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An 8-mer peptide (EMTOVNOG) derived from a-fetoprotein was
compared with tamoxifen for activity against growth of human
breast cancer xenografts implanted in immune-deficient mice. Both
peptide and tamoxifen prevented growth of estrogen-receptor-
positive MCF-7 and T47D human breast cancer xenografts. A
subline of MCF-7, made resistant to tamoxifen by a 6-month
exposure to this drug in culture, was found to be resistant to
tamoxifen in vivo. Peptide completely prevented the xenograft
growth of this tamoxifen-resistant subline of MCF-7. Neither pep-
tide nor tamoxifen was effective in slowing the xenograft growth
of the estrogen-receptor-negative MDA-MB-231 human breast
cancer. A worrisome side effect of tamoxifen is its hypertrophic
effect on the uterus. In this study, tamoxifen was shown to
stimulate the growth of the immature mouse uterus in vivo, and
the peptide significantly inhibited tamoxifen’s uterotrophic effect.
The mechanism of action of peptide is different from that of
tamoxifen in that the peptide does not interfere with the binding
of [3H]estradiol to the estrogen receptor. In conclusion, a-fetopro-
tein-derived peptide appears to be a novel agent that interferes
with the growth of tamoxifen-sensitive as well as tamoxifen-
resistant estrogen-receptor-positive human breast cancers; it in-
hibits the uterotrophic side effect of tamoxifen and, thus, it may be
useful in combination with or in place of tamoxifen for treatment
of estrogen-receptor-positive human breast cancers.

S everal population studies as well as laboratory studies have
indicated that a-fetoprotein (AFP) interferes with estrogen-
dependent responses, including the growth-promoting effects of
estrogen on breast cancer (1). For example, Couinaud et al. (2)
have reported that women with AFP-secreting hepatomas de-
velop amenorrhea, which self-corrects after removal of the
hepatoma, and Mizejewski et al. (3) have shown that AFP
inhibits the responsiveness of the uterus to estrogen. Jacobson et
al. (4) and Richardson et al. (5) have shown that elevated levels
of AFP during pregnancy are associated with a subsequent
reduction in lifetime risk for breast cancer, and Jacobson has
hypothesized that this should be caused by a diminution in
estrogen-dependent breast cancers (6). Sonnenschein et al. (7)
have shown in rats that an AFP-secreting hepatoma prevents the
growth of an estrogen-dependent breast cancer in the same rat.
Finally, we have shown that AFP purified from a human
hepatoma culture and then injected into tumor-bearing,
immune-deficient mice stopped the growth of estrogen-
receptor-positive (ER+), but not estrogen-receptor-negative
(ER—), human breast cancer xenografts in these mice and did so
by a mechanism different from that of tamoxifen (1).

More recently, we have identified the active site of AFP
responsible for its antiestrotrophic activity (8). It consists of
amino acids 472-479 (EMTPVNPG), an 8-mer sequence in the
580-aa AFP molecule. We have synthesized this 8-mer peptide,
modified it by substituting hydroxyproline (O) for proline (P) for
the purpose of stabilization, and have shown that this new analog
(EMTOVNOQ ) is stable during long-term storage and, like
AFP, has the ability to inhibit estrogen-stimulated growth of
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breast cancer cells in culture and estrogen-stimulated growth of
the uterus in immature mice (8, 9). Having the stable analog in
hand, a purpose of the study described herein was to determine
whether this peptide has anti-breast cancer activity in vivo like its
parent protein, AFP. A second purpose of the study was to
compare the activities of this peptide with those of tamoxifen.
Currently, tamoxifen is the most widely used agent for the
treatment of estrogen-responsive breast cancers and has pro-
vided significant benefits to women with this disease (10, 11).
However, a vexatious problem connected with its clinical use is
that not all ER+ breast cancers are sensitive to this drug. About
one-third to one-sixth (depending on the lab cutoff for ER
positivity) of the ER+, newly diagnosed breast cancers do not
respond to tamoxifen (Elwood Jensen, personal communication;
ref. 12). Moreover, it is not uncommon that women whose
disease is being managed successfully by tamoxifen therapy in
time will experience recurrence during treatment apparently
because their tumor has acquired resistance to the drug. Because
these two groups constitute a substantial number of women
whose disease fails to respond to tamoxifen therapy, we consid-
ered it important to determine whether AFP-derived peptide
would be active against ER+ breast cancer that had become
resistant to tamoxifen. We therefore undertook a study of human
breast cancers sensitive and resistant to tamoxifen that were
grown as xenografts in immune-deficient mice and tested for
sensitivity to AFP-derived peptide (EMTOVNOG), hereafter
referred to as AFPep.

