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ABSTRACT

The Pt complex |meso-l,2-bis(2,6-dichloro-4-hydroxyphenyl)-ethyl-
enediamine]diaqua-Pt(II) sulfate (meso-6-PtSO4) was designed with the
concept of combining the cytotoxic cisplatin with an estrogen receptor
(ER)-binding ligand for targeting to ER+ mammary tumor cells. This Pt
complex selectively inhibits growth of ER* mammary tumors in rodents.

To study the cellular mechanisms of action, cultures of two human
mammary tumor cell lines, MCF-7 (ER+) and MDA-MB2â€ž(ER-), were

used and the effects of estradici, tamoxifen, and cis-Pt compared with
those of meso-6-PtSO4. The relative binding affinity of the meso-6-PtSO4
to the ER in MCF-7 cells was 0.35 compared to estradici (relative binding
affinity, 100). Nevertheless, the Pt complex was able to induce ER
processing and increase the level of the progesterone receptor at concen
trations of 1-10 ni\l. Growth of MCF-7 cells was inhibited at concentra
tions of meso-6-PtSO4 >10 /IM. MDA-MB2ji cells were inhibited like
wise by the Pt complex, indicating a lack of selectivity for the ER+ cells.

The results show that meso-6-PtSO4 possesses both estrogen-like and
cis-Pt-like properties. Since growth inhibition did not correlate with ER-
mediated processes, these two properties are expressed independently at
the cellular level. The selective growth inhibitory effect of meso-6-PtSO4
in vivo is suggested to involve endocrinological and/or immunological
factors.

INTRODUCTION

An approach to overcome some of the drawbacks of hormonal
and chemotherapeutic treatments of breast cancer has been to
develop compounds which combine a cytotoxic drug, such as
cis-Pt-' (cisplatin) with a hormone receptor-binding compound.
The cis-Pt analogue meso-6-PtSO4 was synthesized with this
rational in mind (Fig. 1). The complexing ligand meso-6 is a
derivative of the nonsteroid synthetic estrogen hexestrol and is
complexed to the platinum(II) moiety as the reactive cytotoxic
element. It was envisaged that this combination would promote
a selective antineoplastic effect by targeting the Pt complex to
ER-positive tumor cells. The water solubility of the compound
facilitates the application to animals and cell culture experi
ments (1).

The meso-6-PtSOj has been tested for its selective antitumor
effects on the ER-positive and ER-negative MXT mammary
tumors in the mouse (2). The Pt complex led to a marked
reduction in tumor weight after a 6-week application to mice
bearing the ER-positive MXT, while it displayed no tumor
growth inhibition on the ER-negative MXT tumor (after 2
weeks). In the dimethylbenz(a)anthracene-induced mammary
carcinoma of the Sprague-Dawley rat, tumor regression was
observed as early as 7 days after beginning treatment with
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meso-6-PtSO4. The compound was much more effective than
cis-Pt or the ligand (meso-6) alone (1). Thus, meso-6-PtSO4
would appear to act selectively and with better efficacy than cis-
Pt or the ligand on these ER-positive mammary tumors.

Testing the ligand and its Pt complex for binding affinity to
the ER in calf uterus cytosol showed that these compounds had
a RBA of 0.45 and 0.1, respectively, compared to estradici
(RBA, 100). In spite of these low binding values, both com
pounds at a concentration only 10-fold higher than that of
estrone produced the same uterotrophic effect in immature
mice (2). These observations indicate that the interaction of the
compounds with the ER is functionally effective.

The working hypothesis which has been put forth for the
action of such a Pt complex is that the compound should by
virtue of its estrogenic ligand be selectively taken up and re
tained in ER-positive cells by binding to the ER (l). It is
accepted that the occupied ER is enriched in the nucleus, where
it binds to specific regions on the chromatin. Thereby the Pt
complex would come into proximity of the DNA, which should
then facilitate the electrophilic Pt complex to interact covalently
with vicinal guanine bases. This reaction could lead to inhibition
of transcription and DNA synthesis. The latter process has been
proposed to be responsible for the growth inhibitory effect of
cis-Pt (3).

