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lowing cessation of treatment, being decreased by 50%
(P <0.01) compared with the control group. Nevertheless
there was an increase in the levels of renal cytochrome P-
450 of 40% (P < 0.05, week 2) and of 135% (P < 0.01,
week 4) after cessation of AD treatment. The activity of
hepatic NADPH-cytochrome ¢ reductase was decreased by
20% (P <0.01) at week 4 and in kidney increased by
440% (P < 0.01) and 354% (P < 0.01) at weeks 2 and 4
respectively.

Using a pharmacological model (AD) of decreased hep-
atic cytochrome P-450 and NADPH cytochrome ¢
reductase, our data further suggest a role for hepatic cyto-
chrome P-450 levels in the regulation of renal cytochrome
P-450. Of interest, the renal enzymatic activity is increased
two weeks prior to a significant decrease in hepatic
enzymes, perhaps due to the early detection of some
endogenous inducer(s) by the kidney [1].

The inhibitory effect of AD on the hepatic drug metab-
olizing enzymes did not reach statistical significance until
four weeks after discontinuing treatment. This may be
explained by the complex pharmacokinetic behaviour of
the drug, i.e. long elimination half-life, capacity of fat to
act as reservoir, or even a delayed hepatotoxic effect.

The kidneys represent about 3-7% of the total cyto-
chrome P-450 and NADPH cytochrome c reductase content
in the rat [14]. The induction pattern of different enzyme
systems in the same organ may vary and this may account
for the disproportionate increase in NADPH cytochrome
¢ reductase activity and cytochrome P-450 levels in the
kidney following amiodarone treatment [15). This dispro-
portion may, however, be due to the existence of multiple
forms of cytochrome P-450 where selective induction of
some isoenzymes would result in a smaller increase in total
cytochrome P-450 levels. Selective induction of some mono
oxygenase activities in kidney microsomes following a
reduction in hepatic cytochrome P-450 levels has been
recently reported [1].

The pharmacological agent used in this study (AD) pro-
duces enzyme inhibition in association with direct hepato-
toxicity; whether an increase in renal enzyme activity fol-
lows administration of a non hepatotoxic enzyme inhibitor
remains to be seen.

* To whom correspondence should be addressed.
T Present address: Departmento de Farmacologia y Ter-
apeutica, Facultad de Medicina, Valladolid, Spain.
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Inhibition of epidermal growth factor binding to HeLa cells by auranofin*

(Received 8 May 1986; accepted 29 September 1986)

Auranofin (AF; 2,3,4,6-tetra-O-acetyl-1-thio-beta-D-gluco-
pyranosato-S-[triethylphosphine] gold) is a novel, anti-
rheumatic, lipophilic gold complex widely used in the treat-
ment of rheumatoid arthritis [1].

The compound has inhibitory effects on several acti-
vation responses in human leukocytes which involve the
Ca? /phospholipid-dependent protein kinase (protein
kinase C; PK-C). For example AF inhibits platelet aggre-
gation [1] and 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced superoxide anion release from human

* This work was supported by grants from the Australian
Research Grants Scheme, the National Health and Medical
Research Council and the Anti-Cancer Foundation of the
Universities of South Australia. The assistance of Ms
Amanda McAuliffe is gratefully acknowledged.

neutrophil polymorphs (PMN) [2] and monocytes [3]. The
drug has little effect on superoxide release from PMN and
monocytes [3] elicited by the Ca®* ijonophore A23187,
which acts via Ca?*/calmodulin-dependent pathways inde-
pendently of PK-C [4].

In view of the apparent selective effect of AF on PK-C-
dependent pathways, we are investigating the effect of AF
on other cellular events modified by TPA and which involve
activation of PK-C. One such event, well characterised in
cultured cell lines, is the TPA inhibition of epidermal
growth factor (EGF) binding [S]. TPA increases a PK-C
mediated phosphorylation of the EGF receptor, a decrease
in EGF binding and an inhibition of the intrinsic tyrosine
kinase activity of the receptor [6]. In the present paper we
show that AF does not interfere with TPA inhibition of
EGF binding to HeLa cells, and is itself a powerful inhibitor
of binding.
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Materials and methods

AF was a gift from Dr Michael Whitehouse, Queen
Elizabeth Hospital and TPA was from CRC Inc., Eden
Prairie, MN. ['®I|EGF was prepared as previously
described [5], and [y-**P]ATP was prepared as described
[71.

HeLa cells were grown in Eagle's minimal essential
medium supplemented with 10 mM Hepes and 10% fetal
calf serum. Cultures were maintained in a humidified
atmosphere of 5% carbon dioxide at 37°. The cells were
routinely plated at 2 X 10° cells per 30 mm dish and used
at a density of approx. 10° cells per dish.

