid scintillation counter. using GraphPad Prism.

2.4. PH]thymidine uptake
3. Results
The cells were plated in 24-well plates and cultured until
confluent (see above). The cells were washed and incubate®.1. [*H]angiotensin 1l and fH]candesartan binding to
overnight in growth medium without fetal bovine serum intact CHO-hAT cells
(5% CQ, at 37°). Before the experiment cells were washed
with Dulbecco’s Modified Essential Medium buffer. The When CHO-hAT, cells were incubated for 30 min with
time-wise effect of hypertonic sucrose (0.4 M) ci]thy- 1.0 nM PPH]angiotensin Il at 37°, 16% of its specific binding
midine uptake was measured by incubating the cells with could be extracted upon brief exposure with ice-cold Gly-
sucrose for the indicated periods of time. 15 min before the cine buffer (pH 3.0) (Table 1). The remaining acid resistant
end of the incubation 100 nMif]thymidine was added. As  binding could be extracted by treating the cells with 0.4 M
negative control 10% ethanol was added just before the NaOH. For fH]candesartan almost all of the specific cell
[*H]thymidine addition. The radioactivity measured in these binding was acid resistant (97%) (Table 1). Internalization
cells was regarded as ‘non-specifidH]thymidine uptake. of AT, receptors via clathrin-coated pits was effectively
After the incubation cells were placed on ice, washed three prevented by exposing the cells to a hypertonic concentra-
times with ice cold HEPES buffer and three times with tion of sucrose [15]. When given to the CHO-hATells,
ice-cold 10% trichloric acetic acid, and lysed with 0.4 M 0.4 M sucrose produced an immediate increase of 24% of
NaOH. Radioactivity was measured like on intact cells. the specific acid-sensitivéHl]angiotensin Il binding and a
pronounced decline in acid-resistant binding (Table 1). In
2.5. IP accumulation contrast, theJH]candesartan binding declined slightly but
remained acid-resistant in the presence of 0.4 M sucrose.
The angiotensin Il induced IP accumulation in the pres-  The sucrose-mediated decline of the spechid]gngio-
ence of 10 mM LiCl was determined on adherent cells in tensin 1l and fH]candesartan binding was time-dependent.
24-well plated as described by Vanderheydeal. [19] and In the experiment shown in Fig. 1, the CHO-hATells
represents the formation of the inositol mono-, bi-, and were exposed for increasing periods of time with 0.4 M

triphosphates. sucrose and, in the continued presence of sucrose, further
incubated with the radioligands during the last 30 min.
2.6. Data treatment Under these conditions, acid-sensitivéHJangiotensin II

binding decreased time-wise to undetectable levels after 120

Ic5o Values from competition binding experiments, asso min sucrose exposure (Fig. 1a). The acid-resistant binding

ciation and dissociation rate constants from kinetic experi- was almost completely decreased at the shortest incubation
ments and theK, and theB,,,, values from saturation time with sucrose. In contrast, specifiéH]candesartan
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Fig. 1. Time—dependency of the sucrose effect (0.4 M) on CHO;o&Tis Fig. 2. Concentration dependency of the sucrose effect on the total specific
measured after the different sucrose pre-incubation times i.e. the acid- ¢ell Pinding @), the acid-sensitive binding®) and the remaining acid-
sensitive binding®), the remaining acid-resistant binding)and the total resistant binding@) of 1.0 nM [H]angiotensin II binding (panel A) and
specific cell binding#) of 1.0 nM [PH]angiotensin Il binding (A) and 1.5 1.5nM _[3H]candesartan binding (panel B). CHO-hAGells were washed
nM [3H]candesartan binding (panel B). Data are mean vaiue3EM of and preincubated for 15 min. Subsequently the radioligand was added and

three independent experiments, two determinations each and represented a§'€ CHO-NAT, cells were further incubated for 30 min (i.e. total sucrose-
% of the initial total radioligand binding at time 0 min (i.e. control) in the ~ incubation time is 45 min). Data are mean valueSEM of 3-5 indepen-
absence of sucrose. dent experiments, two determinations each and represented as % of the

total radioligand binding in the absence of sucrose (0.0 M sucrose i.e.
control).