One aim of this study was to test meso-6-PtSO4 for its effects
on ER-mediated responses and for growth inhibition in cell
culture in view of the working hypothesis. Two human mam
mary carcinoma cell lines were used as a model system: the ER-
positive MCF-7 cells (4) and the ER-negative MDA-MB,,, (5).
These cell lines have been used previously to screen the various
Pt complexes for their selective effects on ER-positive tumor
cells (1). The second aim of this study was to compare the in
vitro results with previously published data obtained with this
Pt complex in various animal systems.

MATERIALS AND METHODS

Materials. The test compounds meso-6 and meso-6-PtSO4 were
synthesized in our department; the ligand was dissolved in O.I N HC1
and the Pt complex in H;O at 1 HIM.cis-Pt was a gift from Degussa
and was dissolved in dimethyl formamide or 0.15 M NaCl. 17/3-Estra-
diol, tamoxifen, and progesterone were from Sigma. [2,4,6,7-'H]Estra-
diol and ['H]ORG.2058 were from Amersham. Benzalkonium chloride

was obtained from Janssen Chimica.
Cell Culture. MCF-7 and MDA-MB211, two human breast cancer cell

lines, were obtained from the American Type Culture Collection. Both
cell lines were maintained in improved minimal essential medium (6)
without phenol red (Seromed), supplemented with 10% newborn calf
serum (Gibco) and gentamycin (40 /jg/ml). Cells were passaged weekly
and were plated at a titer of 2 x 104/ml. For most experiments 35-mm

dishes and 24-well plates (Falcon) were used.
Determination of Cell Number. In the experiments a method for

nuclei counting (7) was used to circumvent the errors in counting
trypsinized, often aggregated, cells. After the monolayer was washed
twice with a 0.9% NaCI solution, cells were allowed to swell in a
hypotonie buffer (20 miM 4-(2-hydroxyethyl)-l-piperazineethanesul-
fonic acid, pH 7.8-1 mivi MgCl2-0.5 mivi CaCI2) for 10-15 min and
were then lysed with 5% benzalkonium chloride in 3% acetic acid. The

3217

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/12/3217/2443791/cr0510123217.pdf by guest on 19 M

ay 2023



PROPERTIES OF AN ER-BINDING PT COMPLEX

Cl CH CH Cl

SO,
2-

Fig. 1. Formula of the ER-binding Pt complex: mcso-6-PtSO4.

resulting nuclei suspension was diluted in phosphate-buffered saline
containing 0.5% formaldehyde and was counted in a Coulter Counter.

Microtiter Assay of Cell Growth. The method was essentially as
elaborated by Reile et al. (8). Cells were plated in 96-well plates at 2000
cells/100 Â¿Â¿I/wellin culture medium as described above. Test com
pounds, and combinations thereof, were added in 50 M' 24 h later,
resulting in a total volume of 150 Â¿ilmedium/well. After an incubation
period of 5 days, cells were fixed with a 1% glutaraldehyde solution (50
Â¿il/well)for 15 min, washed twice with deionized H2O, and stained with
a 0.2% crystal violet solution (50 /jl/well) for 20 min. The excess stain
was removed by washing the cells again twice with deionized H2O and
letting them stand in H2O for 15 min. After the water was decanted,
100 p\ of 70% ethanol/well was added and plates were shaken at 4Â°C

for 3-4 h to solubilize the stain from the cells. The absorbance of the
solution was measured at 578 nm with a microplate photometer
(Titertek).

Determination of I'll|l .â€¢Binding in Cell Culture. The method for the

steroid-binding assay was essentially that described by Olea-Serrano et
al. (9). Cells were grown to subconfluence, and the culture medium was
replaced by serum-free medium. ['H]Estradiol (97 Ci/mmol) at a con
centration of 0.2 n\t was added alone and in combination with nonla-
beled E2 or the test compounds in increasing concentrations. Nonspe
cific binding was determined by adding E2 at a concentration of 0.1 Ã•IM.
Cultures were incubated at 37Â°Cfor 35 min. after which they were

washed twice with cold 0.9% NaCl solution and extracted with absolute
ethanol. The radioactivity in the alcohol extract was counted in scintil
lation fluid (Quickszint; Zinsser). Less than 15% of the radioactivity
remained with the cells on the dish.

