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ABSTRACT

|'2!I|17-a-Iodovinyl ll-/3-methoxyestradiol ((125I)MIVE2) has been

evaluated as a potential radiotracer for the diagnostic imaging of estrogen
receptor (ER)-positive human breast cancer. In vivo distribution experi
ments with athymic ovariectomized nude mice bearing human breast
tumors revealed an apparent correlation between uptake of I2*l-labeled

compound and estrogen receptor concentration in the tumors. At 4 h after
i.v. injection of |'"I1MIVE2, HS578T (ER negative), ZR75-B (interme
diate ER), and MCf-lras (high ER) tumors accumulated 0.320 Â±0.186,
0.679 Â±0.467, and 2.6163 Â±1.0121% injected dose/g, respectively. With
coinjection of unlabeled 17-0-estradiol, levels of radioactivity in MCF-
Iras tumors were decreased to 0.4859 Â±0.1424% injected dose/g, indi
cating a receptor-mediated process. Peak activity of radioligand in MCF-
7ras tumors and uteri was observed at 2 h and was retained for the 8-h
time course. Blood and nontarget tissue, such as muscle, revealed a rapid
clearance of IZ5I-labeled compound by 8 h. Eight hours after injection,
uterus and tumor-to-blood ratios were calculated to be 225 and 21,
respectively. Also, MCF-lras tumors were shown to accumulate 6.5-fold
more radioactivity than muscle. These data suggest that [I25I]MIVE2has

the capability of interacting specifically and with high affinity with
estrogen receptors in human breast tumors in nude mice and may possibly
be used for imaging receptor-positive tumors in breast cancer patients
with very low serum estrogen levels. Selective uptake of compound in
M( l'-7ru.v tumors emphasizes the usefulness of an estrogen receptor-

positive tumor model which has a unique ability to grow in a host system
without circulating estrogens.

INTRODUCTION

Numerous investigators have reported on various radiophar-
maceuticals designed specifically to interact with estrogen re
ceptors with the intent of localizing human mammary carci
noma cells (1-6). Those tumors categorized as receptor-positive
demonstrate a higher response rate to endocrine therapy com
pared to those lacking estrogen receptors (7). [I25I]MIVE22has

been recently synthesized (8) and has revealed favorable char
acteristics that suggest this compound could be a suitable im
aging agent in breast cancer patients. Studies with human
ovarian carcinoma and immature rat uteri indicated a highly
selective uptake with compatible, high affinity binding to estro
gen receptors (3, 9). Theoretically, the 17-a- and 11-0-methoxy
substituents of the radioligand decrease the conversion to other
metabolites in vivo and interaction with sex steroid binding
globulin, respectively (10). It has been observed that production
of metabolites and enterohepatic recirculation can raise back
ground levels of radioactivity which then interfere with imaging
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the areas of interest. Efficient clearance from nontarget tissues
and blood, therefore, as well as stability in vivo are features
required for a successful imaging agent (11).

The purpose of this investigation is to offer a new model
which can be used in the study of receptor-binding radiotracers.
The human breast cancer cell line MCF-7 has been transfected
with the v-ras" oncogene and phenotypically changed so that

the transfected cell line is now capable of producing breast
tumors in ovariectomized athymic nude mice in the absence of
estradiol (12). The original MCF-7 cell line requires estrogen
for growth in vivo. It is well known that circulating estrogens,
as well as other factors, can impede selective uptake of receptor-
based radiotracers. Therefore, the MCF-Tras tumor appears to
be an appropriate model for the evaluation of estrogen radioli-
gands designed for breast cancer imaging.

To further evaluate [I25I]MIVE2 as a potential imaging agent,
we conducted biodistribution experiments using hormone-in
dependent human breast tumors grown in ovariectomized nude
mice to generate information on [I25I]MIVE2 uptake in relation

to the concentration of estrogen receptors in the various tumors.
Also, time course studies revealed information on clearance
rates of [125I]MIVE2in target as well as nontarget tissues.

