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1 This study examined the mitogenic e�ects of bradykinin (BK, Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-
Arg), the peptide bradykinin B2 receptor antagonist Hoe 140 (D-Arg0[Hyp3-Thi6-D-Tic7-Oic8]BK, and
the orally active, nonpeptide B2 receptor antagonist FR 173657 ((E)-3-(6-acetamido-3-pyridyl)-N-[N-
2-4-dichloro-3-[(2-methyl-8-quinolinyl) oxymethyl]phenyl]-N-methylaminocarbonyl-methyl]acryl-
amide) in three di�erent human tumour cell lines: the small cell lung carcinoma (SCLC) cell line
H-69, the breast carcinoma cell line EFM-192A, and the colon carcinoma cell line SW-480.

2 In these cell lines activation of mitogen-activated protein kinase (MAPK) is involved in BK-
induced stimulation of cell proliferation and may be mediated by both Gq proteins (SW-480) and Gi

proteins (EFM-192A; H-69).

3 In these cells BK as well as Hoe 140 increased the rate of DNA synthesis measured with the [3H]-
thymidine uptake assay. Hoe 140 did neither antagonize nor potentiate the e�ect of BK. FR 173657
did not stimulate [3H]-thymidine incorporation but clearly antagonized the mitogenic e�ects of BK
as well as Hoe 140. In H-69 cells, FR 173657 induced a decrease in the basal rate of DNA synthesis.

4 In all three cell lines BK and Hoe 140 stimulated the activity of MAPK. Their e�ect on MAPK
activity was completely abolished by FR 173657 which itself did not increase the activity of MAPK.
In H-69 cells, the basal activity of MAPK was slightly inhibited by FR 173657.

5 In the cell lines SW-480 and H-69 both BK and Hoe 140 but not FR 173657 stimulated
phosphatidylinositol hydrolysis. In H-69 cells, FR 173657 decreased basal inositol phosphate
formation.

6 Our results show that in certain tumour cell lines the classical peptide B2 receptor antagonist,
Hoe 140, may act as mitogenic B2 receptor agonist whereas the nonpeptide B2 receptor antagonist,
FR 173657, does not. In H-69 cells FR 173657 was found to exhibit properties of an inverse agonist.
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PKC, protein kinase C; PLC, phospholipase C, PTX, pertussis toxin; SW-480, human colon carcinoma cell line
SW-480

Introduction

The peptide hormone bradykinin (BK; Arg-Pro-Pro-Gly-

Phe-Ser-Pro-Phe-Arg) may produce a variety of biological
e�ects such as vasodilation, smooth muscle contraction or
relaxation, bronchoconstriction, in¯ammation, pain and

oedema (Regoli & BarabeÂ , 1980; Hall, 1992; Stewart,
1995). Recently, BK was also shown to stimulate cell
proliferation (Sethi & Rozengurt, 1991; Bunn et al., 1992;
Graness et al., 1998) and/or to induce activation of

mitogen-activated protein kinase (MAPK) (Clerk et al.,
1996; Graness et al., 1998) in di�erent cell types. Both
physiological and pathophysiological e�ects of BK are

mediated via two subtypes of G protein-coupled receptors
designated B1 and B2 which have been pharmacologically
characterized and identi®ed by molecular cloning (Regoli

& BarabeÂ , 1980; McEachern et al., 1991; Hess et al.,

1994; Menke et al., 1994). Almost all of the biological

responses to BK are mediated via B2 receptors which
have a high a�nity for BK and are prevalent in normal
tissues (Regoli & BarabeÂ , 1980; Hall, 1992). In most cells,

the main signalling pathway of the B2 receptor is the Gq

protein-mediated stimulation of phosphatidylinositol meta-
bolism resulting in the formation of inositoltrisphosphate
(IP3) and diacylglycerol (DAG) as second messengers

(Yano et al., 1984). In contrast, stimulation of MAPK by
BK appears to be highly cell speci®c and may be
mediated via di�erent pathways including transactivation

of EGF receptor and protein kinase C (PKC) (Adomeit
et al., 1999), phosphoinositide 3-kinase (Graness et al.,
1998); or the cytosolic tyrosine kinase Pyk2 (DikicÃ et al.,