Assay for Induction of Progesterone Receptor. MCF-7 cells were
transferred to medium containing 15% CD-NCS (newborn calf serum
treated twice with dextran-coated charcoal) at least 3 days before plating
them for the experiment in the same serum. The test compounds were
added 24 h after replating, and the cells were incubated for up to 5
days. The procedure for determining the progesterone receptor was
essentially the same as for ['HjEj binding described above. Cells were
rinsed twice with 0.99o NaCl and were given serum-free medium to
which was added ['H)ORG.2058 (50.6 Ci/mmol), at 1 n\i. Progesterone

at 1 MMwas added to parallel cultures for nonspecific binding. Incuba
tion was at 37Â°Cfor 45 min, when cellular radioactivity was extracted

with ethanol. Cell number was determined in parallel dishes.

RESULTS

Estrogen Receptor-mediated Effects in MCF-7 Cells

respectively. These values correspond to an RBA of 2.5 for
meso-6 and 0.35 for meso-6-PtSO4, when the binding of E2 is
defined as 100. In a parallel experiment with calf uterus cytosol,
in which the dextran-charcoal method at 0Â°Cwas used (10),

similar results were obtained (data not shown), indicating that
binding to the estrogen receptor was similar in the two experi
mental systems. For comparison the ER binding of the anties-
trogen TAM was also determined in the cell culture: it had an
median effective dose of 75 nM, corresponding to an RBA of
0.8. Thus, with regard to ER binding meso-6-PtSO4 and TAM
showed similarly low affinities. No specific E2 binding could be
detected in MDA-MB211 cells, in agreement with their descrip
tion as ER-negative cells (5).

Scatchard plot analysis was used to determine the manner in
which these compounds competed with E2 for its binding site:
did they change the Kn or the number of available binding sites?
Fig. 3A shows that meso-6-PtSO4 reduced the A"Dwithout

affecting the maximal binding sites. Similar results were ob-
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Fig. 2. Interaction of meso-6 and meso-6-PtSO4 with the ER. A, dose-depend
ent competition with ['H]E2 . MCF-7 cells Â»ereincubated for 30 min at 37Â°C
with 0.2 nM |'H]E2 and increasing concentrations of unlabeled E2 or the test
compounds. B, dose-dependent induction of ER processing. MCF-7 cells were
preincubated with unlabeled E2 or the test compound for 16 h. After the com
pounds were removed, cells were incubated for 30 min at 37'C with 0.2 nM [JH]
E2 alone. Further procedures are described in "Materials and Methods." â€¢,E2;
â€¢TAM; A, meso-6; A. meso-6-PtSO4.
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The RBA of the ligand meso-6 and its Pt complex for the
estrogen receptor was determined in subconfluent cultures of
MCF-7 cells at 37Â°C(Fig. 2A). At an E2 concentration of 0.2

nM, the concentrations required to displace 50% of the com
peting E2 by meso-6 and meso-6-PtSO.Â»was 24 and 170 nM,
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Fig. 3. Analysis of ER interaction with the test compounds by the Scatchard
plot. A, simultaneous competition of meso-6-PtSO4 (0. l Â¿IM;A) and TAM (1 ^M;
â€¢)with I in comparison with E2 binding alone (â€¢).A,, values (nM): â€¢,0.20; â€¢
1.43; A. 0.45. B, E2 binding after a 16-h preincubation of the cells with E2 (1 nM;
O), meso-6-PtSO4 (0.1 UM; A), and TAM (10 w, D). â€¢.control from A.
Determination of E2 binding was performed on MCF-7 cultures with 3.8 X 10*
cells/well as described in "Materials and Methods." KDvalues (nM): O, 0.19; D,

2.50; A. 0.22.
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tained with the ligand, meso-6 (data not shown). TAM at 1 IÂ¿M,
a concentration used for cell growth inhibition, also markedly
reduced the KD. These results indicate that these compounds
interact with the E2-binding site in a competitive manner.