MATERIALS AND METHODS

Breast Cancer Cells. Three estrogen-independent (in vivo) human
breast cancer cell lines were used in the biodistribution studies. The
MCF-7 breast cancer cell line transfected with the v-ras" oncogene is

capable of producing tumors in ovariectomized nude mice without the
presence of estradiol. The untransfected wild type MCF-7 has a growth
dependency on estradiol (12). Estrogen receptor concentration in this
cell line is comparable to the concentration in the original MCF-7 cells
(60-100 fmol/mg) (12, 13). In our laboratory, we found that MCF-7
(wild type) and roj-transfected MCF-7 cells had similar receptor con
centrations both in vivo in nude mouse tumors and in vitro. (In cell
cultures, MCF, 75, 737 sites per cell; MCF-7ros, 45, 795 sites per cell).
In vivo, tumors contained 52,000-78.000 sites/cell (MCF-7) and
50,000-72,000 sites/cell (MCF-7ros). The ZR75-B cell line has inter
mediate levels of estrogen receptors (30.0 fmol/mg, cultured cells; 26.4
fmol/mg, tumors) and, although this cell line is hormone-responsive in
vivo, ZR75-B tumors grow in nude mice without the presence of
estrogen (14). The HS578T human breast cancer cell line is the estrogen
receptor-negative cell line used in these studies (less than 3 fmol/mg
protein). All cells were maintained at 37Â°Cin improved minimum

essential medium (zinc option medium supplemented with gentamicin
sulfate) supplemented with 10% fetal bovine serum, 2 HIML-glutamine,
0.7 g/ml insulin. Cells were plated into T175 cm2 plastic tissue culture
flasks with approximately 10 x 10" cells per flask.

Animals. Athymic NCr-nu ovariectomized female nude mice, 4-6
weeks of age, were purchased from HarÃanSprague-Dawley, Madison,
WI. Mice were maintained in pathogen-limited conditions with cages,
bedding, and food autoclaved before use.

Cell Inoculation and Tumor Growth. Cultured breast cancer cells, in
the log phase of growth, were enzymatically harvested with trypsin-
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EDTA and then resuspended in improved minimum essential medium
(zinc option medium supplemented with gentamicin sulfate) with 10%
fetal bovine serum. Approximately 5 x IO6 cells were injected s.c. in

the region of the mammary fat pads of nude mice. Tumors usually
appeared within 1 week after cell inoculation and tumors grew progres
sively, with the receptor-negative HS578T tumor being the most tu-
morigenic. Mice with tumors that ranged between 0.5 and 1.0 cm in
diameter were selected for distribution experiments.

Steroids. [I25I]MIVE2 (Fig. 1) was prepared as described by Nakat-

suka et al. (8). The specific activity was calculated to be 2000 Ci/mmol
with [3H]estradiol for control comparison in immature rat uterus. In
brief, uterine cytosol samples were incubated for 30 min at 20"C with
or without 10~6 M unlabeled estradici. The dextran-coated charcoal

assay was Deformed and the affinity and receptor concentrations were
calculated. | 'I l|l stradini and [125I]MIVE2were assumed to bind to the
same receptor population. The specific activity of [I25I]MIVE2 was
calculated by comparison of the receptor concentration of ['"iJMIVEa
with that of [3H]estradiol of known specific activity. The iodinated
compound was quick frozen and stored at â€”70Â°C.For tissue distribution

studies, 5.0 Â¿iCi(mass dose, 2.5 pmol) was injected. Unlabeled 17-/3-
estradiol (Sigma Chemical Co.) was prepared in absolute ethanol as a
1 mg/ml stock solution and coinjected with [125I]MIVE2as indicated.
[2,4,6,7-3H]Estradiol (specific activity, 110.0 Ci/mmol) was purchased

from New England Nuclear, Boston, MA.
In Vivo Biodistribution/Time Course Studies. Tumor-bearing in ari

ectomized female nude mice were injected through the tail vein with
0.1 cc [125I]MIVE2(approximately 5.0 MCi). Unlabeled 17-/3-estradiol
was coinjected with the radiotracer as indicated (5 ^g/injection). [I25I]-