1996).
To obtain useful tools for studying the biological actions

of BK as well as putative therapeutic agents many

bradykinin B2 receptor antagonists have been developed.
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Among the so-called `second generation' BK antagonists,
Hoe 140 (D-Arg0[Hyp3, Thi5, D-Tic7, Oic8]BK), is one of the
most selective and speci®c B2 receptor antagonist in the

tissues tested and was used successfully in basic pharmacol-
ogy and even in clinical studies (Hock et al., 1991; Wirth et
al., 1991; Lembeck et al., 1991; Griesbacher & Lembeck,
1992; Rhaleb et al., 1992; Regoli et al., 1998). In the past,

extensive studies of Hoe 140 revealed some unusual and
unexpected properties of this compound. Thus, although
Hoe 140 was shown to be devoid of agonistic activity in

nearly all human and animal preparations (Regoli et al.,
1998) in sheep femoral artery Hoe 140 acts with high
e�cacy and potency as partial agonist (FeÂ leÂ tou et al., 1994).

Recently, Hoe 140 was also described to act as a full agonist
at the chicken kinin receptor designated ornithokinin
receptor (Schroeder et al., 1997). Furthermore, Hoe 140 is

a competive antagonist in most biological assays but
displays also non-competitive properties in several tissues
(Rhaleb et al., 1992; Liebmann et al., 1993; FeÂ leÂ tou et al.,
1994). In the rabbit jugular vein, Hoe 140 behaves as an

insurmontable and irreversible antagonist (Marceau et al.,
1994). In rat myometrial cells, Hoe 140 was found to act as
inverse agonist producing a decrease in basal phosphoinosi-

tide hydrolysis (Leeb-Lundberg et al., 1994). Finally, it has
been shown very recently that Hoe 140 may act as both
competitive antagonist and inverse agonist of the human B2

receptor expressed in COS-7 cells but became a potent
agonist in two constitutively active mutants of the B2

receptor (Marie et al., 1999).

Here we describe equally agonistic e�ects of bradykinin as
well as Hoe 140 on cell proliferation and MAPK activity in
three di�erent tumour cell lines, the human small cell lung
carcinoma cell line (SCLC) H-69, the human breast carcinoma

cell line EFM-192A, and the human colon carcinoma cell line
SW-480. In H-69 cells and SW-480 cells, Hoe 140 also acts as
agonist on phosphatidylinositol turnover. In contrast, the

nonpeptide antagonist, FR173657((E)-3-(6-acetamido-3-pyri-
dyl )-N-[N-[ 2-4-dichloro-3-[( 2-methyl-8-quinolyl )oxymethyl ]-
phenyl]-N-methylaminocarbonyl-methyl]acrylamide) (Asano

et al., 1997a, b), abolished these mitogenic e�ects of BK
and Hoe 140 in all three cell lines and displayed properties of
an inverse agonist in H-69 cells.

Methods

Cell culture

The SCLC (small cell lung carcinoma) cell line H-69 (ATCC,

American Type Culture Collection), the human breast
carcinoma cell line EFM-192A and the human colon
carcinoma cell line SW-480 (both German Collection of

Microorganisms and Cell Cultures, Braunschweig, Germany)
were grown in RPMI 1640 medium supplemented with 10%
(v v71) calf serum, 100 u ml71 penicillin, 10 mg ml71

streptomycin, and 0.25 mg ml71 amphotericin B in humidi®ed

air with 5% CO2 at 378C. For stimulation experiments, cells
were grown in 6-well dishes, and for [3H]-thymidine
incorporation, they were grown in 24-well dishes and treated

as indicated in the ®gure legends.

Measurement of DNA synthesis

Subcon¯uent cells were deprived of serum for 24 h and then
treated with bradykinin, Hoe 140, and/or FR 173657 as
indicated. The cells were incubated for another 24 h, followed

by the addition of [3H]-thymidine (1 mCi ml71) for 12 h. For
screening measurement of [3H]-thymidine uptake, cells were
®ltered through Whatman GF/C glass-®bre ®lters using a

Brandel harvester and washed three times with 5 ml of
10 mM HEPES, pH 7.4. The ®lters were dried, and the cells
were counted for incorporated radioactivity by liquid
scintillation counting. Alternatively, [3H]-thymidine incor-

poration was measured by washing of cells sequentially twice
with ice-cold phosphate-bu�ered saline, 5% trichloracetic
acid (TCA), and 95% ethanol. Then, the DNA was extracted

with 1 N NaOH and the [3H]-thymidine incorporation into
the TCA precipitate was assayed by liquid scintillation
counting.