Since meso-6 and meso-6-PtSO4 could have effects on the
estrogen receptor which are manifested at longer incubation
times, these compounds were tested for their ability to induce
receptor processing, i.e., estrogen-induced loss of E2-binding
capacity. As shown in Fig. 2B, preincubation of MCF-7 cells
with unlabeled E2 for 16 h markedly reduced subsequent binding
of ['H]E2. E2 required 10-fold lower concentrations to induce

processing than to occupy the receptor. Preincubating the cells
for 16 h with meso-6 and its Pt complex also reduced [3H]E2

binding. It is remarkable that the concentrations required to
induce processing are more than a 100-fold lower than those
required for simultaneous competition with [3H]E2 for the bind

ing site. This is in contrast to TAM, for which both curves are
the same.

The loss of E2-binding capacity can result from a loss of
binding sites, a loss of binding affinity, or both. To determine
which parameters were altered, cells were preincubated for 16
h with the test compound and E2 binding was analyzed by the
Scatchard plot. As shown in Fig. 3Ã„,preincubation with E2
reduced the number of binding sites without changing the KD
value. Similar results were observed for meso-6-PtSO4, as well
as with meso-6 (not shown). Again in contrast, TAM showed
no reduction of the total binding sites but a marked reduction
in the KD. The lack of processing activity is compatible with
the antiestrogenic properties of TAM. These results indicate
that meso-6-PtSO4 behaves like an estrogen in its interaction
with the receptor.

A further indication for a functional interaction with the
estrogen receptor is the induction of the progesterone receptor.
To test whether the ligand and its Pt complex were able to
increase the level of the progesterone receptor, MCF-7 cells
were incubated with the test compound at increasing concentra
tions for 5 days, when the binding of the synthetic progestin
[3H]ORG.2058 was measured. Fig. 4 shows that E2 increased
the level of progestin binding at concentrations >1 pM. The
ligand meso-6 and the Pt complex also markedly increased
progestin binding to the same level as E2 at concentrations >10
pM, reaching a maximum at 1 nM. These concentrations are
about 100- to 1000-fold lower than required for binding com
petition with E2 but in a similar concentration range required
for ER processing.

To test whether meso-6 and meso-6-PtSO4 show similar
kinetics for the induction of progestin binding as a function of
the PgR, MCF-7 cells were incubated for various times with
the test compounds at maximally effective concentrations be
fore binding of ['HJORG.2058 was determined. As the results

in Fig. 5 show, the increase in binding to the PgR beginning 8
h after addition of the test compound was not significantly
different from the time course obtained upon E2 stimulation.
After 3 days the PgR level in E2-treated cells continued to
increase, while it remained at a plateau in cultures treated with
the test compounds. TAM at 1 pM did not induce PgR binding.
The qualitatively similar action of meso-6 and meso-6-PtSO4

compared with E2 in inducing PgR binding further indicates
that the ligand and its Pt complex have estrogenic properties
at the cellular level.

Growth Inhibition in MCF-7 and MDA-MB2.â€žCells. The
effects of the meso-6 and meso-6-PtSO4 on cell proliferation
were tested on these two cell lines that differed with respect to
their detectable ER levels. If the growth inhibitory effect is

10' 10
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Fig. 4. Dose-dependent induction of progestin-binding sites (progesterone
receptor) by E2 (] nM; â€¢),meso-6 (A), and meso-6-PtSO4 (A). MCF-7 cells in
15% CD-NCS were incubated for 5 days with the compounds. Uptake of
[3H]ORG.2058 (1 nM) alone and with 1 nM progesterone for nonspecific binding
was determined in a 45-min incubation at 37'C as described in "Materials and
Methods." Cell number was determined in parallel cultures.
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Fig. 5. Kinetics for the induction of the progesterone receptor in MCF-7 cells
by meso-6 and meso-6-PtSO4. A, short-term kinetics. MCF-7 cells were plated in
15% CD-NCS and compounds were added 3 days later for the times indicated.
B, long-term kinetics. Compounds were added to the cells in 15% CD-NCS serum
24 h after plating and were incubated for the times indicated. Specific binding of
[3H]ORG.2058 (1 n\i) was determined as described in Fig. 4. No addition, O; E2
(1 n.\i), â€¢;meso-6 (I nM), A; meso-6-PtSO4 ( 1 nM), A.

