
Answer 3:

In this study, the authors report a plasma proteomic anal. of a mouse MCF7 xenograft, using a novel platform named M-LAC 
(multilectin affinity chromatog.), to identify putative serum biomarkers of tumor presence and response to therapy.  The use of the 
M-LAC platform enabled the authors to focus on secreted proteins as well as remove interference from serum albumin and other 
nonglycosylated proteins.  The study focused on the MCF7 human xenograft tumor model which enabled the authors to distinguish 
tumor proteins (human peptide sequences) from host-derived murine proteins, potentially discriminating tumor- vs. supporting 
tissue-derived markers.  A large set of murine proteins was identified in this study, including several signaling mols. such as EGFR, 
interleukin-6 receptor, protein-kinase C, and phosphatidylinositol kinase which changed in plasma levels relative to tumor-free animals.  
The authors also detected in the samples with maximal tumor growth a no. of human tumor-derived proteins linked to cell signaling, 
immune response, and transcriptional regulation.  This is the first report where tumor-derived peptides could be detected in the serum 
of a xenograft model.  The authors conclude that the M-LAC approach may be used to detect plasma proteins of potential biol. 
significance in tumor-bearing animals and warrants further study in terms of increasing the sensitivity of the method for the 
characterization of low level tumor markers and to explore the applicability of these markers for human studies.
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Answer 2:

In this study, we establish an MCF-7 xenograft model that mimics the progression of human breast carcinomas typified by loss of p53 
integrity, development of centrosome amplification, acquired estrogen receptor (ERα) heterogeneity, overexpression of Mdm2 and 
metastatic spread from the primary tumor to distant organs.  MCF-7 cells with abrogated p53 function (vMCF-7Dnp53) maintained 
nuclear ERα expression and normal centrosome characteristics in vitro.  However, following mitogen stimulation, they developed 
centrosome amplification and a higher frequency of aberrant mitotic spindles.  Centrosome amplification was dependent on cdk2/cyclin 
activity since treatment with the small mol. inhibitor SU9516 suppressed centriole reduplication.  In contrast to the parental MCF-7 
cells, when introduced into nude mice as xenografts, tumors derived from the vMCF-7DNp53 cell line developed a strikingly altered 
phenotype characterized by increased tumor growth, higher tumor histopathol. grade, centrosome amplification, loss of nuclear ERα 
expression, increased expression of Mdm-2 oncoprotein and resistance to the antiestrogen tamoxifen.  Importantly, while MCF-7 
xenografts did not develop distant metastases, primary tumors derived from vMCF-7DNp53 cells gave rise to lung metastases.  
Taken together, these observations indicate that abrogation of p53 function and consequent deregulation of the G1/S cell cycle 
transition leads to centrosome amplification responsible for breast cancer progression.  Oncogene (2008) 27, 3901-3911; 
doi:10.1038/onc.2008.18; published online 11 Feb. 2008.
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Answer 5:

Tamoxifen (Tam) is effective for the treatment and prevention of breast cancer.  However, it has toxic drawbacks and has 
limited-duration utility because, over time, human tumors become refractory to Tam.  Recently, a new nontoxic peptide, 
α-fetoprotein-derived peptide (AFPep) has been proposed for the treatment and prevention of breast cancer.  The purpose of this paper 
is to det. whether combining AFPep with Tam would increase efficacy and reduce toxicity in exptl. models of breast cancer.  Low 
doses of AFPep and Tam were more effective in combination than either agent alone against breast cancer growth in cell culture, in 
tumor-xenografted mice, and in carcinogen-exposed rats.  α-Fetoprotein-derived peptide interfered with Tam-induced uterine 
hyperplasia in immature mice, and showed no toxic effects.  Unlike Tam, AFPep did not inhibit binding of estradiol (E2) to estrogen 
receptor (ER).  Thus, these two agents utilize different mechanisms to interfere with ER functionality, yet work cooperatively to reduce 
breast cancer growth and alleviate Tam's troubling toxicity of uterine hyperplasia and appear to be a rational combination for the 
treatment of ER-pos. breast cancer.
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Answer 4:

Lonafarnib is an orally bioavailable farnesyltransferase inhibitor.  Originally developed to block the membrane localization of Ras, 
subsequent work suggested that farnesyltransferase inhibitors mediate their antitumor activities by altering the biol. activities of addnl. 
farnesylated proteins.  Breast tumor models that express wild-type Ras have been shown to be sensitive to farnesyltransferase 
inhibitors.  We have detd. the effects of combining lonafarnib with the antiestrogen 4-hydroxy tamoxifen on hormone-dependent breast 
cancer cell lines in vitro.  The effects of combining lonafarnib with tamoxifen or the aromatase inhibitor anastrozole on the growth of 
two different MCF-7 breast tumor xenograft models were also evaluated.  In four of five human breast cancer cell lines, lonafarnib 
enhanced the antiproliferative effects of 4-hydroxy tamoxifen.  The combination prevented MCF-7 cells from transitioning through the 
G1 to S phase of the cell cycle and augmented apoptosis.  This was assocd. with reduced expression of E2F-1 and a redn. in 
hyperphosphorylated retinoblastoma protein.  Lonafarnib plus 4-hydroxy tamoxifen also inhibited the mammalian target of rapamycin 
signal transduction pathway.  In nude mice bearing parental MCF-7 or aromatase-transfected MCF-7Ca breast tumor xenografts, 
lonafarnib enhanced the antitumor activity of both tamoxifen and anastrozole.  These studies indicate that lonafarnib enhances the 
efficacy of endocrine agents clin. used for treating hormone-dependent breast cancer.
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Tamoxifen resistance is common for estrogen receptor α (ERα) pos. breast cancer.  Second-line therapies include aromatase inhibitors 
or fulvestrant.  We have shown previously that fulvestrant reversed 17β-estradiol-induced tumor regression of tamoxifen-stimulated 
MCF-7 xenografts (MCF-7TAMLT) treated for >5 years with tamoxifen in athymic mice and paradoxically stimulated growth.  We 
investigated mechanisms responsible for growth by fulvestrant in the presence of physiol. estradiol and therapeutic strategies in vivo.  
The results demonstrated that only estradiol increased expression of the estrogen-responsive genes, c-myc, igf-1, cathepsin D, and 
pS2 mRNAs, in MCF-7E2 and MCF-7TAMLT tumors.  Tamoxifen or fulvestrant decreased the estradiol-induced increase of these 
mRNAs in both tumor models.  However, tyrosine-phosphorylated HER2/ neu, HER3, phospho-extracellular-regulated kinase-1/2 
(ERK-1/2), and phospho-glycogen synthetase kinase 3α (GSK3α) and β proteins were increased in MCF-7TAMLT tumors treated with 
fulvestrant compared to estradiol, control, or tamoxifen.  Phospho-HER2/neu interacted with HER3 protein in MCF-7TAMLT tumors.  In 
order to det. whether the functional interaction of HER2/neu with HER3 is crit. for growth of fulvestrant-stimulated MCF-7TAMLT 
tumors, pertuzumab (an antibody that blocks HER2/neu-HER3 interaction) was used in an in vivo xenograft growth assay.  Only 
growth of fulvestrant-treated MCF-7TAMLT xenografts was decreased significantly by 37.2% in response to pertuzumab (P = 0.004).  
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Answer 6:

 Combined treatment with gefitinib, trastuzumab, and pertuzumab to block signals from all HER homo- and heterodimers 
inhibited growth of HER2-overexpressing xenografts statistically significantly better than single agents and dual 
combinations.

Human epidermal growth factor receptor 2 (HER2) is a member of the HER signaling pathway.  HER inhibitors partially block HER 
signaling and tumor growth in preclin. breast cancer models.  We investigated whether blockade of all HER homo- and heterodimer 
pairs by combined treatment with several inhibitors could more effectively inhibit tumor growth in such models.  Mice carrying 
xenograft tumors of HER2-overexpressing MCF7/HER2-18 (HER2-transfected) or BT474 (HER2-amplified) cells were treated with 
estrogen supplementation or estrogen withdrawal, alone or combined with tamoxifen.  One to three HER inhibitors (pertuzumab, 
trastuzumab, or gefitinib) could also be added (n ≥ 8 mice per group).  Tumor vols., HER signaling, and tumor cell proliferation and 
apoptosis were assessed.  Results were analyzed with the t test or Wilcoxon rank sum test and survival anal. methods.  All statistical 
tests were two-sided.  Median time to tumor progression was 21 days for mice receiving estrogen and 28 days for mice receiving 
estrogen and pertuzumab (difference = 7 days; P = .001; hazard ratio [HR] of progression in mice receiving estrogen and pertuzumab 
vs. mice receiving estrogen = 0.27, 95% confidence interval [CI] = 0.09 to 0.77).  Addn. of gefitinib and trastuzumab to estrogen and 
pertuzumab increased this time to 49 days (difference = 21 days; P = .004; HR of progression = 0.28, 95% CI = 0.10 to 0.76).  
MCF7/HER2-18 tumors disappeared completely and did not progress (for ≥189 days) after combination treatment with pertuzumab, 
trastuzumab, and gefitinib plus tamoxifen (19 of 20 mice) or plus estrogen withdrawal (14 of 15 mice).  Both combination treatments 
induced apoptosis and blocked HER signaling and proliferation in tumor cells better than any single agent or dual combination.  All 
BT474 tumors treated with pertuzumab, trastuzumab, and gefitinib disappeared rapidly, regardless of endocrine therapy, and no tumor 
progression was obsd. for 232 days.
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Paris polyphylla is a traditional Chinese Medical herb that has been used in treating cancer for thousands of year.  Without studies on 
the anticancer effects of Paris polyphylla being initiated before, we have first studied the component of Paris polyphylla and have 
spotted out a steroidal saponin, polyphyllin D.  As long as the chem. structure and the improved synthesis of polyphyllin D were 
ascertained, both in vitro to in vivo studies were performed.  It was found that treatment of MCF-7 and MDA-MB-231 cells with 
polyphyllin D resulted in the inhibition of viability and induction of apoptosis in a dose-dependent manner, with an IC50 of 5 μM and 2.5 
μM, resp., after 48 h of incubations.  Apoptosis of MCF-7 and MDA-MB-231 cells by polyphyllin D was evidenced by the occurrence of 
DNA fragmentation, formation of a hypodiploid peak in the cell cycle anal., phosphatidyl-serine externalization and a late loss of 
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Answer 8:

Epidemiol. data have suggested that green tea may prevent breast cancer.  Studies in our lab. have provided evidence that green tea 
ext. inhibits breast cancer growth by a direct anti-proliferative effect on the tumor cells, as well as by indirect suppressive effects on 
the tumor-assocd. endothelial cells.  In this study, we asked whether concurrent administration of green tea may add to the anti-tumor 
effects of std. breast cancer therapy.  We obsd. that green tea increased the inhibitory effect of tamoxifen on the proliferation of the 
ER (estrogen receptor)-pos. MCF-7, ZR75, T47D human breast cancer cells in vitro.  This combination regimen was also more potent 
than either agent alone at increasing cell apoptosis.  In animal expts., mice treated with both green tea and tamoxifen had the smallest 
MCF-7 xenograft tumor size, and the highest levels of apoptosis in tumor tissue, as compared with either agent administered alone.  
Moreover, the suppression of angiogenesis in vivo correlated with larger areas of necrosis and lower tumor blood vessel d. in treated 
xenografts.  Green tea decreased levels of ER-α in tumors both in vitro and in vivo.  We also obsd. that green tea blocked 
ER-dependent transcription, as well as estradiol-induced phosphorylation and nuclear localization of mitogen-activated protein kinase.  
To our knowledge, this study is the 1st to show the interaction of green tea with the ER pathway, as well as provide mechanistic 
evidence that the combination of green tea and tamoxifen is more potent than either agent alone in suppressing breast cancer growth.  
These results may lead to future improvements in breast cancer treatment and prevention.