Cells were washed twice with Dulbecco’s phosphate buf-
fered saline containing 1mg/ml bovine serum albumin
(PBS-BSA) at 37°. Compounds were dissolved in dime-
thylsulphoxide (DMSO) resulting in a final solvent con-
centration of 1%. The same concentration of DMSO was
added to control cultures. After incubation with the test
compound, cultures were washed in PBS-BSA at 2°, and
incubated in 1 ml of cold PBS-BSA containing ['*I|EGF.
A final concentration of 1M ['**T|EGF was used unless
otherwise stated. After incubation for 4 hr at 2°, the cultures
were washed with cold PBS-BSA, the cells dissolved in
0.5N NaOH and radioactivity measured using a gamma
counter. In all experiments, non-specific binding (deter-
mined in the presence of 160nM EGF) was subtracted
from the total ['>[|EGF binding.

To determine the effect of prolonged incubation of HeLa
cells with PDBu, whole cell homogenates were extracted
with buffer containing 0.2% Triton X-100 and the extracts
chromatographed on DEAE-cellulose [7]. PK-C assays
were carried out as described before [7].

Results and discussion

The effects of AF and TPA on the binding of ['>’TJEGF
to HeLa cells are shown in Figs 1 and 2. In these experi-
ments the cells were preincubated with AF or TPA at
37° for varying times before determination of ['Z’IJEGF
binding at 2°. Measurement of binding at 2° eliminates any
possible effects of the pretreatments on internalization of
the growth factor [8]. It is clear that pretreatment with
both TPA and AF resulted in a time- and concentration-
dependent decrease in ['[|JEGF binding. Incubation with
10 pg/ml AF for about 60 min was required to achieve
maximal inhibition, presumably reflecting the time to par-
tition into the Hela cell membranes. The binding assays
shown in Figs 1 and 2 contained 1nM ['*’I] and, under
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Fig. 1. Time course of inhibition of ['>’I]JEGF binding by

AF and TPA. Hel.a cells were incubated for the indicated

times in PBS-BSA at 37° containing 1% DMSO (O), 10 ug/

ml AF (@) or 10-"M TPA (A). ['*I]EGF binding was

then determined at 2° as described in Materials and

Methods. Each point is the mean of duplicate
determinations.
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Fig. 2. Dose response for AF- and TPA-induced inhibition

of ['®I]EGF binding. HeLa cells were incubated for 60 min

in PBS-BSA at 37° containing the indicated concentrations

of TPA (A), AF (@) or AF plus TPA (O). ['®I|EGF

binding was determined at 2° as described in Materials and

Methods. Each point is the mean of duplicate
determinations.

these conditions, the concentration of AF required for 50%
inhibition of binding was approximately 3 ug/ml. Addition
of TPA and AF together always resulted in greater inhi-
bition of EGF binding that either compound alone (Fig.
2), but no evidence for synergism was found. No toxicity
was observed at concentrations up to 40 ug/ml AF as deter-
mined by release of lactate dehydrogenase into the medium
and by trypan blue exclusion (data not shown). This appar-
ent mimicry of the effect of TPA by AF was unexpected,
given the antagonistic effect of AF on some responses to
the phorbol ester.

Figure 3 shows a Scatchard analysis of [***[|EGF-binding
data obtained in the presence and absence of 10 ug/ml AF.
Over the EGF concentration range used (0.1-25nM) no
evidence for a curvilinear plot was obtained. Non-linear
Scatchard plots have been reported for ['**I|EGF binding
to several cultured cell lines [5,9]. The presence of AF
increased the Ky from 2.6 to 11.9 nM and decreased the
apparent number of receptors from 3.7 to 1.8 x 10 per
cell.

The TPA-inhibition of EGF-binding is almost certainly
a consequence of PK-C mediated phosphorylation of the
EGF receptor. Thus a similar pattern of receptor phos-
phorylation is induced in vivo by TPA and in vitro by
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Fig. 3. Scatchard analysis of ['**IJEGF binding in the pres-
ence and absence of AF. HeLa cells were incubated for
60 min at 37° in PBS-BSA containing 1% DMSO (O) or
10 ug/ml AF (@®). ['**I|EGF binding was determined at 2°
over the concentration range 0.1-25nM as described in
Materials and Methods. Each point is the mean of duplicate
determinations.
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purified PK-C {6]. In addition, the TPA-sensitivity of EGF
binding to isolated membranes is restored by incubating
S M~ 10N T A .
lllClIlUldlle WlLll Ih-U {1V]. 1A lb UCllCVCU w dLlllet?
PK-C by initiating its translocation to cellular membranes