Materials and Methods

Cell Lines. T47D and MDA-MB-231 human breast cancer cell
lines were purchased from the American Type Culture Collec-
tion (Manassas, VA). Growth medium for T47D cells consisted
of RPMI 1640 (Life Technologies, Gaithersburg, MD) supple-
mented with 10% (vol/vol) FBS (Life Technologies) and 8
pg/ml bovine insulin (Sigma). Growth medium for MDA-MB-
231 consisted of DMEM (Life Technologies) supplemented with
L-glutamine (2 mM), nonessential amino acids (1%; Life Tech-
nologies), and bovine insulin (1 wg/ml). The MCF-7 cell line was
obtained from Alberto C. Baldi (Institute of Experimental
Biology and Medicine, Buenos Aires), and was maintained as
described by Gierthy et al. (13). This strain of MCF-7 demon-
strated 17B-estradiol (E») sensitivity in regard to induction of
tissue plasminogen activator, cell proliferation, and in vivo tumor
growth and was sensitive to the suppression of these effects by
tamoxifen (13-15). Continuous exposure of these cells to 1 uM
tamoxifen citrate during routine culture conditions (1:10 sub-

Abbreviations: AFP, a-fetoprotein; ER, estrogen receptor; E», 17B-estradiol; AFPep, AFP-
derived peptide.
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culture ratio once a week) resulted after 6 months in a strain that
was resistant to the suppressive effects of tamoxifen in vitro.

Peptide Synthesis and Purification. AFPep (EMTOVNOG) was
generated by using solid-phase peptide synthesis, as described
(8, 9). Amino acids with their amino group protected by the 9-
fluorenylmethoxycarbonyl (Fmoc) group were Fmoc-Asn(Trt),
Fmoc-Glu(OtBu), Fmoc-Met, Fmoc-Pro, Fmoc-hydroxyproli-
ne(tBu), Fmoc-Thr(tBu), Fmoc-Gly, and Fmoc-Val. The
carboxyl groups on incoming amino acids were activated by [O-
(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexaflu-
orophosphate], obtained from PerSeptive Biosystems (Framing-
ham, MA). After synthesis, the resin was washed with propanol
and partially dried, and peptides were cleaved from the solid
support and deprotected simultaneously with 10 ml of trifluoro-
acetic acid/thioanisole/anisole/ethanedithiol (90:5:2:3) per
0.5 g of resin for 5 h. Peptide was recovered from the liquid phase
after repeated extraction, first with ether and then with ethyl
acetate/ether (1.5:1). The peptide was dissolved in water, puri-
fied by reverse-phase HPLC, and then lyophilized. Peptide
quality was ascertained by amino acid analysis and mass
spectroscopy.

Human Breast Cancer Xenograft Assay. A bioassay for anti-breast
cancer activity was performed according to Bennett et al. (1, 16,
17). Confluent human breast cancer cells of several different cell
lines were trypsinized into suspension and pelleted by centrifu-
gation at 200 X g. The pellet of each cell line then was solidified
into a fibrin clot by exposing it to 10 ul of fibrinogen (50 mg/ml)
and 10 ul of thrombin (50 units/ml). The solid mass of tumor
cells then was cut into segments 1.5 mm in diameter. A tumor
segment was implanted under the kidney capsule of an immu-
nodeficient Institute for Cancer Research (ICR)-severe com-
bined immunodeficient male mouse (Taconic Farms) that
weighed about 25 g. Estrogen supplementation was accom-
plished by s.c. implantation of a silastic tubing capsule containing
solid E, inserted on the day of tumor implantation. Peptide was
injected i.p. every 12 h at a dose of 1 ug per mouse. Tumor
growth was monitored during survival laparotomy at 15-day
intervals by measurement of the diameters of the short (d) and
long axes (D) of each tumor by using a dissecting microscope
equipped with an ocular micrometer. Tumor volumes were
calculated by using the formula (IT/6)(d) (2)D, assuming the
tumor shape to be an ellipsoid of revolution around its long axis
(D). There were five to seven replicate mice included in each
treatment group. Mean tumor volume * SE in each group was
calculated for display of growth curves. Significance of differ-
ences between groups was tested by using the one-sided Wil-
coxon Sum of Ranks Test.