binding remained acid-resistant and was only decreased by

58% after 120 min exposure of the cells to sucrose (Fig. 1b). proliferation was assessed by measurftidjfhymidine up

The effect of sucrose was also concentration-dependent.ake. For this purpose, cells were kept overnight in culture
A 45-min incubation with sucrose produced a concentra- medjum without serum, followed by an incubation with 100
tion-wise reduction of the specifiéH]Jangiotensin Il bind nM [3H]thymidine. In the absence of sucrose, there was a

ing. This resulted from a large decrease in acid-resistant|j,aar time-dependent increase GHJthymidine uptake in
binding and a less pronounced increase in the acid—sensitiveCHO_hAT cells. As shown in Fig. 3sucrose caused a
l . .

binding (Fig. 2a). These effects were nearly maX|ma_I at 0_'4 time-dependent inhibition of the capability to incorporate
M sucrose. Sucrose also produced a concentration-wise

decline of the specific?H]candesartan binding up to 20%, [*Hithymidine. The uptake was almost completely |nh|b|t(_ed

but all of it remained acid-resistant (Fig. 2b). after treatment of the cells with 0.4 M sucrose for 30 min.
Sucrose did not influence the association kinetics of 1.5 o

nM [3H]candesartan binding to CHO-hATcells and the  3-3- Hlcandesartan binding to CHO-hATcell

equilibrium was reached after 20 min. At a constant expo- membranes

sure period of the cells (45 min) to 0.4 M sucrose, there was

a 20% decrease of Bof the PH]candesartan binding but In contrast to intact CHO-hAf cells, the specific bind

the apparent first order rate constant remained unchangedng of [*H]candesartan to the cell membranes was net af

(i.e. ks = 0.20 = 0.04 min * in the presence of sucrose fected by 0.4 M sucrose. The association and the dissocia-

versus 0.23+ 0.03 min ! in medium only). The effect of  tion rates and the calculatéd, of [*H]candesartan (Fig. 4)

sucrose on3H]candesartan dissociation kinetics could not as well as theK; values of unlabeled angiotensin Il and

be measured because of the long half-life of the radioligand- candesartan calculated from competition binding experi-

AT, receptor complex [7]. ments (Table 2) revealed no difference in the absence or

presence of 0.4 M sucrose. The sensitivity EflJcande

3.2. PH]thymidine uptake in CHO-hATcells sartan binding to mild acid treatment was also checked.
Membranes were incubated for 30 min with 1.5 nM
The reduction of specifi¢H]angiotensin Il and3H]can [*H]candesartan, centrifuged, resuspended in fresh ice-cold

desartan binding by sucrose was not due to detachment o HEPES-buffer (pH 7.4) or Glycine buffer (pH 3.0) and
CHO-hAT, cells from the microwell plates as the protein further incubated on ice for 0, 5, 10, and 15 min. No
content per well was not affected by sucrose treatment (0.4substantial dissociation oftfijcandesartan was observed in
M for 90 min; data not shown). The cell viability and both buffers (i.e. HEPES- and Glycine buffer) (Fig. 5).
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Fig. 3. The time—dependency of the sucrose effect (0.4 MyHitfymi-

dine uptake (100 nM, 15 min) in CHO-hAT1 cellm ). The data are mean
values = SEM of three independent experiments, three determinations
each and represented as % of the contfel]thymidine uptake in the
absence of sucrose. 100%t[thymidine uptake corresponded to 134680

2040 dpm/well, whereas 0% (in the presence of 10% ethanol) corresponded

to 322 = 50 dpm/well.