Measurement of p44 MAPK (Erkl) activity

The cells were preincubated in serum-free RPMI 1640
medium for 2 h and then either treated with BK, Hoe 140,
or FR 173657 for 5 min or preincubated with Hoe 140 or FR
173657 for 10 min followed by treatment with BK or Hoe

140 for 5 min as indicated. The concentration used for all
compounds was 100 nM. After stimulation, cells were scraped
o� and centrifuged for 1 min at 50006g. The medium was

removed, and the pellets were lysed in 1 ml of lysis bu�er (in
mM): HEPES 20 (pH 7.5), EGTA 10, b-glycerophosphate 40
(1% Triton X-100), MgCl2 2.5, orthovanadate 2, dithiothrei-

tol 1, phenylmethylsulfonyl¯uoride 1, aprotinin 20 mg ml71

and leupeptin 20 mg ml71). After 30 min on ice, the lysates
were centrifuged (10 min, 15,0006g, at 48C) to pellet

insoluble material. The supernatants were transferred into
new tubes, and Erk1 was immunoprecipitated using a rabbit
polyclonal antibody (1 mg ml71 lysate) from Santa Cruz
Biotechnology. The immunoprecipitates were subsequently

washed with phosphate-bu�ered saline containing 1% Triton
X-100 and 2 mM orthovanadate; Tris-HCl, pH 7.5, contain-
ing 0.5 mM LiCl; and kinase bu�er (in mM) MOPS 12.5

(pH 7.5), b-glycerophosphate 12.5, MgCl2 7.5, EGTA 0.5,
sodium ¯uoride 0.5 and orthovanadate 0.5. Phosphorylation
of immunoprecipitates was performed in 30 ml of kinase

bu�er supplemented with 1 mCi of [g-32P]-ATP, 20 mM ATP,
1.5 mg ml71 myelin basic protein (MBP), and 3.3 mM
dithiothreitol. After 20 min at 308C, the reaction was
terminated by the addition of 30 ml of Laemmli bu�er. The

samples were boiled for 5 min and analysed by SDS gel
electrophoresis on 12% (w v71) gels. Phosphorylated MBP
was visualized by autoradiography and quanti®ed using a

Phosphorimager.

Determination of inositol phosphate formation

Measurement of phosphatidylinositol turnover was per-
formed as decribed previously (Graness et al., 1998).

Brie¯y, cells in 24-well plates were prelabelled with
4 mCi ml71 myo-[3H]-inositol for 24 h. At 2 h prior to
stimulation, the cells were incubated in serum-free medium
containing 20 mM HEPES, pH 7.4, and 1 mM captopril.

The cells were stimulated with BK or Hoe 140, as
indicated, in the presence of 10 mM LiCl for 10 min.
For termination, the medium was replaced by 1 ml of

10% trichloracetic acid. After 10 min, the extracts were
collected, and the trichloracetic acid was removed by
washing four times with 2 volumes of water-saturated

diethyl ether. After neutralization by adding Tris base, the
samples were diluted to 4 ml with distilled water. The
inositol phosphate fractions containing total inositol
phosphates were obtained by eluting ®ve times with 2 ml
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of 1.0 M ammonium formate and 0.1 M formic acid from
AG 168 columns (200 ± 400 mesh, formate form, Bio-
Rad). Radioactivity of the inositol-containing fractions was

determined by liquid scintillation counting using Flo-Scint
IV scintillator (Packard Bioscience B.V., Groningen, The
Netherlands).