promoted by accumulation of the Pt complex via the ER, it
should be expected that the ER-positive cells are selectively
inhibited. Fig. 6 shows the dose-response curves for the ligand
and the Pt complex in the ER-positive MCF-7 cells and the
ER-negative MDA-MB21,, which had been incubated with the
compounds for 5 days. During this time the untreated cells
showed exponential growth and the ligand itself inhibited only
marginally. In both cell lines no significant growth inhibition
could be observed for meso-6-PtSO4 at 1 MM,a concentration
at which cis-Pt showed a marked inhibitory effect. Instead, a
concentration of 20 pM meso-6-PtSO4 was required to produce
50% inhibition not only in MDA-MB2,i but also in the MCF-
7 cells. A difference observed between the cell lines was that in
MCF-7 cells lower concentrations (0.1-1 UM)of meso-6-PtSO4
repeatedly exhibited a slight inhibitory effect of about 20%, a
phenomenon also often observed with E2 at 1 nM. In contrast,
TAM was selective in that it inhibited growth in MCF-7 cells
but not in MDA-MB231. In variance with our expectations,
meso-6-PtSO4, therefore, did not display selective growth in
hibition between these two cell lines. Furthermore, growth
inhibition was first observed at concentrations which were a
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Fig. 7. Kinetics of growth inhibition by meso-6-PtSO4 (20 MM;A). cis-Pt (1

MM;x. and TAM (l MM:G) in MCF-7 and MDA-MB2ji cells. Test compounds
were added 24 h after plating (arrows) and nuclei were counted on the days
indicated. Cells were growing exponentially up to day 6. The doubling time was
25 h for MCF-7 and 24 h for MDA-MB23, cells.

Fig. 6. Dose-response curves of meso-6 and meso-6-PtSO4 for growth inhibi
tion in MCF-7 and MDA-MBjji cells. Test compounds were added 24 h after
plating and the nuclei of viable, attached cells were counted 5 days later. A, meso-
6: A, meso-6-PtSO4; D, TAM; x, cis-Pt. Results were the average of at least 2
experiments. Deviations within replicates of the same experiment were about
\0%. SD of the mean values from the different experiments were about 20%.

100-fold higher than those required for occupation of the E2-

binding sites.
Kinetic analyses of the growth inhibitory effects were done

to further characterize the mode of inhibition: What was the
time required after addition of the compound before the effect
was expressed? What is the course of inhibition; did it follow
first-order kinetics? The fraction of viable attached cells after
treatment was determined at various times after addition and
was plotted as the logarithm against the incubation time (Fig.
7). cis-Pt and meso-6-PtSO4 at equieffective concentrations
showed the same type of kinetics of inhibition. The relative
reduction in the cell number followed first-order kinetics at
least up to day 5 in both cell lines. By extrapolation the lag
phase for the manifestation of the growth inhibition was esti
mated to be about 15 h, a fraction of the doubling time. In
contrast, the inhibitory effect of TAM in MFC-7 cells had a lag
phase of 2-3 days. The similarity in the inhibition kinetics of
the meso-6-PtSO4 with that of cis-Pt is in concordance with the
idea that meso-6-PtSO4 should express its growth inhibitory
effect by virtue of its chemically active platinum.