 
Abstract
 

The combination of green tea and tamoxifen is effective against breast cancer.     Sartippour, Maryam R.; Pietras, Richard; 
Marquez-Garban, Diana C.; Chen, Hsiao-Wang; Heber, David; Henning, Susanne M.; Sartippour, Guilan; Zhang, Liping; Lu, Ming; 
Weinberg, Olga; Rao, Jian Yu; Brooks, Mai N.    Department of Surgery,  University of California,  Los Angeles,  CA,  USA.    
Carcinogenesis  (2006),  27(12),  2424-2433.  Publisher: Oxford University Press,  CODEN: CRNGDP  ISSN: 0143-3334.  Journal  
written in English.    CAN 146:74844    AN 2006:1273078    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  

 
Bibliographic Information
 
Answer 7:

estradiol is in part mediated through enhanced signaling from the HER2/neu-HER3 pathway as pertuzumab partially 
inhibited growth and the interaction of HER2/neu with HER3 in vivo.

Pertuzumab specifically decreased the interaction of HER2/neu protein with HER3 in fulvestrant-stimulated MCF-7TAMLT tumors.  
These results suggested growth of MCF-7TAMLT tumors by tamoxifen or fulvestrant is potentially independent of ERα transcriptional 
activity as evidenced by lack of induction of four estrogen-responsive genes.  The results suggested that growth of MCF-7TAMLT 
tumors treated with fulvestrant in the presence of physiol.
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Answer 11:

A review.  A four-state cell-cycle model with explicit G1-phase representation, termed the quiescent-cell model (QCM), has been 
proposed to represent biol. the G1-phase specific effect of the chemotherapeutic tamoxifen.  The QCM was used to model untreated 
and tamoxifen treated tumor xenograft data from the literature with equiv. accuracy to previously developed tumor growth models.  
Open-loop anal. demonstrated that perturbations to the two newly introduced parameters, kG01 and kG10 significantly altered untreated 
tumor growth predictions.  However, the sensitivity did not carry over to closed-loop simulations, where alterations to kD and kGS 
proved most significant in detg. overall controller performance.  Addnl. mismatch studies comparing controllers designed using the 
QCM to controllers designed with the Gompertz model and satg.-rate, cell-cycle model returned similar performance for a stepwide 
tumor redn. case study, but the quiescent-cell controller delivered a more aggressive treatment regimen.  More importantly, the 
Gompertz and satg.-rate, cell-cycle controllers were unable to follow a ref. trajectory when measurement updates were made biweekly, 
with both controllers returning tamoxifen dose schedules alternating between the max. and min. allowable dose.
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PAK1, a Rac/CDC42-dependent Ser/Thr kinase, is required for both neurofibromatosis (NF) and RAS transformation in vivo.  FK228, a 
histone deacetylase (HDAC) inhibitor, activates a very specific set of genes such as the tumor suppressor WAF1, an inhibitor of 
cyclin-dependent kinases (CDKs), and suppresses the growth of these tumors.  In addn., this drug downregulates cyclin D1, which is 
upregulated by RAS through PAK1, in breast cancers.  In this study, we demonstrate that FK228 at 0.1-1 nM significantly reduces the 
kinase activity of PAK1 in these cells, without affecting the protein level of PAK1.  Interestingly, estrogen receptor (ER) and PAK1 
mutually activate each other in breast cancers.  Here we provide an evidence suggesting that breast cancers require PAK1 for their 
estrogen-dependent growth.  Moreover, the treatment with FK228 strongly inhibits the estrogen-dependent growth of human breast 
cancers (both tamoxifen-sensitive and resistant cell lines) in vivo, suggesting that FK228 and other anti-PAK1 drugs would be useful 
for the treatment of breast cancers which become resistant to currently used estrogen antagonists such as tamoxifen.
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membrane integrity.  Mechanistically, polyphyllin D dissipates the mitochondrial membrane potential, induces a down regulation of 
anti-apoptotic Bcl-2 expression and an up-regulation of pro-apoptotic Bax expression, and activates caspase-9.  These results suggest 
that polyphyllin D elicits apoptosis through mitochondria dysfunction.  In vivo study demonstrated that daily administration of 
polyphyllin D (2.73 mg/kg body wt.) through i.v. injection for ten days in nude mice bearing MCF-7 cells effectively reduced tumor 
growth for 50% in terms of tumor wt. and size, given no significant toxicity in heart and liver to the host.  All these findings provide 
novel insights that polyphyllin D could serve as a candidate in breast cancer treatment.
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A review.  Estrogen receptor (ER)-pos. MCF-7 breast cancer cell lines can be used both in vitro and in vivo to create anti-hormone 
resistance.  Estrogen withdrawal in vitro results in spontaneous growth of MCF-7 cells.  Similarly, culture in the selective ER 
modulators (SERMs) tamoxifen and raloxifene, can result in SERM resistance.  This form of anti-hormone resistance is evidenced by 
SERM-stimulated tumor growth in athymic mice.  These tumors are transplantable into successive generations of ovariectomized 
SERM treated mice.  However, there is an evolution of drug resistance to anti-hormones.  This is evidenced by a change in sensitivity 
to estrogen.  The natural hormone no longer stimulated tumor growth but causes apoptosis and tumor regression.
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In breast cancers, estrogen receptor (ER) levels are highly correlated with response to endocrine therapies.  The authors sought to 
define mechanisms of estrogen (E) signaling in a solid breast tumor model using gene expression profiling.  ER+ T47D-Y human breast 
cancer cells were grown as xenografts in ovariectomized nude mice under four conditions: 17β-estradiol for 8 wk (E); without E for 8 wk 
(control); E for 7 wk followed by 1 wk of E withdrawal (Ewd); or E for 8 wk plus tamoxifen for the last week.  E-regulated genes were 
defined as those that differed significantly between control and E and/or between E and Ewd or control and Ewd.  These protocols 
generated 188 in vivo E-regulated genes that showed two major patterns of regulation.  Approx. 46% returned to basal states after Ewd 
(class I genes); 53% did not (class II genes).  In addn., more than 70% of class II-regulated genes also failed to reverse in response to 
tamoxifen.  These genes may be interesting for the study of hormone-resistance issues.  A subset of in vivo E-regulated genes 
appears on lists of clin. ER discriminator genes.  These may be useful therapeutic targets or markers of E activity.  Comparison of in 
vivo E-regulated genes with those regulated in identical cells in vitro after 6 and 24 h of E treatment demonstrate only 11% overlap.  
This indicates the extent to which gene expression profiles are uniquely dependent on hormone-treatment times and the cellular 
microenvironment.
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There was 100% solid tumor formation following inoculation of MCF-7 cells.  However, MCF-7 tumor progression was significantly 
greater in the mice exposed to 17β-estradiol (17β-E2) compared to unexposed mice.  WISP-2/CCN5 mRNA expression was 
correspondingly increased in 17β-E2 exposed MCF-7 tumors compared to unexposed xenografts.  Moreover, estrogen exposure 
followed by anti-estrogen tamoxifen treatment drastically inhibited the tumor growth and WISP-2 expression in nude mice.  Therefore, 
the study suggests that higher WISP-2/CCN5 expression by estrogen may be assocd. with the estrogen-induced growth of MCF-7 
tumors in vivo.  Finally, overexpression of WISP-2/CCN5 may be considered as a prognostic marker of estrogen-sensitive tumor 
growth.