{11,12]. Consequently, it was of interest to determine
whether the effect of AF on EGF binding was also mediated
via PK-C. Several reports have shown that prolonged
exposure of cells to phorbol esters induces a loss of PK-C
activity and a loss of biological responsiveness to phorbol
esters [13, 14]. Pre-treatment of HeLa cells with phorbol-
12,13-dibutyrate for 40 hr resulted in a marked loss of PK-
C activity (Fig. 4), although a small portion of the total
celluiar PK-C activity persisted (Fig. 4, Panei B).
Binding of ['>’I|JEGF to pre-treated cells was refactory
to inhibition by TPA, but remained sensitive to inhibition

huy AF (Fio §) One intarnratatiaon of thic racn 1t 1g that AT
CY Ar irig. 5j. VN mierpréiation Ol tais 1osuit 18 thal Ar

does not require PK-C for its effect on EGF binding.
However, we do not believe that this can be stated with
certainty. TPA results in the massive translocation of PK-
Cto cellular membranes and individual biological responses
requiring localized membrane-association of the enzyme
may be particularly sensitive to declining PK-C levels, For
example, we have observed that the effects of TPA on
phospholipid metabolism are more sensitive to depletion
of cellular PK-C than the effects of bombesin, even though
the responses to both agents are mediaied through PK-C
[15]. In the present experiments cells pretreated with the
dibutyrate still retained significant PK-C activity (Fig. 4)
and an effect of AF on this enzyme remains a possibility.

The mechanism for the unexpected inhibitory effect of
AF on EGF binding is quite unknown. As reviewed else-
where [16], AF interacts with low molecular weight thiols
as well as with sulfhydryl groups in proteins and would be
expected to perturb membrane structure. Experiments are
in progress to determine whether the inhibitory effect is
due to a direct interaction with the EGF receptor, or
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tyrate on cellular protein kinase C activity. HeLa cells were
incubated with DMSO (Panel A) or 400 nM phorbol-12,13-
dibutyrate (Panel B) for 24 hr; a further 400 nM phorbol
ester was added and incubation continued for a further
16 hr. The cells were then homogenised and extracts chro-
matographed on DEAE cellulose as described in Materials
and Methods. Protein kinase C activity determined in the
absence (O) or presence (@) of Ca?* and phospholipid.
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Fig. 5. Effect of pretreatment with phorbol-12,13-dibu-
tyrate on inhibition of [!>’I|JEGF binding by AF and TPA.
HeLa cells were incubated with 400 nM phorbol-12,13-
dibutyrate or DMSO for 24 hr; a further 400 nM phorbol
ester was added and incubation contained for a further
16 hr. The cells were then incubated with varying con-
centrations of AF or TPA for 60 min before measuring
['IJEGF binding at 2°. A, @; preincubation with DMSO
followed by incubation with TPA or AF respectively. A,

O; preincubatlon with phorbol-12,13- dibutyrate followed
by incubation with TPA or AF respectively. Each point is

the mean of duplicate assays.

phosphorylation.

In summary, AF inhibited the binding of ['*TJEGF to
HeLacells in a time- and concentration-dependent manner.
Pre-treatment of cells for 60 min with AF (10 ug/ml)
increased the Kd from 2.6 to 11.9nM and decreased the
apparent number of receptors per cell from 3.7 x 10* to
1.8 x 10*. AF-sensitivity of EGF binding was retained in
cells pre-treated with PDBu. Such treatment caused a
marked loss of protein kinase C activity, and was associated
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Comparative study of [°H]glutamate binding sites in rat retina and cerebral
cortex

(Received 15 May 1986; accepted 26 August 1986)

It has been believed that the high affinity and Na*-inde-
pendent binding of radiolabeled L-glutamic acid (Glu™), a
potential candidate for a central excitatory neurotrans-
mitter, is indeed a biochemical measure for the association
of this acidic amino acid with its physiologically relevant
synaptic receptors [1-3]. The binding is affected sig-
nificantly by the inclusion of some physiological inorganic
ions such as Cl-, Ca®* and Na* [4]. These biochemical
binding studies together with electrophysiological inves-
tigations have revealed the multiplicity of receptors for
central excitatory acidic amino acid neurotransmitters: N-
methyl-D-aspartic acid (NMDA) sensitive receptors (Al},
quisqualic acid (QA) sensitive receptors (A2), kainic acid
(KA) sensitive receptors (A3), and L-2-amino-4-phos-
phonobutyric acid (AP4) sensitive receptors (A4) [4, 5].

On the other hand, relatively little attention has been
paid to the binding of [*H]Glu in the retina which is sup-
posed to contain Glu-ergic synapses in its structure {6, 7].
It has been demonstrated that [*H]Glu really binds to
membrane fractions from the chick retina with a high
affinity {8]. In the present study, we have attempted to
analyze the retinal [*H]Glu binding in comparison with
cerebral [*H]Glu binding in terms of the modulation by
various ions.