MIVE2 was prepared in sterile phosphate buffered saline (pH 7.4) with
20% ethanol. Mice were sacrificed at time points which ranged between
15 min and 8 h after injection of the compound. Blood samples were
removed from the jugular vein prior to sacrifice. The remaining tissues
were then removed, blotted, and weighed (20 mg). Blood (25 Â¿il)and
tissue samples were counted in glass tubes in an LKB 7 counter (78%
counting efficiency for iodine-125). Data were expressed as a percentage
of injected dose per gram of tissue or as target to nontarget tissue
ratios.

Histology of Tumors. Tumors were excised and fixed in 10% formalin
(neutral buffer; pH 7.4). Tissues were embedded in paraffin, sectioned,
and stained with hematoxylin-eosin (American Histo Labs, Rockville,
MD). Histological descriptions of tumor sections were provided by
Donald A. Willigan, Inc., Germantown, MD.

Radioimmunoassay for Serum Estrogens. Blood samples were col
lected from ovariectomized nude mice and allowed to stand at room
temperature for 20 min. Serum was collected by centrifugation at 2000
rpm for 10 min. Detection of serum levels of estradiol was determined
by Hazelton Labs, Vienna, VA.

Protein Assay. Protein concentrations were determined by the
method of Bradford (15) using Biorad reagent.

RESULTS

In Vivo Distribution at 4 h. Tissue biodistribution of iodine-
125 in ovariectomized athymic nude mice with hormone-inde-

CH30
c=c:

,,125

'H

125I-MIVE2

Fig. 1. |125I]17-a-iodovinyl 11-0-methoxyestradiol (['"I]MIVE2).

pendent human breast tumors is shown in Table 1. An average
of 5.0 fid were injected i.v. Blood levels of radioactivity at 4 h
were consistently lower than values of all other tissues exam
ined. Nontarget tissues such as lungs, muscle, and spleen
showed relatively low uptake of iodine-125 in comparison to
target tissues (i.e., uterus). Despite the lipophilicity of this
estrogen analogue, levels of radioactivity were found to be low
in fat samples which were almost equivalent to those values
seen in muscle.

Uterine samples contained between 8.9339 Â±2.4384 and
16.40 Â±5.932% dose/g (Table 1). When [I25I]MIVE2 was
coinjected with a saturating quantity of unlabeled 17-/3-estradiol
(5 Mg), uterine values were decreased substantially (5.9-fold)
indicating a receptor-mediated uptake in this estrogen target
organ. HS578T breast tumors (receptor-negative) displayed
values that were similar to those in nontarget tissues. Levels
were lower than those obtained for muscle which may possibly
be due to a decreased vascularity in the tumor. ZR75-B tumors
exhibited an increased uptake (2-fold) over HS578T tumor
values. MCF-7ras tumors displayed the highest uptake of any
tumor: 2.6163 Â±1.0121. In the group of mice with MCF-7ros
tumors coinjected with unlabeled estradiol, levels of radioactiv
ity were decreased to 0.4859 Â±0.1424% dose/g which was
similar to the nonspecific binding observed in nontarget tissues.

Some deiodination of the radiotracer may account for the
accumulation of iodine 125 in thyroid samples seen at 4 h
(Table 1). The adrenal glands also displayed high levels of
radioactivity. The reason for accumulation of activity in this
organ may be due to its lipophilic nature (steroid synthesis) and
the presence of enzymes capable of binding steroids such as
estrogens. The major route of excretion of estrogens in rodents
is through the gastrointestinal tract rather than through the
urinary tract (1, 6). The data shown in Table 1 suggest that
[125I]MIVE2may be excreted through this route. Kidney levels

of radiotracer were minimal as compared to levels detected in
the GI tract and liver.