 
Abstract
 

Stimulation of MCF-7 tumor progression in athymic nude mice by 17β-estradiol induces WISP-2/CCN5 expression in 
xenografts: A novel signaling molecule in hormonal carcinogenesis.     Ray, Gibanananda; Banerjee, Snigdha; Saxena, Neela K.; 
Campbell, Donald R.; Van Veldhuizen, Peter; Banerjee, Sushanta K.    Cancer Research Unit, V.A. Medical Center,  University of 
Missouri,  Kansas City,  MO,  USA.    Oncology Reports  (2005),  13(3),  445-448.  Publisher: Oncology Reports,  CODEN: OCRPEW  
ISSN: 1021-335X.  Journal  written in English.    CAN 143:75716    AN 2005:240503    CAPLUS   (Copyright (C) 2008 ACS on SciFinder 
(R))  

 
Bibliographic Information
 
Answer 14:

Extensive interactions between estrogen receptor α (ERα) and HER2 signaling pathways have been described.  Using BT-474 human 
breast cancer cells, we have previously shown that the combination of tamoxifen (TAM) and Herceptin results in strong synergistic 
growth inhibition, enhancement of G0-G1 cell cycle accumulation, inhibition of HER2 activity and a cytostatic effect without cell death.  
To further examine the underlying mechanism of synergy, we investigated the effect of this drug combination on ERα function and 
growth factor downstream signaling.  TAM caused a small increase in ERα levels while Herceptin had no effect, and both drugs caused 
an increase in the level of Ser118-phosphorylated ERα.  However, both TAM and Herceptin individually inhibited ERα transcriptional 
activity, although the combination did not have a greater effect than either single agent.  Herceptin inhibited MAPK and Akt activity, 
while TAM had no effect on these either as a single agent or when added to Herceptin.  Using a BALB/c athymic BT-474 in vivo 
xenograft model, the drug combination (Herceptin 0.3 mg/kg i.p. twice weekly, TAM 1.0 mg/mouse i.p. three times per wk) showed a 
greater inhibition of tumor growth compared to either single agent.  Tumor exts. and fixed sections were examd. at the end of the 
treatment period for treatment-specific alterations: we noted a paradoxical proliferation-inducing effect of TAM that was reversed by 
the addn. of Herceptin.  Our results indicate that combined targeting of both peptide growth factor receptors and ERα represents a 
promising breast cancer treatment strategy.
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Reduction of CWR22 prostate tumor xenograft growth by combined tamoxifen-quercetin treatment is associated with 
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Answer 17:

 Importantly, these data indicate a novel mechanism for tamoxifen resistance and suggest that blockage of the 
phosphatidylinositol 3'-kinase/Akt signaling pathway by mTOR inhibition effectively restores the susceptibility of these 
cells to tamoxifen.  These data may have implication for future clin. studies of mTOR inhibition in breast carcinoma.