Effect of Combining meso-6-PtSO4 with E2, TAM, cis-Pt, and
the Ligand meso-6 on Growth Inhibition. The combination of
meso-6-PtSO4 with the other ER-binding compounds and with
cis-Pt was tested on MCF-7 cultures to gain further insight into
the cellular mechanism of action. The initial working hypoth
esis would predict that E2 should antagonize the inhibitory
effect of meso-6-PtSO4 by occupying the ER, thereby prevent
ing the binding of meso-6-PtSO4 and its accumulation in the
nucleus. Fig. 8A shows a dose-response curve for meso-6-PtSO4
in the presence of two E2 concentrations. Neither at the low (1
HM)nor at the high (1 p\i) concentration did E2 have any effect
on the growth inhibition produced by the Pt complex. This
result does not fulfill the prediction. Instead, it suggests that,
even though meso-6-PtSO4 has estrogenic properties, the
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Fig. 8. Effects of E2, TAM. and cis-Pt in combination with meso-6-PtSO4 on
growth inhibition in MCF-7 cells. Cells were plated in microtiter wells and the
compounds alone or in the indicated combinations were added 24 h later. After
5 days of incubation cell growth was monitored by staining with crystal violet
and measuring the absorbance as described in "Materials and Methods." meso-
6-1'iSO, at the indicated concentrations (A) was added alone or in A with F.. (I
nivt, l MM,â€¢),in B with TAM (l MM,D; 8 JIM,â€¢),in C with cis-Pt (0.25 MM,x; 1
MM,+) and in D with meso-6 (10 MM,A; 40 MM.A). , calculated additive
inhibition.
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growth inhibitory effect is not mediated by the estrogen
receptor.

In this context it was interesting to test which effect the
combination of the antiestrogen TAM with meso-6-PtSO4
would have on growth inhibition. Would there be enhancement
or antagonism of the inhibitory effects? As shown in Fig. 8Ã„
the inhibitory effect of TAM is reversed not only at concentra
tions at which meso-6-PtSO4 shows little effect but also at the
inhibitory concentrations. These two compounds were, thus,
antagonistic at all concentrations tested. This observation is
reminiscent of the reversal of the TAM effect by E: (data not
shown) (11). It further supports the interpretation that both the
estrogenic and the growth inhibitory properties reside on meso-
6-PtSO4.

Similarly, MCF-7 cells were incubated with a combination
of meso-6-PtSOj and cis-Pt, for which DNA has been shown
to be a molecular target. If the two Pt complexes act by a
common mechanism, additive effects could be expected. (The
inverse conclusion that additivity of effects is a proof for a
common mechanism cannot be drawn.) The combined effects
were defined as being additive by the following equation:

FA* B = FA X F B

where F is the fraction of unaffected (viable) cells. The sub
scripts A, B, and A + B indicate the treatment that the cultures
had received. The data in Fig. 8C show that the combination
of meso-6-PtSO4 and cis-Pt results in an additive enhancement
of the inhibitory effect. This was true, however, only at subsa-
turating concentrations of the individual compounds. Additive
inhibition was likewise observed when cell growth was quanti
fied by nuclei count (data not shown), indicating that this
relationship is not an artifact of the method used. The additivity
of the inhibitory effects and the deviation from additivity at
saturating concentrations (where a single compound has maxi
mal activity, which cannot be enhanced by addition of a com
pound having the same activity) is compatible with the concept
that meso-6-PtSO4 acts via the same target as cis-Pt. This,
however, remains to be proven on a biochemical/molecular
level.

In a control experiment meso-6-PtSO4 was added together
with its ligand. Here, too, the working hypothesis would predict
that the ligand prevents the binding and accumulation of the
Pt complex, thereby diminishing the growth inhibitory action
of the Pt complex. This was not the case as the results in Fig.
SD show. On the contrary, the ligand, which alone shows little
or no inhibitory effect, could even enhance the inhibitory effect
of low concentrations of meso-6-PtSO4. These unexpected
results suggest that there exists a large pool of binding com
ponents, which could trap the meso-6-PtSO4 by interacting
with the ligand part of the complex. This could reduce the
availability of the Pt complex, which interacts with the pre
sumed DNA target via the platinum.

DISCUSSION

The concept of ER-mediated drug targeting provided the
basis for the working hypothesis at the onset of this study. This
hypothesis predicted that the Pt complex, meso-6-PtSO4, by
virtue of its ER binding ligand would accumulate specifically
in ER-positive tumor cells. In these it would enrich in the
nucleus and there express the cytotoxic effect through the
reaction of the Pt group with the DNA. The results show that
meso-6-PtSO4 displays estrogen-like properties in ER-positive
human mammary tumor cells: (a) it competes with E2 for ER-

binding sites in a competitive manner at 0.1 n\\ concentrations,
(b) it reduces the number of E^-binding sites after a 16-h
incubation, and (c) it increases the level of progesterone
receptor.