Materials and methods

Materials. QA, NMDA, KA, DL-AP4 and 4.4'-diiso-
thiocyanatostilbene-2,2'-disulfonic acid (DIDS) were pur-
chased from the Sigma Chemical Co. (St. Louis, MO,
U.S.A). [FH|Glu (L-[3.4-*H]glutamic acid, 46.6 Ci/
mmole) was obtained from New England Nuclear (Boston,
MA, U.S.A.). Other chemicals used were all of com-
mercially gnaranteed grade.

Membrane preparation. Groups of three male albino
Wistar rats weighing 200-250 g were housed togetherin a
metallic breeding-cage at a room temperature of 25 = 2°
and a humidity of 55 + 5%, in a room with a 12-hr light~
dark cycle. Animals were decapitated between 10:00 and
11:00 a.m. in the light cycle. Retinas were dissected out
and placed into ice-cold deionized distilled water for homo-
genization within 1 min after the animals were killed. Cer-
ebral cortex was dissected out on a chilled plastic plate
according to the procedures described by Glowinski and
Iversen [9]. The retina and cerebral cortex were homo-
genized individually in 50vol. glass-distilled deionized
water using a Polytron homogenizer at setting No. 6 for
30 sec at 4°. The homogenates were centrifuged at 50,000 g
for 30 min, and the resultant pellets were suspended in
50 mM Tris-acetate buffer ( pH 7.4). The suspensions were
again centrifuged as above. These washing procedures were
repeated three times. The final pellets thus obtained were

* Abbreviations: AP4, L-2-amino-4-phosphonobutyric
acid; DIDS, 4,4'-diisothiocyanatostilbene-2,2'-disulfonic
acid: Glu, t-glutamic acid; KA, kainic acid; NMDA, N-
methyl-D-aspartic acid: and QA quisqualic acid.

suspended in 0.32 M sucrose and the suspensions were
frozen at —80° for 19-20 hr [10]. The frozen suspensions
were thawed at room temperature and washed twice by
centrifuging at 50,000 g for 30 min with 50 mM Tris-acetate
buffer (pH 7.4) before each use.

Binding assay for [*H]Glu. Each membranous homo-
genate suspension was incubated with 10 nM [*H]Glu in
5004l of 50mM Tris-acetate buffer (pH 7.4) at 2° or
30° for 60 min in the presence and absence of various
compounds. Incubation was terminated by the addition of
3 ml of ice-cold buffer and subsequent filtration through a
Whatman GF/B glass filter under a constant vacuum of
15 mm Hg. After washing the filter four times with 3 ml of
ice-cold buffer, the radioactivity trapped on the filter was
measured by a liquid scintillation spectrometer (LSC 900,
Aloka, Japan) using 5 ml of modified Triton-toluene scin-
tittant [11] at a counting efficiency of 40-42%. The radio-
activity found in the presence of 1 mM nonradioactive Glu
was subtracted from each experimental value to obtain
the specific binding of [*H]Glu [12]. The specific binding
increased linearly with incubation time and reached a pla-
teau within 30 min independently of the incubation tem-
perature. Thin-layer chromatography on cellulose-coated
plates with phenol-H,O (75:25, at 22 + 2°) as a solvent
system revealed that no significant degradation of the radio-
active ligand occurred during the incubation with cerebral
and retinal preparations at 30° for 60 min.

Binding assays were always carried out in triplicate with
a variation of less than 10%. Protein content was measured
by the method of Lowry er al. [13]. The protein con-
centration usually employed was between 200 and 250 ug
per assay. Results were usually expressed as the
mean = SE, and the statistical significance was determined
by Student’s r-test.

Results and discussion

As shown in Fig. 1, neither Cl~ nor C17/Ca®" elicited
a significant alteration in the retinal binding despite the
occurrence of a profound augmentation of the cerebral
binding by these ions. Chloride as well as C1/Ca?” induced
a significant increment of the density of the binding sites
without altering their affinities in the cerebral synaptic
membranous preparations [12]. In addition, Na® remark-
ably facilitated the binding of [PH]Glu to cerebral pre-
parations with a concomitant suppression of the retinal
binding. A 100mM concentration of sodium acetate
exerted about a S5-fold elevation of the cerebral binding.
while inducing a 50% reduction of the retinal binding (Fig.
1). These results suggest the possible difference in the ionic
modulatory mechanisms of the binding between the retina
and cerebral cortex. Since sodium ions are known to affect
differentially the opiate receptor binding of agonists and
antagonists [14], it seems possible that Na* may provide a
useful tool for the differentiation and/or subclassification
of the Glu binding sites. Similarly significant suppression of
[*H]Glu binding occurs in the peripheral endocrine organs
such as the pituitary [10] and adrenal [15].