Immature Mouse Uterine Growth Assay. A bioassay for antiestro-
trophic activity was performed by using an immature mouse
uterine growth assay based on previous studies, which demon-
strated that i.p. administration of 0.5 ug E; to these mice doubled
their uterine weights with a corresponding increase in mitotic
figures by 24 h after E; (3, 18). Swiss/Webster female mice, 68
g in body weight (13-15 days old), were obtained from Taconic
Farms. Mice were weighed and distributed into treatment groups
(typically five mice per group) such that each group contained
the same range of body weights. In a typical experiment, each
group received two sequential i.p. injections spaced 1 h apart.
Test material or vehicle control for that material was contained
in the first injectant. E; or vehicle control for E, was contained
in the second injectant. Twenty-two hours after the second
injection, uteri were dissected, trimmed free of mesenteries, and
weighed immediately. The uterine weights were normalized to
mouse body weights (mg uterine weight per g of body weight) to
compensate for differences in body weight among litters of the
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same age. Experiments used a minimum of five mice per group,
and the mean normalized uterine weight = SE for each group
was calculated. Significance of differences between groups was
evaluated, employing the nonparametric Wilcoxon Sum of
Ranks test.

Assessment of Estrogen Receptor Antagonism. Commercially ob-
tained rabbit uteri (Pel-Freez Biologicals) were used as a source
of estrogen receptor (ER). Uteri were pulverized in a stainless
steel impact mortar under liquid nitrogen and homogenized
(20% wt/vol) in assay buffer (10 mM Tris, pH 7.4/1.5 mM
EDTA/10% glycerol/10 mM monothioglycerol/10 mM sodium
molybdate) on ice. Centrifugation (50,000 X g) for 1 h yielded a
supernatant containing cytosol, which was adjusted with assay
buffer to 2.5 mg protein/ml. All incubations were carried out in
triplicate, each containing 100 ul of cytosol, 20 ul of 10 mM
6,7-[*H]estradiol [50 Ci/mmol (1 Ci = 37 GBq); NEN], and 80 ul
of putative antagonist in assay buffer. Total count tubes received
20 pl of [*H]estradiol and 180 wl of assay buffer. After incubation
overnight at 4°C, all but the total count tubes received 300 ul of
dextran-coated charcoal suspension; tubes were agitated for 15
min and then centrifuged (1,000 X g) for 15 min. Supernatants
were decanted into counting vials, scintillant was added, and
protein-bound tritium was determined by liquid scintillation
counting.

Results

It was determined in a screening assay of the inhibition of
E,-stimulated growth of immature mouse uterus by AFPep that
an effective antiestrotrophic dose of AFPep was 0.1-1.0 ug per
mouse. Also, preliminary pharmacokinetic studies suggested
that the biological half-life of this peptide in these mice was 2-3
h. Therefore, for the breast cancer xenograft studies, it was
deemed reasonable to administer this peptide twice a day at a
dose of 1.0 ug per i.p. injection into tumor-bearing severe
combined immunodeficient mice. The ER+ MCF-7 human
breast cancer was used as a first step in evaluating the effec-
tiveness of AFPep against human breast cancer. As shown in Fig.
14, MCF-7 xenografts were completely dependent on estrogen
for growth in severe combined immunodeficient mice. They
underwent an approximate 3-fold increase in tumor volume in
the presence of a slow-release E, implant during the 30-day
observation. Without E, supplementation, there was no tumor
growth. When Ej-supplemented mice were given twice-daily
injections of 1 ug of AFPep, tumor growth was prevented over
the 30-day observation period. Similarly, when E,-supplemented
tumors were given once-daily injections of 50 ug of tamoxifen,
there was no increase in tumor volume. When a subline of
MCEF-7 that had been made resistant to tamoxifen in cell culture
was used, a rather provocative outcome was obtained; that is,
AFPep completely prevented the in vivo xenograft growth of this
tumor, whereas tamoxifen was only marginally effective in
slowing the growth of this tumor (Fig. 1B). In fact, at day 30 after
tumor implantation, the tumor volume in the E; plus tamoxifen
group was not significantly different from that found in the
group receiving E; only (Fig. 1B). In contrast, AFPep completely
stopped the growth of this tamoxifen-resistant MCF-7 subline,
and at day 30 after tumor implantation, tumor volumes in the E,
plus peptide group were dramatically different from those found
in the group receiving E, only. The peptide was also tested on
ER+ T47D human breast cancer. Like the MCF-7, T47D
xenografts were completely dependent on E, supplementation
for growth (Fig. 2) and more than doubled in tumor volume over
the 30-day observation period. Daily treatment with AFPep
during this time interval also completely prevented the growth
of this tumor (Fig. 2). An ER— human breast cancer, MDA-
MB-231, then was tested for sensitivity to peptide. This tumor
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Fig. 1. Effect of AFP-derived peptide on growth of ER-positive MCF-7 and
MCF-7/Tam human breast cancer xenografts. Tumors were implanted as
described in Materials and Methods. Estrogen (solid symbols) was provided
by means of a slow-release pellet of E; implanted s.c. A, Peptide (Pep) was
given twice a day i.p. at a dose of 1 ug per injection. m, Tamoxifen (Tam)
was given once a day s.c. at a dose of 50 ug per mouse. Tumor volumes in
each mouse were measured at the time of tumor implantation, again atday
15 after tumor implantation during survival laparotomy, and again at day
30 after tumor implantation during necropsy. There was a minimum of five
mice per group. (A) MCF-7 tumors. At day 30 after tumor implantation,
tumor volumes in the E; + Pep group and in the E; + Tam group were
significantly different from tumor volumes in the E; alone group, P < 0.05.
(B) MCF-7 subline made resistant to tamoxifen in culture. At day 30 after
tumor implantation, tumor volumes in the E; + Pep group but not in the
E, + Tam group were significantly different from tumor volumes in the E;
alone group, P < 0.05.