3.4. Binding to CHO-K1 cells expressing the wild-type or
L3“truncated rat AT, receptor

[*H]angiotensin Il andyH]candesartan binding to intact
CHO-rAT,,-WT and CHO-Tls, ,rAT,, cells are com

pared in Fig. 6. The truncated receptors have previously

been shown to exhibit most characteristics of the wild type
receptor, except for a significantly reduced capacity for
agonist-induced internalization [16]. In agreement, the ma-
jority of the bound fH]angiotensin Il could be extracted
from CHO-TL;,,rAT ;5 cells with a mild acid buffer (Fig.
6b). This was opposite to CHO-rAZ-WT (Fig. 6a) and
CHO-hAT, cells (Table 1) for which the majority of bound
[*H]angiotensin Il was acid-resistant. Similar to CHO-hAT
cells, the binding of jH]candesartan to intact CHO-
rAT ;,-WT and CHO-rAT A-TL,, cells was exclusively
found in the acid-resistant fraction (Fig. 6¢,&),,, values
derived from saturation binding curves Hjangiotensin II
and PH]candesartan are 16% 7 and 156+ 5 fmol/mg
protein on intact CHO-rAT,-WT and 103= 8 and 98+ 4
fmol/mg protein CHO-rAT o-TL 5,4 cells (panel 6b and 6d)
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Fig. 4. Association (A) and dissociation (B) oiH]candesartan (1.5 nM)

on CHO-hAT, cell membranes in the absenae)(or presence of 0.4 M
sucrose [(J). The calculated dissociation (k) and association (k;) rate
constants were respectively 0.018 0.004 min! and 0.32+ 0.06
min~'nM~t in the absence and 0.012 0.001 min'* and 0.26+ 0.08
min~'nM~t in the presence of sucrose. These parameters gave a Kd of
0.20+ 0.04 nM and 0.17= 0.05 nM in the absence or presence of 0.4 M
sucrose. The data are represented as % of the maximal specific binding in
the absence of sucrose i.e. control (69@®50 fmol/mg protein). Dissoci-
ation was initiated by addition of &M of unlabelled candesartan after a 30
min [*H]candesartan incubation.

respectively. Kinetic experiments, in which the dissociation
of bound PH]candesartan was initiated by isotopic dilution
(by adding 1.0uM unlabelled candesartan) showed no
substantial difference in the dissociation rate constants of
the PH]candesartan between both cell lines. Dissociation
was exponential in both cases, withka, of 0.0088 =
0.0019 min? for CHO-rAT,,-WT cells and 0.0053+
0.0022 min* for CHO-rAT,5-TL,, cells N = 3).

3.5. IP accumulation in CHO-rA-TL;,, and CHO-
rAT, ~-WT cells

Angiotensin Il induced a dose-dependent increase of the
IP production with similar potencies in CHO-rAZ-TL3,,4

Table 2
K; values (nM) of candesartan and angiotensin Il on CHO-hédll
membranes

K; values control 0.4 M sucrose
(nM)

Candesartan 0.56 0.33 0.30x 0.12
Angiotensin Il 26.9+ 16.7 9.4+ 2.8

K; values were calculated according to the Cheng and Prussoff equation
[30] using theKys of [H]candesartan given in Fig. 4 ands derived
from [*H]candesartan inhibition curves on CHO-hATell membranes
were pre-incubated for 30 min with or without 0.4 M sucrose and subse-
quently incubated for 30 min with 1.5 nMHl]candesartan and increasing
concentrations of unlabelled candesartan or angiotensin Il. The represented
calculated parameters were the meanSE of at least 3 independent
experiments, three determinations each.
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N i ' ! intact CHO-rAT, ,-WT (A and C) and CHO-rATA-TL 3, cells (B and D).
0 5 1 0 1 5 [®H]angiotensin Il and3H]candesartan were incubated for 30 min at 37°.
The acid-sensitive binding®), the remaining acid-resistant bindin®)(
exposu re time (m in) and the specific cell bindingm() were measured and calculated. Data are

mean valuest SEM of a typical example, in triple determinatioB,, .,
Fig. 5. Insensitivity of the JH]candesartan binding to mild acid. Isolated  values of the JH]angiotensin Il and3H]candesartan binding are 167 7
CHO-hAT, cell membranes were incubated for 30 min at 37° with 1.5 nM  and 156+ 5 fmol/mg protein on intact CHO-rAT,-WT and 103+ 8 and