The Akt kinase is a serine/threonine protein kinase that has been implicated in mediating a variety of biol. responses.  Studies show 
that high Akt activity in breast carcinoma is assocd. with a poor pathophenotype, as well as hormone and chemotherapy resistance.  
Addnl., high Akt activity is assocd. with other features of poor prognosis.  Thus, a chemotherapeutic agent directed specifically toward 
tumors with high Akt activity could prove extremely potent in treating those breast tumors with the most aggressive phenotypes.  
Several studies have demonstrated that rapamycin, which inhibits mammalian target of rapamycin (mTOR), a downstream target of 
Akt, sensitizes certain resistant cancer cells to chemotherapeutic agents.  This study evaluated the efficacy of mTOR inhibition in the 
treatment of tamoxifen-resistant breast carcinoma characterized by high Akt activity.  We found that MCF-7 breast cancer cell lines 
expressing a constitutively active Akt are able to proliferate under reduced estrogen conditions and are resistant to the growth 
inhibitory effects of tamoxifen, both in vitro as well as in vivo in xenograft models.  Cotreatment with the mTOR inhibitor rapamycin in 
vitro, or the ester of rapamycin, CCI-779 (Wyeth) in vivo, inhibited mTOR activity and restored sensitivity to tamoxifen, suggesting 
that Akt-induced tamoxifen resistance is mediated in part by signaling through the mTOR pathway.  Although the mechanism 
underlying the synergism remains to be understood, the results were assocd. with rapamycin's ability to block transcriptional activity 
mediated by estrogen receptor α, as assessed by reporter gene assays with estrogen-responsive element luciferase.  These data 
corroborate prior findings indicating that Akt activation induces resistance to tamoxifen in breast cancer cells.
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This study was carried out to evaluate and compare the biodistribution profile of tamoxifen when administered i.v. as a simple soln. or 
when encapsulated in polymeric nanoparticulate formulations, with or without surface-stabilizing agents.  Tamoxifen-loaded, 
poly(ethylene oxide)-modified poly(.vepsiln.-caprolactone) (PEO-PCL) nanoparticles were prepd. by solvent displacement process that 
allowed in situ surface modification via phys. adsorption of poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) 
(PEO-PPO-PEO) triblock polymeric stabilizer (Pluronic).  The nanoparticles were characterized for particle size and surface charge.  
Presence of PEO chains on nanoparticle surface was ascertained by electron spectroscopy for chem. anal. (ESCA).  In vivo 
biodistribution studies were carried out in Nu/Nu athymic mice bearing a human breast carcinoma xenograft, MDA-MB-231 using 
tritiated [3H]-tamoxifen as radio-marker for quantification.  PEO-PCL nanoparticles with an av. diam. of 150-250 nm, having a smooth 
spherical shape, and a pos. surface charge were obtained with the formulation procedure.  About 90% drug encapsulation efficiency 
was achieved when tamoxifen was loaded at 10% by wt. of the polymer.  Aq. wettability, suspendability, and ESCA results showed 
surface hydrophilization of the PCL nanoparticles by the Pluronics.  The primary site of accumulation for the drug-loaded nanoparticles 
after i.v. administration was the liver, though up to 26% of the total activity could be recovered in tumor at 6 h post-injection for 
PEO-modified nanoparticles.  PEO-PCL nanoparticles exhibited significantly increased level of accumulation of the drug within tumor 
with time as well as extended their presence in the systemic circulation than the controls (unmodified nanoparticles or the soln. form).  
Pluronic surfactants (F-68 and F-108) presented simple means for efficient surface modification and stabilization of PCL nanoparticles 
to achieve preferential tumor-targeting and a circulating drug reservoir for tamoxifen.
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 Tumors progressing on tamoxifen remained sensitive to second-line therapy with letrozole compared with those remaining 
on tamoxifen at the end of treatment (week 28, P<.001), whereas tumors progressing on letrozole were unaffected by 
second-line treatment with the antiestrogens tamoxifen or fulvestrant.  Conclusions: First-line letrozole therapy extends 
time for tumor progression in this model relative to the other treatment regimens tested.  However, further studies are 
needed to det. the most effective second-line therapy for tumors that progress on letrozole.