Table 2 shows the ratios of tissue uptake of [I25I]MIVE2 at 4
h in ovariectomized athymic nude mice. Uterus-to-blood ratios
ranged between 59.0 and 91.39. These levels were similar to
those found in [I25I]MIVE2 distribution studies (3) using im

mature rats (uterus/plasma ratios, 68/100). Radiotracer uptake
in tumors when compared to blood increased in a fashion which
appeared to be related to receptor concentrations in the various
tumors. The HS578T tumor displayed the lowest tumor-to-
blood ratio (1.587) while the MCF-7ros tumor exhibited the
highest ratio (17.3). In the presence of unlabeled estradiol,
uterus and tumor-to-blood ratios decreased substantially, indi
cating a receptor-mediated uptake. Uterine and tumor levels
were suppressed 5.9-fold and 5.4-fold, respectively. Uterus-to-
muscle ratios ranged between 26.5 and 30.98 and the tumor-
to-muscle ratios were observed to increase in levels of radioac
tivity which paraleled the content of receptors in these breast
tumors. Administration of excess unlabeled ligand decreased
uterus and tumor-to-muscle ratios to lower levels. Higher levels
of cold estradiol (50 /Â¿g)suppressed uterine and tumor uptake
of [125I]MIVE2 to levels observed in tissues with nonspecific

binding (data not shown).
Time Course Experiments. Tissue distribution of [125I]MIVE2

at various times after injection is summarized in Table 3. Mice
bearing MCF-7r<w tumors were injected with [I25I]MIVE2 and

sacrificed between 15 min and 8 h after injection. Blood levels
of radioactivity were initially 0.425 Â±0.016% dose/g at 15 min
and thereafter declined 7-fold to 0.059 Â±0.024 at 8 h. Uteri
and tumors behaved in a similar fashion in that radioactivity

2946

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/11/2945/2427759/cr0470112945.pdf by guest on 19 M

ay 2023



['"IJMIVEj AND MCF-7roi TUMORS

Table 1 Tissue distribution of[l"I]MIVE2 after i.v. injection in ovariectomized athymic nude mice with human breast tumors

% Total injected dose/g tissue at 4hÂ°TissueBloodGI

TractAdrenalsKidneysLiverLungsMuscleThyroidsSpleenFatUteriTumorsHS578T(Ar=2)

(ER-)'0.202

Â±0.0712.731
Â±1.2483.538
Â±2.6420.788
Â±0.1504.421

Â±0.7400.71
8Â±0.4620.529

Â±0.1672.025
Â±1.3600.524
Â±0.1880.548
Â±0.30016.40

Â±5.9320.320
Â±0.186ZR75-B(JV=

11)
(intermediateER)0.1

44Â±0.0413.427
Â±2.2892.710

Â±2.0030.658
Â±0.3775.253
Â±2.7050.449
Â±0.3620.443
Â±0.1960.870
+0.4100.516

Â±0.3390.507
Â±0.26413.17

Â±6.4000.679
Â±0.467MCF-7ros(A'=7)

(highER)0.151

Â±0.0532.526
Â±1.5322.037
Â±1.1020.726
Â±0.2884.890
Â±1.0850.314

Â±0.1480.337
Â±0.0740.694
Â±0.1970.310

Â±0.0310.624
Â±0.4668.934
Â±2.4382.616
Â±1.012MCF-7roi

(N = 3f
(highER)0.1

39Â±0.0652.282
Â±1.0490.879
Â±0.3900.585

Â±0.1864.260
Â±0.6570.272
Â±0.1180.1

80Â±0.0970.537
Â±0.2670.223
Â±0.0890.725
Â±0.269\.

520 Â±0.493d0.486
Â±0.142''

â€¢Mean Â±1 SD.
* ER, estrogen receptor.
' 5 jig of unlabeled 17/3-estradiol was coinjected with 5.0 ^Ci [125I]MIVE2.
'' Significant decrease with coinjection of 5 </pcold l-'.:(Student's r test: 1% significance level).