grew independent of estrogen supplementation and demon-
strated a rather aggressive growth rate during the second 2 weeks
of the observation period (Fig. 3). Daily treatment with AFPep
had no effect on the growth of this tumor at any time during the
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Fig. 2. Effect of AFP-derived peptide on growth of estrogen-receptor-
positive T47D human breast cancer xenografts. See legend to Fig. 1 for
experimental protocol. At day 30 after tumor implantation, tumor volumes in
the E; + Pep group were significantly different from tumor volumes in the E;
alone group, P < 0.05.

30-day observation period (Fig. 3). Similarly, tamoxifen did not
affect the growth of this ER— tumor.

Although the spectrum of tumors that have been tested for
sensitivity to AFPep is somewhat limited thus far, it appears that
this peptide interferes with E-dependent, but not E-indepen-
dent, breast cancer growth. As a first step in evaluating the
mechanism of action of this peptide, it was compared with
4-hydroxytamoxifen and raloxifene as a competitor of E, for
binding to ER. As shown in Fig. 4, both 4-hydroxytamoxifen and
raloxifene exhibit their well documented interference with E;
binding to ER. In contrast, AFPep produced no interference
with E, binding to ER over a peptide concentration range of
1071 M to 107> M. Thus, the mechanism by which AFPep
interferes with response to estrogen is clearly different from that
of tamoxifen and other agents that directly compete with E, for
binding to ER.

A troublesome side effect of tamoxifen in women has been its
hypertrophic effect on the uterus (19). It is likewise an estrogen
agonist in the murine uterus. As shown in Fig. 54, tamoxifen
stimulated the growth of immature mouse uterus by 50% at a
dose of 1 pg/mouse. Tamoxifen’s potency was approximately
one-tenth that of E,, but nevertheless, Fig. 54 reaffirms that
tamoxifen acts as an estrogen agonist on the murine uterus, even
though it antagonizes the effect of estrogen on cancer of the
breast. AFPep, on the other hand, had no uterotrophic effect
whatsoever (Fig. 54), even at a dose of 10 ug/mouse, which is
10-fold greater than the dose used to prevent breast cancer
growth (Figs. 1 and 2). Moreover, peptide inhibited the utero-
trophic effect of tamoxifen as well as that of estradiol (Fig. 5B).

Discussion

The results of this study demonstrate that a synthetic 8-mer
peptide derived from AFP prevented the E,-stimulated growth
of human breast cancer xenografts, including an ER+ breast
cancer line that had become resistant to tamoxifen. Although
tamoxifen has been the mainstay of medical treatment for ER+
breast cancers and has provided significant clinical benefit (10,
11, 20), additional drugs are needed for the treatment of ER+
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Fig. 3. Effect of AFP-derived peptide on growth of estrogen-receptor-
negative MDA-MB-231 human breast cancer xenografts. See legend to Fig. 1
for experimental protocol. There were no differences in tumor volumes
between any of the groups.