Background: The antiestrogen tamoxifen has potent activity against estrogen receptor-pos. breast cancer, but two nonsteroidal 
aromatase inhibitors, letrozole and anastrozole, show considerable advantages over tamoxifen with respect to patient survival and 
tolerability.  To det. the optimal way to use letrozole and tamoxifen, we studied their effects on a breast tumor xenograft model, 
MCF-7Ca, that is responsive to both antiestrogens and aromatase inhibitors.  Methods: Female ovariectomized BALB/c athymic nude 
mice carrying xenograft tumors were treated daily s.c. with one of the following first-line therapies for varying durations: no drug 
(control), tamoxifen (100 μg/day) alone, letrozole (10 μg/day) alone, both drugs at the same time, or alternating 4-wk courses of each 
drug (beginning with a course of tamoxifen or beginning with a course of letrozole).  Tumor vols. and wts. were estd. using linear 
mixed-effects models.  The time to tumor doubling was calcd., and tumor wts. in the treatment groups were compared, with 
adjustments for multiple comparisons being made with either Tukey's or Dunnett's procedure.  Second-line therapies (with tamoxifen, 
letrozole, or fulvestrant) were initiated when tumors doubled in size under first-line therapies.  All statistical tests were two-sided.  
Results: The times for doubling of tumor vol. were as follows: control, 3-4 wk; tamoxifen alone, 16 wk; tamoxifen alternating with 
letrozole, 17-18 wk; tamoxifen plus letrozole, 18 wk; letrozole alternating with tamoxifen, 22 wk; letrozole alone, 34 wk.  First-line 
treatment with letrozole was superior to treatment with tamoxifen alone or with the two drugs combined (at week 16, both P<.001).  
Alternating tamoxifen and letrozole and alternating letrozole and tamoxifen were also not as effective as letrozole alone (at week 16, P = 
.002 and P<.001, resp.).
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Combination chemotherapy is increasingly practiced for the treatment of malignant prostate cancers.  The aim of this study was to 
evaluate the in vivo efficacy of combined tamoxifen and quercetin in prostate tumor xenografts.  Severe combined immune deficient 
(SCID) mice inoculated with CWR22 prostate tumor cells were treated with either tamoxifen (10 mg/kg/wk), quercetin (200 mg/kg/day) 
or combined tamoxifen-quercetin for 28 days.  Tamoxifen or quercetin alone exhibited a moderate antitumor activity.  Tamoxifen 
decreased the Ki-67 index by 52.4%, reduced the vascular endothelial growth factor (VEGF) 121 and VEGF165 mRNA by 18.6 and 
21.8%, resp., and suppressed the blood vessel formation, while quercetin modulated the expression and phosphorylation of cdc-2 and 
cyclin B1, and inhibited the Ki-67 index by 66.0%.  Combined tamoxifen-quercetin effectively delayed the appearance of tumors, 
inhibited the final tumor vol. by 73.3% and reduced the endpoint tumor wt. by 67.1% (p<0.05).  The Ki-67 index, VEGF121, VEGF165 
mRNA and microvessel d. (MVD) were decreased by 66.9, 22.1, 40.1 and 59.0%, resp., by the combined treatment.  These findings 
indicate that tamoxifen inhibits CWR22 prostate tumor by modulating the angiogenesis and its antineoplastic effects can be 
potentiated by combined use with quercetin.
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Background: Long-term tamoxifen treatment of breast cancer can result in tamoxifen-stimulated breast cancer, in which estrogen 
inhibits tumor growth after tamoxifen withdrawal.  The authors investigated the mol. mechanism(s) of estradiol-induced tumor 
regression by using an in vivo model of tamoxifen-stimulated human breast cancer.  Methods: Growth of parental estradiol-stimulated 
MCF-7E2 and long-term tamoxifen-stimulated MCF-7TAMLT xenografts in athymic mice was measured during treatment with vehicle, 
estradiol, estradiol plus tamoxifen, tamoxifen alone, estradiol plus fulvestrant, or fulvestrant alone.  Apoptosis was detected by the 
terminal deoxynucleotidyltransferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) assay.  Protein expression was 
assessed by western blot anal. mRNA expression was assessed by real-time reverse transcription-polymerase chain reaction.  All 
statistical tests were two-sided.  Results: MCF-7E2 tumor growth was stimulated by estradiol (cross-sectional area at week 13=1.06 
Cm2, 95% confidence interval [CI] = 0.82 to 1.30 Cm2; P<.001) compared with control (0.06 Cm2, 95%CI = -0.02 to 0.14 Cm2), but 
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Answer 20:

 ZK-703 and ZK-253 are potent, long-term inhibitors of growth in both tamoxifen-sensitive and tamoxifen-resistant breast 
cancer models.

Antiestrogens of the selective estrogen receptor modulator (SERM) type, such as tamoxifen, have two major limitations: their mixed 
agonist and antagonist profile and the development of tumor resistance.  We characterized two new pure antiestrogens-ZK-703 and 
ZK-253-that belong to the class of specific estrogen receptor destabilizers (SERDs), which includes fulvestrant, and compared their 
activity with that of fulvestrant and tamoxifen.  Effects of antiestrogens on the growth of estrogen-dependent breast tumors in vivo 
were detd. using several mouse xenograft models (including the tamoxifen-sensitive tumors MCF7, T47D, and MV3366 and the 
tamoxifen-resistant tumors ZR75-1 and MCF7/TAM) and chem. induced (nitrosomethyl urea [NMU] and dimethylbenzanthracene 
[DMBA]) rat breast cancer models (groups of 10 animals).  We detd. the initial response and effects on hormone receptor levels and 
the time to relapse after treatment (i.e., time to reach a predetd. tumor size threshold).  Estrogen receptor (ER) levels were detd. by 
immunoassay.  ZK-703 (administered s.c.) and ZK-253 (administered orally) were more effective than tamoxifen or fulvestrant at 
inhibiting the growth of ER-pos. breast cancer in all xenograft models.  For example, MCF7 tumors relapsed (i.e., reached the size 
threshold) in 10 wk in mice treated with tamoxifen but in 30 wk in mice treated with ZK-703.  ZK-703 and ZK-253 also prevented further 
tumor progression in tamoxifen-resistant breast cancer models to a similar extent (more than 30 wk in mice with ZR75-1 and 
MCF7/TAM tumors).  In the chem. induced rat breast cancer models, orally administered ZK-703 and ZK-253 caused a nearly complete 
(>80%) inhibition of tumor growth.  ER levels were dramatically reduced in MCF7 tumors after 5 wk of ZK-703 treatment compared with 
ER levels in vehicle-treated tumors; by contrast, ER levels in tamoxifen-treated tumors were higher than those in control tumors.
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Successful therapy should induce apoptosis in prostate cancer cells irresp. of their androgen response.  We have investigated the 
possibility of utilizing Mifepristone and Tamoxifen as treatment options for prostate cancer cells.  Because preliminary results 
demonstrated induction of apoptosis by these drugs, the mechanism of induction of apoptosis was investigated.  LNCaP-C4 prostate 
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A review.  The introduction of aromatase inhibitors as a new class of agents represents a further step in improving breast cancer 
treatment and possibly in preventing this disease.  Although these agents are now used in the first- and second-line treatment of 
postmenopausal breast cancer, the heterogeneity of patients enrolled in clin. trials prevents a thorough assessment of the 
effectiveness of potential sequential and combination therapies.  Such investigations are more easily performed in the lab., and to this 
end, a tumor model in nude mice was established to simulate several aspects of the postmenopausal breast cancer patient.  This 
model showed that aromatase inhibitors are more efficient than tamoxifen at reducing tumor vol.  Addnl., the combination of an 
aromatase inhibitor plus tamoxifen does not improve the antiproliferative results obtained with the aromatase inhibitor alone, a finding 
corroborated in the Arimidex, Tamoxifen Alone or in Combination adjuvant clin. trial.  To investigate the effect that potential sequences 
of treatment have on tumor growth, letrozole was administered in sequence with tamoxifen to nude mice bearing human xenografts.  
Tumor growth was significantly reduced with the sequence compared with tamoxifen alone.  Addnl., when agents were alternated every 
4 wk, mice started on letrozole fared better than those started on tamoxifen.  Finally, letrozole alone provided the best and most 
sustained redn. in tumor growth.  These expts. suggest the means to evaluate therapeutic combinations in the lab. to guide potential 
trial designs and provide the best chance of success to the patients who enter these clin. trials.
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 Paradoxically, fulvestrant reversed this effect and stimulated MCF-7TAMLT tumor growth apparently through ERα-mediated regulation 
of Fas, HER2/neu, and NF-κB.  Conclusion: Physiol. levels of estradiol induced regression of tamoxifen-stimulated breast cancer 
tumors, apparently by inducing the death receptor Fas and suppressing the antiapoptotic/prosurvival factors NF-κB and HER2/neu.