[*H]candesartan in HEPES-buffer. Subsequently the membranes were cen-98 + 4 fmol/mg protein CHO-rAT,-TL,, cells (B and D), respectively.
trifuged, resuspended in ice-cold HEPES bufiej ¢r Glycine buffer ©)

and further exposed for the indicated time on ice. Tfid]dandesartan . .
control binding normalized to 100% equaled 102893 fmol/mg protein. pre_sent in the e_ndosomes together with th_e receptor or
Experimental values represent the mearSEM of 3 independent exper-  Which has been directed to the lysosomes for its degradation

iments, 3 determinations each. [10]. For human angiotensin ATreceptors transfected in
CHO cells (CHO-hAT), it was shown that most of the
] bound PH]angiotensin Il was already acid-resistant after
and in CHO-rAT,o-WT cells Ecso = 10.0= 40 nM and 5 mip incubation at 37° and that this form accounted for the

4.0+ 2.0 nMrespectively) (Fig. 7). A 30-min preincubation  gteady increase offiJangiotensin Il binding with the in-
of both cell lines with 5.0 nM candesartan caused a similar, ,pation time [19]. This agrees with the very rapid inter-

dramatic reduction of the maximal responses by angiotensinjization of angiotensin Il in other cell types such as

II. This insurmountable inhibition was also apparent yvhen human embryonic kidney 293 cells stably expressing rat
CHO-rAT 5-TL3;4 and CHO-TAT o-WT cells were prein- AT receptors and cultured vascular smooth muscle cells
cubated with increasing candesartan concentrations. As dey1o7.
picted in Fig.. 7b _the obtained concentration-inhibition Binding of the insurmountable antagoniéHjcandesar-
curves were biphasic. The most potent component of thesega, 1o intact CHO-hAT cells has already been studied into
curves corresponded to insurmountable inhibition [8] and some detail. This antagonist displayed high affinity binding
comprised 92% and 88% of the response in CHOYAT (g the human angiotensin ATeceptors. The binding was
TLgisand CHO-TAT ,-WT cells, respectively. long-lasting with a half-life of about 2 h [7] and, as shown
in the present study, almost none of it could be extracted
from the CHO-hAT, cells upon mild acid treatment (Table
4. Discussion 1). Previous studies have also pointed out that certain an-
giotensin AT, receptor antagonists display acid-resistant
Morphological studies have shown that brief exposure of binding. Conchoret al. [14] found 30% of the jH]losartan
cells to an acidic buffer is sufficient to remove angiotensin binding and 80% for‘?A][Sar*-lle®Jangiotensin Il binding
Il from its angiotensin AT receptors that are present on the to be acid-resistant in CHO cells transfected with rat AT
cell surface. The residual, acid-resistant binding corre- receptors. In the same line, 25% acid-resistance was found
sponds to internalized angiotensin Il which is either still for [*?3][Sar*-Ala®Jangiotensin I binding in cultured bo-
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Fig. 7. Angiotensin Il induced IP accumulation on both CHO-fA'WT