Materials

[g-32P]-ATP (3000 Ci mmol71) and myo-[3H]-inositol (20.5 Ci

mmol71) were obtained from NEN Life Science Products.
[3H]-Thymidine (2.0 Ci mmol71) and all reagents for SDS-
polyacrylamide gel electrophoresis were purchased from

Amersham Pharmacia Biotechnology. Bradykinin, captopril,
Pertussis toxin, aprotinin, leupeptin, b-glycerophosphate,
myelin basic protein, sodium orthovanadate, phenylmethyl-

sulfonyl ¯uoride, dithiothreitol, EGTA, ATP, Triton X-100,
protein A-Sepharose, HEPES, MOPS, and diagnostic ®lm
(Biomax, Eastman Kodak Co.) were obtained from Sigma
(Deisenhofen, Germany). Ammonium formate and sodium

tetraborate were from Serva (Heidelberg, Germany) Wort-
mannin and PD 098059 were obtained from Calbiochem (Bad
Soden, Germany). Polyclonal antibodies against p44 MAPK

(Erk1) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, U.S.A.). Hoe 140 (icatibant) was kindly
provided by Professor B. SchoÈ lkens (Hoechst AG, Frankfurt,

Germany). FR 173657 was a generous gift of Dr N. Inamura
(Fujisawa Pharmaceutical Co., Osaka, Japan).

Results

Signalling pathways from B2 receptor to MAPK in the
tumour cell lines investigated

In SW-480 cells, BK activates MAPK via a Pertussis toxin

(PTX)-insensitive Gq/11 protein and subsequently by activa-
tion of PI3-kinase b and PKCe. This connection of a G
protein-coupled receptor to MAPK is uncommon and was

recently characterized in detail (Graness et al., 1998). In
EFM-192A cells, the pathway linking the B2R to MAPK is
not yet described. We found a biochemical route which is
sensitive towards PTX and wortmannin, an inhibitor of

PI3-kinase (Figure 1) as well as bisindolylmaleimide, an
inhibitor of PKC (not shown). This ®nding indicates a
pathway which might be similar to that in SW-480 cells

involving PI3-kinase and PKC but is mediated via a Gi

protein. In H-69 cells BK also activates MAPK via a PTX-
sensitive Gi protein but the e�ect of BK is insensitive to

wortmannin excluding the involvement of a PI3-kinase
(Figure 1). In contrast, in H-69 cells BK stimulates inositol
phosphate formation whereas in EFM-192A cells phospho-

lipase C activity remained unchanged in presence of BK.

Similar to bradykinin the B2 receptor antagonist, Hoe
140, stimulates both DNA synthesis and MAP kinase
activity

In the three di�erent human tumour cell lines investigated the

peptide bradykinin B2 receptor antagonist Hoe 140 produced
a signi®cant increase in DNA synthesis. Figure 2A reveals the
increase in [3H]-thymidine incorporation in response to Hoe

140 at concentrations of 10 nM and 1 mM. As shown in
Figure 2B, Hoe 140 also stimulates the activity of MAPK
(Erk1) in these cell lines even at concentrations of 1 ± 10 nM
reaching a maximum at 1 mM.

Activation of MAPK is involved in the mitogenic action of
both BK and Hoe 140

To clarify whether activation of the MAPK pathway is
required for the induction of cell division in our cellular

models, we measured the e�ects of BK and Hoe 140 on [3H]-
thymidine incorporation in the presence of PD 098059, which
inhibits the activation of MAPK by blocking the activity of

MAPK kinase (MEK).
In Figure 3 is shown that PD 098053 inhibits both [3H]-

thymidine incorporation and activation of MAPK induced by

BK or Hoe 140. It may be concluded that the proliferation in
all three cell lines used in response to both BK and Hoe 140
depends on the activation of the MAPK pathway.

The nonpeptide B2 receptor antagonist, FR 173657,
blocks the agonistic effects of BK and Hoe on DNA
synthesis as well as MAPK activity

As shown in Figure 4, at equal concentrations bradykinin
and Hoe 140 and stimulate the DNA synthesis in a very

similar range. Furthermore, the e�ects of Hoe 140 and BK
on thymidine incorporation are not additive suggesting that
both peptides act as agonists at the same type of B2 receptor

in the cells studied. In EFM-192A and SW-480 cells the
compound FR 173657 did not change the [3H]-thymidine
incorporation. In the SCLC cell line H-69, in contrast, FR
173657 signi®cantly decreased the basal level of [3H]-

Figure 1 Bradykinin-induced activation of MAPK in the human
tumour cell lines EFM-192A and H-69: e�ects of Pertussis toxin
(PTX) and wortmannin. Cells were preincubated with either PTX
(200 ng ml71) for 24 h or wortmannin (100 nM) for 30 min. Then,
serum-starved cells were treated with 100 nM bradykinin for 5 min.
After lysis of the cells, MAPK activity was assessed using the myelin
basic protein (MBP) phosphorylation assay as described under
Methods. Results from one of three similar experiments are shown.
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thymidine incorporation. In all three human tumour cell lines

FR 173657 clearly antagonized the stimulatory e�ects of BK
as well as Hoe 140 on DNA synthesis (Figure 4). This is a
second line of evidence suggesting that the mitogenic action
of both peptides is mediated via B2 receptors.