There is, however, at least a 100-fold difference in the con
centrations of meso-6-PtSO4 required for competing with a
physiological concentration of E2 (0.2 nivi) and those required
to induce functional changes in the ER. In terms of these ER-
related effects, meso-6-PtSO4 is only 20- to 50-fold less active
than E2, compared to the 500-fold weaker affinity to the ER.
This again indicates that the RBA values give little information
concerning the quality of the ER interaction. Receptor process
ing, i.e., the reduction of E2-binding sites, is normally observed
after prolonged incubation with estrogens and is due to a down
regulation of the receptor (12). Scatchard plot analysis showed
the same changes took place with meso-6-PtSO4, suggesting
that it, too, induced ER processing. An alternative explanation
to the observed loss of E2-binding capacity by the Pt complex
could be that it binds irreversibly to or dissociates extremely
slowly from the ER so as to mimic receptor down regulation,
while unoccupied sites retain their binding affinity. This inter
pretation is unlikely, since the same low concentrations of the
meso-6-PtSO4 which induce processing also induce PgR. The
latter effect implies that a transformed ER is binding to estro
gen-responsive elements on the DNA and is active in inducing
gene expression (e.g., PgR). Furthermore, preliminary results
showed that a potent antiestrogen, 5-hydroxy-2-(4-hydroxy-
phenyl)-3-methyl-l-(6-pyrrolidinohexyl)-indol, reversed the in
duction of the PgR by meso-6-PtSO4, an effect also observed
with E,.4

It could be argued that the ligand dissociates from the Pt
complex, thereby inducing the estrogenic effects. This appears
to be unlikely in view of a report that ethylenediamine cis-Pt
did not dissociate the organic ligand in rat tissue within 24 h
(13). Furthermore, there is evidence that a 10-min pulse incu
bation with meso-6-PtSO4 is sufficient for induction of the
PgR/ Preliminary high performance liquid Chromatographie
analysis of meso-6-PtSO4 is not indicative of any ligand being
released during this time in culture medium.6

In contrast to meso-6-PtSO4, TAM at the growth inhibitory
concentration of 1 /Â¿Mdid not induce processing but, rather,
reduced the affinity of the E^-binding site, as analyzed by the
Scatchard plot. This result agrees with a report by Gyling and
Leclercq (12) and contradicts results from Horwitz and Mc-
Guire (14). The latter authors, however, used TAM at 0.1 Â¿IM
and did not distinguish between loss of affinity and loss of
binding sites. An additional property of TAM as an antiestrogen
is that its active metabolite. 4-OH-TAM, can occupy the ER,
which will bind to DNA, but cannot induce gene expression
(15). Our results showed that TAM (1 ^M) did not induce PgR,
as also observed by Horwitz et al. ( 16).

meso-6-PtSO4 showed cytotoxic activity by inhibiting prolif
eration of the ER-positive MCF-7 cells. This cytotoxic effect,
however, appears not to be mediated by the ER for the following
reasons: (a) The concentration of meso-6-PtSO4 required for
growth inhibition was 10 UM, which is about 100-fold higher
than that required for competition with physiological concen
trations of E2 for ER binding, (b) Addition of E2 to cells with
meso-6-PtSO4 did not reverse the inhibitory effect, (c) Prolif
eration of the ER-negative MDA-MB2ji cells was inhibited at
similar concentrations required for inhibition of MCF-7 cells.