Table 2 distribution at 4 h in ovariectomized athymic nude mice with various human breast tumors

Tissue ratio
HS578T (n =

(ER-)
2) ZR75-B(N = 11)

(intermediate ER)
MCF-7roi (N =

(high ER)
7) MCF-7ros (N = 3)Â°

(high ER)

Uterus/blood
Uterus/muscle
Tumor/blood
Tumor/muscle
Muscle/blood

81.31
30.98

1.587
0.605
2.625

91.39
29.71

4.715
1.533
3.232

59.00
26.50
17.30
7.750
2.230

10.93
8.440
3.500
2.700
1.290

â€¢5 Mgof unlabeled 17/3-estradiol was coinjected with 5.0 pCi [125I]MIVE2.

Table 3 Distribution oflâ„¢l]MiVE* in ovariectomized athymic nude mice with
human breast tumors, MCF-7rasÂ°

Time (h)

TissueBloodAdrenalsKidneysLiverIntestinesThyroidMuscleLungsSpleenFatUteriTumor0.25(^=2)0.425
Â±0.016*7.917

Â±0.7213.
129Â±0.3935.215

Â±0.6109.353
Â±1.0623.303
Â±0.4601.414

Â±0.0932.148
Â±0.3751.294
Â±0.3552.868

Â±1.7615.031
Â±0.0001.104

Â±0.3622(N=S)0.1

66Â±0.0342.81
3Â±0.7340.696

Â±0.1514.621
Â±1.3084.914
Â±2.7390.892
Â±0.2470.394
Â±0.0800.339
Â±0.0860.391

Â±0.0890.562
Â±0.20112.72Â±

1.8542.534
Â±0.4344(JV=5)0.151

Â±0.0572.037
Â±1.1020.725
Â±0.2885.420
Â±1.2946.616

Â±5.7660.909
Â±0.4780.407
Â±0.1080.568
Â±0.5070.392
Â±0.1060.488
Â±0.1899.

138Â±2.6692.560
+ 0.9518(/V=5)0.059

Â±0.0240.588
Â±0.2030.343
Â±0.1153.357
Â±0.9390.540
Â±0.2780.282
Â±0.0730.193
+0.0790.188

Â±0.1000.218
Â±0.0740.216
Â±0.03413.52

Â±5.0671.247
Â±0.484

Â°Mice were injected i.v. with approximately 5.0 j/Ci ['"I]MIVE2.
* % Injected dose/g tissue; mean Â±SD.

reached a peak at approximately 2 h and was retained over the
8-h period, with some loss of radioactivity in the tumors at the
linai time point. Also, uteri displayed the highest uptake of all
tissues, and uterus-to-blood ratios increased from 12 at 15 min
to 225 at 8 h. At 15 min, the uterus-to muscle ratio was 3.5
and 67 at 8 h. These data imply a receptor-mediated retention
of activity in estrogen target tissues while there is a rapid and
continual loss of nonspecific-ally bound radioligand as seen with

muscle and blood samples. The high uptake observed with uteri
is largely attributed to the fact that the ovariectomized mice
were virtually devoid of competing estrogens. Radio im munoas-
say indicated that serum concentrations of estradici were less
than 37.0 pg/ml in ovariectomized female nude mice.

In contrast, estrogen nontarget tissues such as muscle, lungs,
spleen, and fat demonstrated a progressive efflux of radioactiv
ity during the time course. The distribution pattern for these
tissues were similar; highest levels of radioactivity occurred at
the initial time point. A marked decrease in radioactivity was
seen at 2 h. At 8 h, an additional 50% of the activity was lost.

The data in Fig. 2 illustrate the accumulation of radioactivity
in blood, muscle, tumor, and uterus at the indicated times after
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Fig. 2. Tissue biodistribution (% injected dose/g tissue) of iodine-125 after
i.v. injection of [125I]MIVE2in ovariectomized athymic nude mice with MCF-7

ras human breast tumors. Radioactivity was assayed in blood I / ). muscle (2),
mammary tumors (3), and uteri (4) at indicated times after injection.