In H-69 cells BK as well as Hoe 140 induced activation of
p44 MAPK (Figure 5). In contrast, FR 173657 slightly
decreased the relatively high basal activity of MAPK cells to

approximately 78% (Figure 5). The apparent stronger
increase in MAPK activity in response to Hoe 140 compared
with BK in the autoradiogram shown is not signi®cant

throughout the repeated experiments. The increase in basal
activity of MAPK induced by both peptides varied between
300 and 320%. The stimulatory e�ects of BK as well as Hoe

140 on MAPK were clearly abolished by pretreatment of H-
69 cells with FR 173657. In contrast, in cells pretreated with
Hoe 140 followed by the addition of BK there was no
signi®cant change in MAPK activity compared with the

single e�ects of BK or Hoe 140. Similar patterns of MAPK
activation by BK and Hoe 140 were obtained in EFM-192A
cells and SW-480 cells (Figure 5). In EFM-192A cells both

BK and Hoe 140 stimulated MAPK activity to approximately
330 ± 340% and in SW-480 cells to approximately 540 ± 610%
each compared with the respective basal activities (100%). In

SW-480 cells, the higher increase in MAPK activity results
from the extremely low basal activity. In both cases FR
173657 itself was without any e�ect on MAPK but prevented
the stimulation of MAPK by BK and Hoe 140.

Bradykinin and Hoe 140 stimulate inositol phosphate
formation

In parallel studies we investigated whether Hoe 140 may also
act as an agonist in conventional BK signalling pathways
such as the stimulation of phosphatidylinositol metabolism.
As shown in Figure 6, in H-69 cells as well as in SW-480 cells

an increase in inositol phosphate accumulation in response to
Hoe 140 was obtained which is comparable with that induced
by BK. Whereas in SW-480 cells FR 173657 was without

e�ect on phosphatidylinositol turnover we observed a slight
but signi®cant decrease in basal inositol phosphate formation
in presence of FR 173657 in H-69 cells. In EFM-192A cells

neither BK nor Hoe 140 induced a measurable e�ect on
inositol phosphate formation. This may be explained by our
®nding that in EFM-192A cells activation of MAPK by BK

is mediated via a Gi protein (Figure 1). Thus, in this cell line
the activation of PLCb is apparently not involved in B2R
signalling.

Discussion

Bradykinin B2 receptor antagonists have been mainly
characterized with respect to inhibition of the responses of
isolated smooth muscle preparations to bradykinin (Vavrek

& Stewart, 1985; Hock et al., 1991; Lembeck et al., 1991;
Griesbacher & Lembeck, 1992; Rhaleb et al., 1992; Aramori
et al., 1997; Asano et al., 1997a,b), in animal models of

nociception (Lembeck et al., 1991) or in¯ammation (Asano et
al., 1997a,b), and in receptor binding studies (Hock et al.,
1991; Liebmann et al., 1993; Aramori et al., 1997; Asano et
al., 1997a). There are only a few reports that Hoe 140 was

used to block mitogenic activities of BK. Thus, Hoe 140 was
reported to inhibit BK-induced activation of MAPK in
cultured ventricular myocytes (Clerk et al., 1996) or in

vascular smooth muscle cells (Velarde et al., 1999). Here, in
contrast, we present the three di�erent human tumour cell
lines H-69, EFM-192A, and SW-480 where Hoe 140 did not

inhibit BK-induced mitogenic responses but itself acts as
mitogenic B2 receptor agonist. This is supported by several
lines of evidence: (i) similar to BK, Hoe 140 stimulates at
nanomolar concentrations DNA synthesis as well as activa-

tion of MAPK in all three cell lines investigated; (ii) the
nonpeptide B2 receptor antagonist, FR 173657, which did
neither stimulate DNA synthesis nor MAPK activity