4 M. Fadcrl and E. von Angcrcr. unpublished data.
5A. M. Odo. unpublished dala.
* P. Bednarski. B. \\urm, and A. M. Otto, unpublished data.
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The cytotoxic effect was, therefore, not selective for the ER-

positive tumor cells.
In concordance with the prediction of the working hypothesis,

the cytotoxic action of meso-6-PtSO4 in cell culture appears to
be due to the Pt group. The ligand by itself, while possessing
all the tested estrogenic properties, showed no, or merely a
marginal, growth inhibitory effect. Furthermore, meso-6-PtSO4
can bind to activated double-stranded DNA as does cis-Pt but
with different initial kinetics.7 However, it should be noted that
20-fold higher concentrations of meso-6-PtSO4 than of cis-Pt
are required to exert the same growth inhibitory effect. Prelim
inary experiments with intact nuclei from MCF-7 cells reveal
further differences between these two Pt complexes at growth
inhibitory concentrations: while cis-Pt increased ['H]thymidine
triphosphate-incorporation, meso-6-PtSOj inhibited it." This

would further suggest that the Pt complexes somehow differ in
their mode of action. Platination of DNA is thought to play a
role in the cytotoxic effect of cis-Pt (3), but further experiments
are required to elucidate whether this process is responsible for
the cytotoxic effect of meso-6-PtSO4.

The observation that the cytotoxic effects of compounds
comprised of an ER-binding ligand and a cytotoxic group are
not mediated by the ER system has also been described by other
investigators. In a study using PtCl? cis-coordinated with an
aminoestradiol and pyridine, ER-binding affinity was observed
at concentrations of 1-10 ^M, but growth was not inhibited
selectively in ER-positive human mammary tumor cells in

culture (17).
Taken together, these results show a dissociation of estro

genic and cytotoxic activity of ER-binding Pt complexes. This
might question the validity of ER-mediated drug targeting as a
working hypothesis. However, the specificity for ER-positive
tumors in rodent tumor models suggests that in addition to the
Pt group meso-6-PtSO4 possesses properties, probably related
to its estrogenic character, which are important for the arrest
of tumor growth in the organism.

Estrogen-like properties of meso-6-PtSO4 have been dem
onstrated in different animal models (1, 2). Affinity for the ER
was initially tested in calf uterus cytosol and these results
corresponded well with the RBA values found in intact MCF-
7 cells. The estrogenic capacity of meso-6-PtSO4 was deter
mined in mice by changes in uterus dry weight. Similar to the
observations in MCF-7 cells, the concentration of meso-6-
PtSO4 required for the uterotrophic effect was about 10-fold
lower than would be expected from the RBA value (2). With
regard to the estrogenic activity of meso-6-PtSO4, the results
in the animal and in tumor cell culture were in good agreement.

Discrepancies in the results were observed, however, when
inhibition of tumor growth in the animal was compared with
that in cell culture. meso-6-PtSO4 was much more effective
than cisplatin in inhibiting growth of the ER+ MXT tumors in

mice and of dimethylbenz(a)anthracene-induced mammary tu
mors in rats. Furthermore, the Pt complex showed selectivity
in not affecting the growth of the ER~ MXT tumors. These

results are in contrast to the effects of meso-6-PtSO4 on breast
cancer cell growth in culture: the compound was much less
inhibitory than cis-Pt, and inhibition was not selective for the
ER+ cells.

The reason for these discrepancies between the in vivo and in
vitro results needs to be further explored. Obviously, the animal
can use many other mechanisms for inducing arrest of tumor
growth and regression than are at the disposal of an isolated

7 M. Faderl, E. Holler, and A. M. Otto, manuscript in preparation.
* M. Faderl and A. M. Otto, unpublished data.

cell line growing in monoculture. For example, at the endocrine
level, several studies suggest that Pt complexes inhibit steroi-
dogenesis (18-20). The resulting reduction of hormone-levels
could lead to growth inhibition of hormone-sensitive breast
cancer. However, since meso-6-PtSO4 is also estrogenic, it
would override such an inhibitory effect. The weaker tumor
inhibitory effect of the estrogenic ligand alone indicates that
the Pt moity contributes by an independent mechanism to
tumor regression in the organism. At the immunological level
there are reports that gonadal steroids can stimulate or depress
different aspects of cell-mediated immune reactions (reviewed
in Ref. 21). With respect to meso-6-PtSO4, it has been observed
that it does not inhibit growth of hormone-sensitive mammary
tumors in immunodeficient mice (22). The interaction of im
mune cells with hormone-sensitive tumor cells deserves further
experimental attention.
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