[I25I]MIVE2 injection. The uptake in uterus and tumor was at

maximum levels at approximately 2 h and remained elevated
for the 8-h time course. However, blood and muscle levels of
radioactivity decreased rapidly. Tumor-to-blood ratios in
creased markedly during the first 2 h after injection (Fig. 3). At
15 min, the ratio was low; whereas, between 2 and 8 h after
injection, the values were 15 and 21, respectively. Based on
these data, it appears that the compound is rapidly and effi
ciently cleared from the blood. At 8 h, only 0.059 Â±0.024%
dose/g remained in the blood (Table 3). Tumor-to-muscle ratios
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:5I]MIVE2 AND MCF-7roÃ TUMORS

(Fig. 3) displayed a different pattern during the 8-h time course.
Initially, tumor-to-muscle ratios were approximately 1 because
steroidal compounds would be expected to accumulate by dif
fusion into target as well as nontarget cells for a short period;
however, in receptor-negative cells, the efflux would be rapid.

Tumor Histology. Histological sections of various human
breast tumors grown in athymic nude mice are depicted in Fig.
4. MCF-7 tumors displayed an intense diffuse and cord-like
infiltration of pleomorphic neoplastic/epithelial-like cells
within a dense connective tissue stroma. Numerous mitoses
were evident and nuclear-to-cytoplasmic ratios were greater
than one. Also, a glandular orientation (nonsecretory) of infil
trating cells was apparent in the MCF-7 tumors from nude
mice treated with estradiol pellets. The MCF-7ras and ZR75-

B tumors showed a similar histological organization to that of
the MCF-7 tumors (Fig. 4). However, in contrast, the ZR75-B
tumors were composed of neoplastic, epithelial-like cells grow
ing within a dense scirrhous connective tissue stroma. The
HS578T tumors displayed the least histological organization
(differentiation). Neoplastic cells showed no glandular orien
tation and scant connective stroma. In all cases, vascularity was
minimal to negligible in the different tumors examined. Thus,
in these models, uptake of radioligand is probably related to
some degree on the level of estrogen receptor in the tumor
rather than on any large differences in vascularity (i.e., devel
opment of neo- or hypervascularity).

DISCUSSION

[i:5I]17-Â«-Iodovinyl 11-ii-methoxyestradiol appears to have

in vivo binding characteristics which suggest that this compound
may be useful as an imaging agent for estrogen receptor-positive
human breast cancer. The development of such a compound
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Fig. 3. Tumor-lo-blood and tumor-to-muscle ratios in athymic nude mice with

hormone-independent MCF-7 ras tumors. Mice were injected with 5.0 jiCi of
('"IJMIVE2 and sacrificed between IS min and 8 h after injection.

'vm

Fig. 4. A, MCF-7 tumor section from an ovariectomized athymic nude mouse
supplemented with a 0.5 mg estradiol pellet. Note granular orientation of infil
trating neoplastic, epithelial-like cells. Numerous mitoses are evident and vascu
larity is negligible (H&E). B, MCF-7 ras tumors grown in ovariectomized nude
mice without supplemental estradiol pellets (minimal vascularity) (H&E). <".
ZR75-B tumor grown in ovariectomized nude mice without a supplemental
estradiol pellet. Infiltrating neoplastic cells are growing with a dense (scirrhous)
network of connective stroma (minimal vascularity) (H&E). D, HS578T tumor
from an ovariectomized athymic nude mouse (without estradiol pellet). Neoplas-
tic/epithelial-like cells show no evident glandular orientation and minimal vas
cularity (H&E).

would offer a nonsurgical approach for identifying breast cancer
responsive to endocrine therapy (7). [125I]MIVE2 can be pre

pared with high specific activity and structural components of
the compound theoretically decrease in vivo metabolism and
binding to human sex steroid binding globulin (10). The fact
that high affinity competible binding has been demonstrated in
human ovarian carcinomas and immature rat uteri substantiates
the potential of this radiotracer (3, 9).