abolished the agonistic e�ects of both BK and Hoe 140;
(iii) the e�ects of BK and Hoe 140 are not additive suggesting
that both peptides act via the same type of receptor and (iv)

similar to BK, Hoe 140 stimulates phosphatidylinositol
metabolism in H-69 cells and SW-480 cells. In EFM-192A
cells, stimulation of phospholipase C is apparently not

involved in the mitogenic B2 receptor signalling. Comparable
agonistic e�ects of both BK and Hoe 140 on [3H]-thymidine
incorporation were additionally detected in the human lung
carcinoma cell line A-427 and in the human small cell lung

cancer cell line COLO-677 (results not shown).
Taken together, these ®ndings suggest that Hoe 140 may

act as mitogenic agonist via the B2 receptor and may

probably use the same mitogenic signalling pathways to
MAPK as BK. The pathways linking G protein coupled
receptors (GPCRs) such as the bradykinin B2 receptor to the

MAPK cascade may be highly diverse and cell speci®c
(Luttrell et al., 1999). For the human B2 receptor transiently
expressed in COS-7 cells, for example, a Gqa mediated dual
pathway of MAPK activation has been detected which

Figure 2 (A) E�ect of di�erent concentrations of Hoe 140 on [3H]-
thymidine uptake in H-69 cells, EFM-192A cells, and SW-480 cells
compared with the respective basal rates of DNA synthesis. Serum-
deprived cells were treated with Hoe 140 in the concentrations of
10 nM and 1 mM as indicated for 36 h and [3H]-thymidine for 12 h of
incubation. The results obtained with the TCA precipitation assay
represent the means+s.e.mean of 12 wells in three independent
experiments. *Signi®cantly di�erent compared with the basal value
(P50.05; Student's t-test). (B) Stimulation of MAPK activity by
di�erent concentrations of Hoe 140. Serum-deprived cells were
incubated with increasing concentrations of Hoe 140 for 5 min.,
lysed, and MAPK activity was determined as outlined under
Methods. Shown is a representative autoradiogram from two
experiments with similar results.
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involves both EGF receptor transactivation and the activa-
tion of the PKC isoforms a and e (Adomeit et al., 1999). In
contrast, in several tumour cell lines di�erent connections

between B2 receptor and MAPK may be found. Thus, for
SW-480 cells we have recently shown that the BK-induced
stimulation of MAPK activity is mediated via the consecutive

Figure 3 E�ects of both Bradykinin and Hoe 140 on DNA synthesis is dependent on MAPK activation. (A) Cells were treated
with 1 mM BK or Hoe 140 for 24 h in the absence or presence of the MEK-inhibitor PD 098059 (30 mM) and then DNA synthesis
was assessed by measuring [3H]-thymidine incorporation using the TCA precipitation assay. Each value is the mean+s.e.mean of 12
wells representative of two independent experiments. *Signi®cantly higher compared with the basal values; **Signi®cantly di�erent
compared with the e�ects without the inhibitor (P50.05; Student's t-test). (B) Lysates from the respective cells after stimulation
with 1 mM BK or Hoe 140 in absence or presence of 30 mM PD 098059 were analysed for MAPK activity as described. Shown are
representative autoradiograms of two independent experiments. Representative control blots of immunoprecipitated MAPK
(IP:Erk1) after Western blotting with anti-Erk1 antibodies are shown in the panels below the MAPK blots.
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activation of Gqa, PI3-kinase b, and PKC e (Graness et al.,
1998). Here we present evidence that in two other cell lines,
EFM-192A cells and H-69 cells, BK activates MAPK via a

PTX-sensitive G protein of the Gi family. In H-69 cells but
not in EFM-192A cells the B2 receptor is capable of
stimulating inositol phosphate formation via a Gi protein.
In both cell lines, the pathways of B2 receptor to MAPK

involve activation of PI3-kinase and PKC (not shown) but
are independent of EGFR transactivation (not shown). To
the present knowledge the binding sites of agonists and

antagonists in the bradykinin B2 receptor are not identical
but appear to overlap partially (Jarnagin et al., 1996). It may
be speculated, therefore, that in certain tumour cell lines cell

speci®c mutations in the B2 receptor or alterations in its
conformation or palmitoylation might switch the antagonist
contact site to agonist binding site positions and couple the

antagonist binding site to the signal transduction machinery.
This assumption is supported by the recently published
®nding that the antagonist Hoe 140 which behaved as inverse
agonist of the wild-type receptor was a potent agonist at two

constitutively active B2 receptor mutants (Marie et al., 1999).
Furthermore, the property of Hoe 140 and of several other