tumor growth was inhibited by tamoxifen or fulvestrant.  MCF-7TAMLT tumor growth was stimulated by tamoxifen (cross-sectional area 
at week 10=0.60 Cm2, 95% CI = 0.50 to 0.70 Cm2; P<.001) compared with control (0.02 Cm2, 95% CI = 0.00 to 0.04 Cm2).  For 
MCF-7TAMLT tumors that were initially 0.35 Cm2, estradiol-induced regression to 0.18 Cm2 (95% CI = 0.15 to 0.21 Cm2; P<.001), and 
tamoxifen or estradiol plus fulvestrant enhanced tumor growth to 1.00 Cm2 (95% CI = 0.88 to 1.22 Cm2).  Estradiol increased the no. 
of apoptotic cells in tumors by 23% (95% CI = 20% to 26%; P<.001) compared with all other treatments, decreased estrogen receptor α 
(ERα) protein expression, increased the expression of Fas mRNA and protein, decreased the expression of HER2/neu mRNA and 
protein and nuclear factor κB (NF-κB) protein but did not affect Fas ligand protein expression compared with control.
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Histamine is produced by many cells expressing histidine decarboxylase (HDC), the enzyme responsible for the synthesis of 
histamine.  Since melanoma cells and tissue contain relatively large amts. of histamine, the functional significance of histamine was 
examd. using specific antihistamines in vitro and in vivo in the human melanoma cell line HT168 and severe combined 
immunodeficiency (SCID) mice.  It was shown that the H2 receptor antagonist cimetidine when combined with N, 
N-diethyl-2-[4-(phenylmethyl)phenoxy]-ethanamine-HCI (DPPE), a tamoxifen derivate, inhibits the proliferation of HT168 cells.  
Furthermore, it is suggested that there is a factor(s) that interferes with the exponential growth of HT168 cells xenografted to 
immunodeficient mice, and cimetidine and DPPE together significantly influence this factor(s).  This combination of antihistamines also 
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Melanoma cells and tissues contain considerable amts. of histamine and express histamine receptors, suggesting the existence of 
autocrine and paracrine regulation by histamine.  Our previous in vitro results suggested that histamine elevates melanoma cell growth 
through the H2 receptor.  In this work we show that in vivo tumor proliferation in immunodeficient mice xenotransplanted with a human 
melanoma cell line is diminished by cimetidine, an H2 receptor antagonist, if combined with a tamoxifen deriv. acting on cytochrome P 
450 mols. (DPPE).  Ranitidine, another H2 receptor antagonist, has a weaker inhibitory effect, the kinetics and mechanism of which is 
probably dissimilar to that of the cimetidine/DPPE mixt.
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cancer cells were treated with Mifepristone and/or Tamoxifen.  To confirm cytotoxic effects, nude mice with LNCaP-C4 xenografts 
were treated with Mifepristone and Tamoxifen.  Cell viability was assayed using Sulforhodamine B (SRB) assay and DNA 
fragmentation was measured by ELISA.  Culture media from vehicle- and drug-treated cells were collected and secretion of 
transforming growth factor β1 (TGFβ1) was estd. by ELISA.  Role of TGFβ1 was confirmed by inhibiting its function using TGFβ1 
antibody or M6P, which blocked activation of TGFβ1.  Apoptotic effects were detd. by immunoblots of cytochrome c levels in cytosol 
and by in vitro colorimetric assay of caspase-3 activity.  Results showed that although both drugs induced apoptosis in LNCaP-C4 
cells, Mifepristone was more effective.  The effects of these drugs on xenografts confirmed in vitro results.  It was hypothesized that 
drug-induced secretion of TGFβ1 may be responsible for induction of apoptosis.  Neutralization of TGFβ1 with an antibody or blocking 
the activation of TGFβ1 by M6P abrogated the effects of Mifepristone and Tamoxifen confirming our hypothesis.  Furthermore, 
treatment with Mifepristone and/or Tamoxifen released cytochrome c into the cytoplasm and induced activity of caspase-3, providing 
evidence that the drug-stimulated secretion of TGFβ1 was responsible for induction of apoptosis in these cells.  In conclusion, both 
Mifepristone and Tamoxifen induced apoptosis mediated through TGFβ1.  However, no crit. advantage was noted by the addn. of 
Tamoxifen to Mifepristone treatment.
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An 8-mer peptide (EMTOVNOG) derived from α-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-pos. MCF-7 
and T47D human breast cancer xenografts.  A subline of MCF-7, made resistant to tamoxifen by a 6-mo 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 peptide nor tamoxifen was effective in slowing the xenograft growth of the estrogen-receptor-neg. 
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, α-fetoprotein-derived peptide appears to be a novel agent that 
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The agonistic and antagonistic effects of EM-652 were compared with those of tamoxifen and 5 other antiestrogens on the growth of 
ZR-75-1 human breast xenografts in ovariectomized nude mice.  During the 23 wk of treatment at a daily oral dose of 50 μg, EM-652 
was the only compd. that decreased tumor size to below pretreatment values, whereas the other 6 antiestrogens decreased the 
estrone-stimulated progression rate to lesser extents.  Under estrone stimulation, all the groups of animals had >60% of their tumors in 