From this study, we have shown that [I25I]MIVE2 selectively

binds to estrogen receptors in human breast tumors grown in
ovariectomized athymic nude mice. Low binding to nontarget
tissues indicated a relatively low nonspecific binding in vivo
(Table 1). Labeled compound accumulated in estrogen target
tissues (i.e., uteri), and receptor-positive breast tumors. Coin-
jection with saturating quantities of 17-0-estradiol confirmed
that uptake was primarily receptor mediated. Apparently, the
binding of [125I]MIVE2 in human breast tumors appears to be

related to the concentration of estrogen receptors and this
finding points to the possibility of quantitating receptors in
patients without surgery. The receptor-negative tumor,
HS578T, showed levels of uptake which were equivalent to
those observed in muscle. The MCF-7ras tumors indicated the
highest levels of radioactivity which paralleled the high receptor
content of the cell line. Other studies have considered the role
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15I]MIVE2 AND MCF-lras TUMORS

of vascularity or blood flow in relation to tumor uptake of
radiolabeled estrogen analogs in DMBA-induced mammary

tumors (16). In order to determine if any significant differences
in vascularity played a role in tumor uptake among the various
tumors, histological sections of breast tumors were examined.
Because the vascularity was minimal to negligible in all tumors,
it appeared that the increased [I25I]-labeled steroid uptake ob

served in MCF-lras tumors was not appreciably influenced by
any observable differences in vascularity.

Table 3 showed a distribution pattern which closely resem
bled previous studies using immature rats (3). However, in these
studies, the nude mouse uteri appeared to retain radioligand
for 8 h; whereas, uteri from immature rats showed a loss of
50% of [125I]-compound between 3.5 and 6 h after [125I]MIVE2
injection. Similar observations were noted with 17-a[125I]iodo-
vinylestradiol (1) and 16-a-[77Br]bromoestradiol (6). At 8 h
after [I25I]MIVE2 administration, uterus-to-blood ratios were
225 and uterus-to-muscle ratios were 67. The markedly elevated
ratios were affected by extremely low levels (less than 37 pg/
ml serum) of endogenous estradici.

Some preliminary distribution experiments were carried out
in nude mice with MCF-7 tumors which required estrogen
implants (data not shown). Pellets were removed between 2
days and 1 week prior to distribution studies with [125I]MIVE2.
At 4 h, uterus-to-blood ratios only averaged 21.0 and uterus-
to-muscle ratios were 12.8. In the ras model, we found higher
ratios, indicating the possibility that low levels of serum estro
gen were present and competing with [125I]MIVE2for the estro
gen receptor (ras model: uterus-to-blood, 60-91; uterus-to-
muscle, 22-31). Tumor-to-blood and tumor-to-muscle ratios at
8 h were 21.0 and 6.5, respectively, for the ras tumors (Fig. 3).
Another 7-emitting radiotracer, 16-a[77Br]bromoestradiol-17-

ÃŸ,successfully imaged DMBA-induced mammary tumors with
tumor-to-blood ratios of only 6.3 (4). Conceivably, with the
ratios demonstrated in the present study in addition to the
stable receptor-associated retention, receptor-positive breast tu
mors could be imaged with [125I]MIVE2. However, imaging

mÃ©tastasesin the area of the abdomen may prove to be difficult
because of the high uptake in the liver and GI tract.

In summary, a radioiodinated derivative of estradici had been
prepared and studied in the nude mouse model system. Hor
mone-independent human breast tumors displayed a selective
uptake of labeled compound that was apparently associated
with the degree of receptor concentration. Favorable tumor-to-
muscle ratios indicate that [I25I]MIVE2 may be a suitable im

aging agent in the detection of breast tumors and mÃ©tastases.

Also, the MCF-lras tumor has proven here to be an excellent
model in the study of estrogen receptor-binding radioligands.
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