and CHO-rAT 5-TL3,, cells. (A) represents the response a 5 min

incubation with increasing angiotensin Il concentration on CHO-

rAT . o-WT (m) and CHO-rAT, 5-TL 5,4 cells (J); EC5y's are 3.7+ 1.8 nM

and 10.0+ 4.0 nM respectively. Pre-incubation of 5.0 nM candesartan (30

min, 37°) decreased the maximal angiotensin Il response on both CHO-

rAT ;. o-WT (@) and CHO-rAT, - TL 3,4 cells ©) by 86 = 4% and 89+ 8%

respectively. In (B), CHO-rAT,-WT (m) and CHO-rAT 4-TL3,, cells

(d) have been pre-incubated for 30 min with increasing concentrations of

candesartan and subsequently challengei @i6 min incubation of 10

uM angiotensin Il to induce IP accumulation. The data are mean vatues
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tion in the acid-resistant binding ofiJangiotensin Il to the
CHO-hAT, cells (Table 1). The concomitant rise in acid-
sensitive binding of this agonist (Table 1) was to be ex-
pected since the receptors no longer disappeared from the
cell surface by internalization. The internalization of
[*H]angiotensin 1l was almost completely inhibited by 0.4
M sucrose. This effect was rapid since it did not even
require the cells to be preincubated with sucrose (Fig. 1a).
In addition, sucrose provoked a time-dependent decrease in
the cell-surface, acid-sensitive binding and total binding of
[*H]angiotensin II. The decrease occurred with a half-life of
20 to 30 min (Fig. 1a), which was substantially slower than
the apparently immediate inhibitory effect on receptor in-
ternalization. This was not due to the detachment of cells
from the multiwell plates since the total protein content
remained unchanged after 90 min sucrose treatment. Su-
crose also produced a time-wise reduction of tfd]¢an
desartan binding to the intact CHO-hA€ells with a half-
life of about 90 min (Fig. 1). This reduction was even
slower than the decline of cell surfacéHJangiotensin II
binding and therefore also unrelated to the ability of sucrose
to prevent internalization. This effect was not associated to
an increased viscosity of the medium since the association
kinetics of the fH]candesartan to intact CHO-hATeells
was not influenced by sucrose. Moreover, sucrose did not
affect the candesartan and angiotensin Il binding properties
on CHO-hAT, cell membranes (Fig. 4 and Table 2). As a
whole, these data indicated that sucrose merely affected the
number of binding sites for both radioligands in time.
Interestingly, sucrose was found to produce a rapid de-
cline in the PH]thymidine uptake in CHO-hAT cells (Fig.
3). Because basafHi]thymidine uptake is often used as a
marker for vital cellular functions [25-27], this decline
indicated a severe effect of sucrose on cell viability. This
could indirectly result in the decreasetH]angiotensin II
and PH]candesartan binding on intact CHO-hATells.

S.E.M. of 3 to 4 independent experiments, two determinations each and However there was an apparent delay between the slow

represented as % of the maximal inducible response atM @ngiotensin
Il for 5 min.

vine adrenocortical cells by Crozat al. [11]. It was as-

time-dependent reduction irfH]candesartan binding and
the reduction in the cell surfacéH]angiotensin 1l binding
and the fast decrease ifHJthymidine uptake in the pres
ence of 0.4 M sucrose (Fig. 1 and 3). It might be speculated

sumed that all [11], or at least some [14] of the acid-resistant that sucrose as a primary effect reduced cell viability and
binding accounted for internalized antagonist molecules andthat subsequent effects like cell death and related processes
that this internalization occurred by receptor-mediated en- such as receptor degradation, oxidation and liberation of

docytosis.

In the present study, potential antagonist control of, AT
receptor internalization was also investigated using addi-
tional criteria. Hypertonic sucrose has been found to abolish
the internalization ofB-adrenergic receptors via clathrin-

proteases apparently resulted in the slower reduction in
[*H]angiotensin 1l andJH]candesartan binding.

As a second approach to investigate the potential link
between angiotensin ATreceptor internalization via clath
rin-coated pits and the tight binding of candesartan, use was

coated pits. Its effect became a standard procedure to in-made of CHO-rAT,-WT cells expressing wild type rat

vestigate the involvement of clathrin-coated pits in the in-
ternalization of other G-protein-coupled receptors [21-24].
In agreement with this general mechanism and with mor-
phological studies showing the involvement of coated pits
in the internalization of angiotensin Il-angiotensin Afe-

AT, receptors, and CHO-rAk-TL3;, cells expressing
L3 truncated rat AT,-receptors with reduced internaliza
tion [16,28]. For the control CHO-rAL.-WT cells, the
acid-resistant (internalizedfH]angiotensin 1l binding ex
ceeded the acid-sensitive (cell surface) portion of the bind-

ceptor complexes [10], sucrose produced a dramatic reduc-ing, but this situation was inverted for the CHO-rAF
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TL4q4 Cells (Fig. 6a,b). These findings are compatible with antagonist ligand binding is not necessarily related to the
a decreased internalization of the truncated receptors andnhibition of receptor internalization.

confirm those reported earlier by Thometsal. [16]. Inter-

estingly, the wild type and the truncated receptors displayed

comparable JH]candesartan dissociation rate constants in Acknowledgments
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