breast cancer, especially when these cancers are found to be
refractory to tamoxifen. AFPep has the potential to fill this
niche. There are other drugs further along in development that
also could fill this niche. Letrozole, which blocks estrogen
synthesis by inhibiting aromatase, and goserelin, which stifles
ovarian release of estrogen by inhibiting gonadotropin release,
are both being tested for this purpose (21, 22). AFPep, on the
other hand, seems to represent a new class of agents able to
inhibit the growth of ER + breast cancer. How AFPep effects this
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Fig.4. Effect of AFP-derived peptide on binding of E; to its receptor. Rabbit

uterine cytosol was used as a source of estrogen receptor. All incubations were
performed in triplicate, each containing 100 ul of cytosol, 20 ul of 10 nM
6,7-[3H]estradiol (50 Ci/mmol), and 80 ul of test agent at the final concentra-
tionsindicated on the abscissa. Concentration of [3H]E;-complex with receptor
in the presence of different concentrations of test agent is expressed as a
percentage of the amount of complex formed in the absence of test agent.
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Fig. 5. (A) Effect of E,, AFP-derived peptide (Pep) and tamoxifen (Tam) on
the growth of the immature mouse uterus. The assay procedure is described
in Materials and Methods. Various doses indicated on the abscissa of each test
agent were injected i.p. Twenty-two hours later, uteri were harvested and
weighed. Mean normalized uterine weights (mg uterine weight/g mouse
body weight) for each group are shown on the ordinate. (B) Pep (1 ng) or
vehicle (saline, 0.2 ml) were injected i.p. One hour later, E; (0.5 ng) or Tam (1.0
ng) was injected i.p. Twenty-two hours later, uteri were harvested and
weighed. Normalized uterine weights in the E; + Pep and Tam + Pep groups
were significantly different, respectively, from normalized uterine weights in
the E; group and Tam group, P < 0.05.

inhibition is not clear at this time. It is clear from the data shown
in Fig. 4, however, that its mechanism is different from that of
tamoxifen in that it does not compete with E; for binding to ER.
Furthermore, in earlier studies we have shown that AFP admin-
istered to rodents did not reduce serum E, levels (1), and, in
preliminary studies, AFPep also did not reduce serum E, levels,
making its mechanism different from that of both letrozole and
goserelin. In preliminary studies, we have found that this peptide
reduces the level of MAPK kinase. This would restrict the
phosphorylation of ER, which is MAPK kinase-dependent (23),
and phosphorylation of ER is needed to fully operationalize this

Bennett et al.



receptor. We are continuing to investigate this signal transduc-
tion pathway for additional information that would elucidate
further the mechanism by which this peptide acts. There is no
agent currently in use for the treatment of breast cancer that
utilizes this signal transduction pathway for interfering with
estrogen response, so this peptide truly represents a novel breast
cancer therapeutic both in structure and in the biological mech-
anism through which it operates.

There is still a great deal of developmental work that remains
with regard to this peptide. Optimization of its structure, as well
as its dose, route, and schedule, and understanding its mecha-
nism all remain to be worked out; its toxicology also needs to be
explored. With regard to toxicology, we have observed no
adverse effects of this peptide in the mice used for either the
xenograft assays or the uterine growth assays. The cancer
xenograft assays are important from a toxicological perspective
because AFPep was given twice a day for 30 days in these assays,
during which we observed no change in mouse body weight, cage
activity, fur texture, or body temperature. Furthermore, on
necropsy, there was no change in size or appearance of major
organs relative to mice in the control group. Similarly, the
uterine growth studies were important from a toxicological
perspective because treatment with AFPep, unlike tamoxifen,
did not stimulate murine uterine growth and interfered with the
uterine growth stimulated by tamoxifen. This is significant
because tamoxifen treatment of breast cancer patients induces
uterine hypertrophy in ~30% of the women who receive this
drug (19). Moreover, it has been reported that uterine cancer
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develops in ~0.2% of the women who are treated with tamoxifen
(24). Although there are newer drugs in preclinical development
that compete at the ER and have minimal agonist activity on the
uterus (25), that AFPep acts at a different site than these drugs
to mediate its antiestrotrophic activity and actually interferes
with the uterotrophic effect of tamoxifen suggests that it may
have use not only alone, but also in combination with ER
competitors, even if these agents have partial agonist activity on
the uterus. For example, the tamoxifen-stimulated uterine
growth curve shown in Fig. 54 indicates that a slight lowering of
tamoxifen dose substantially blunts uterine stimulation. Al-
though we do not know the tamoxifen dose-response curve for
uterine hypertrophy in women, this murine data suggest that
AFPep in combination with lower doses of tamoxifen might
well maintain full anti-breast cancer activity while reducing
tamoxifen-induced uterine hypertrophy.

In summary, AFP is known to inhibit estrogen-dependent
responses. We have isolated the active site in AFP responsible for
this activity and have synthesized it as a biologically active
peptide. This 8-mer peptide prevented E,-dependent human
breast cancer xenograft growth, including breast cancers that
had become resistant to tamoxifen. Its mechanism is different
from that of tamoxifen and appears to be well tolerated in mice.
Thus, this 8-mer peptide or peptidomimetics derived therefrom
warrant further development as novel agents for the treatment
of human breast cancer.
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