Figure 4 E�ects of bradykinin, Hoe 140, and FR 173657 on the
rate of DNA synthesis in the human tumour cell lines H-69, EFM-
192A, and SW-480. For the additive treatments, serum-deprived cells
were preincubated with the putative antagonists Hoe 140 (1 mM) or
FR 173657 (1 mM) for 1 h. Then, cells were stimulated with BK, Hoe
140, or FR 173657 (1 mM each) and assayed for [3H]-thymidine
uptake or incorporation as described under Methods. The results are
expressed as the means+s.e.mean from 16 wells in four separate
experiments. *Signi®cantly di�erent, compared with the respective
basal values; **Signi®cantly di�erent compared with the respective
singular e�ects (P50.05; Student's t-test).

Figure 6 E�ects of BK, Hoe 140, and FR 173657 on inositol
phosphate formation in SW-480 cells and in H-69 cells. Serum-
starved cells prelabelled with myo[3H]-inositol (4 mCi ml71) were
treated with BK, Hoe 140 or FR 173657 (100 nM each) for 10 min
and then assayed for inositol phosphates as described under
Methods. Shown are the means+s.e.mean from three separate
experiments performed in quadruplicate determinations. *Signi®-
cantly higher and **Signi®cantly lower compared with the basal
values (P50.05; Student's t-test).

Figure 5 E�ects of BK, Hoe 140, and FR 173657 on the activity of
MAPK in the cell lines H-69, EFM-192A, and SW-480. Serum-
starved cells were preincubated with either Hoe 140 or FR 173657
(100 nM each) as indicated for 10 min. Then, the respective
treatments with BK, Hoe 140 or FR 173657 (100 nM each) were
performed for 5 min. MAPK activity was assessed as described under
Methods. Shown are representative autoradiograms from three
separate experiments with similar results.
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peptide B2 receptor antagonists to produce a decrease in
basal phosphoinositide hydrolysis thereby acting as inverse
agonist (negative antagonist) is a well-known phenomenon

(Leeb-Lundberg et al., 1994). The detection of an inverse
agonist is often di�cult and needs a cell system with a
su�ciently high number of receptors that exist spontaneously
in an activated (G protein-uncoupled) state such as, for

example, naturally occurring constitutively active mutants. In
our study the nonpeptide B2 receptor antagonist FR 173657
exhibited inverse agonistic activity which was obtained in the

SCLC line H-69 as a decrease in basal [3H]-thymidine
incorporation, a decrease in basal MAPK activity and a
decrease in basal inositol phosphate formation in presence of

FR 173657. In the other cell lines investigated no inverse
agonism of FR 173657 was detectable re¯ecting either an
insu�cient amount of spontaneously active B2 receptors or a

high degree of cell speci®city of this e�ect of FR 173657. In
all three human tumour cell lines tested FR 173657 exhibited
strong antagonistic properties with respect to both BK and
Hoe 140. It may be assumed that in the cell lines used, the B2

receptor displays a di�erent pattern of binding sites for the

peptidic antagonist Hoe 140 which represents a derivative of
BK and the nonpeptidic antagonist FR 173657.
In conclusion, our study shows that in di�erent tumour cell

lines the signalling pathways from bradykinin B2 receptor to
MAPK are highly cell speci®c and may be mediated by Gq as
well as Gi proteins. We also demonstrate that in these tumour
cell lines the classical peptide B2 receptor antagonist Hoe 140

may act as a potent mitogenic agonist. This ®nding suggests
that in tumour cells G protein-coupled receptors such as the
B2 receptor may generate novel properties towards antago-

nists compared with non-cancer cells. Furthermore, the orally
active nonpeptide B2 receptor antagonist FR 173657 was
found to be devoid of mitogenic side e�ects. This ®nding

supports its putative role as a useful drug for in¯ammatory
diseases.
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