the progression stage except for the EM-652-treated group, where only 7% of the tumors progressed.  In the absence of estrone 
stimulation, progression occurred in 60%, 33%, 21% and 12% of the tumors in the tamoxifen-, idoxifene-, toremifene- and 
raloxifene-treated groups, resp., while only 4% of the tumors progressed in the EM-652-treated group.  The agonistic and antagonistic 
actions of each antiestrogen were also measured on endometrial epithelial cell thickness.  The findings indicate that EM-652, in addn. to 
being the most potent of these antiestrogens on human breast tumor growth, has no agonistic effect in breast and endometrial tissues.  
Since previous data have shown benefits of EM-652 on bone d. and lipid profile, this compd. could be an ideal candidate for 
chemoprevention of breast and uterine cancers, while protecting against osteoporosis and cardiovascular disease.
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increases the survival of human melanoma-grafted mice.  These changes are accompanied by enhanced infiltration of 
interferon-γ-producing mouse macrophages into the tumor tissue.  These findings suggest that two different mechanisms are probably 
acting concordantly: direct inhibition of tumor cell proliferation by the H2 receptor antagonists, and activation of the local immune 
response characterized by interferon-γ prodn.  These findings may help to elucidate the possibility of a rationally designed 
antihistamine strategy in melanoma therapy.
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A review.  It has been proposed that binding of ligand to the estrogen receptor (ER) releases its assocn. with transcriptional 
corepressors, allowing the ER to recruit coactivators, which possess histone acetylase activity, and induce transcription of gene 
promoters contg. estrogen response elements.  It has also been proposed that the antiestrogen tamoxifen recruits transcriptional 
corepressors to the AF-2 region of the hormone-binding domain of the ER, thus blocking ER-mediated transcription.  The ER 
cross-talks with a no. of mitogenic signaling pathways and second messengers, like the epidermal growth factor receptor, the 
insulin-like growth factor-1 receptor, mitogen-activated protein (MAP) kinase, phosphatidylinositol-3 kinase/Akt, dopamine, and cAMP.  
Some of these mols. may: (a) support ligand-independent ER transcription; (b) increase the assocn. of ER with coactivators of 
transcription; and/or (c) reduce the antiestrogen-induced assocn. of ER with corepressors.  These events either alone or in combination 
may result in hormone independence and/or antiestrogen resistance.  The authors have examd. whether signaling by HER2/neu 
(erbB-2) receptor tyrosine kinase, which can induce antiestrogen resistance, can also disrupt the tamoxifen-induced interaction of ER 
with transcriptional corepressors.  Notably, tamoxifen-induced assocn. of ER with the transcriptional corepressors N-CoR or SMRT was 
reduced in HER2-overexpressing breast tumor cells but not in cells with low HER2 levels.  Small mol. inhibitors of the HER2 kinase or 
MAP extracellular signal-regulated kinase 1/2 or dominant-neg. MAP extracellular signal-regulated kinase 1/2 constructs restored the 
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A review.  Several compds. that selectively inhibit estrogen synthesis via aromatase have been developed.  Steroidal substrate 
analogs, such as formestane and exemestane, inactivate aromatase by binding irreversibly to it.  Non-steroidal inhibitors, such as the 
triazole compds. letrozole and anastrozole, are highly potent, reversible inhibitors with good specificity for aromatase.  The intratumoral 
aromatase model for postmenopausal breast cancer has been used to investigate the efficacy of letrozole, anastrozole and 
exemestane in combination and sequentially.  Combining letrozole or arimidex with tamoxifen or faslodex was not more effective than 
the aromatase inhibitors alone, but was more effective than tamoxifen alone.  Letrozole was superior to and longer lasting than the 
other agents, suggesting that aromatase inhibitors control tumor growth effectively by inducing greater tumor response and extending 
treatment time.  In addn., aromatase inhibitors can be effective in patients relapsing from tamoxifen.  Because two types of 
aromatase inhibitors are available, steroidal enzyme inactivators and reversible non-steroidal inhibitors in sequential therapy could be 
useful if resistance to one type develops.  Aromatase (estrogen synthesis) inhibitors have been developed.  These are more effective 
than tamoxifen in mouse xenograft models, and current clin. data suggest the inhibitors are likely to improve breast cancer treatment.
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interferes with the growth of tamoxifen-sensitive as well as tamoxifen-resistant estrogen-receptor-pos. human breast cancers; it inhibits 
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-pos. human breast cancers.
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A review with 92 refs.  Estrogens are well recognized to play the predominant role in breast cancer development and growth and much 
efforts have been devoted to the blockade of estrogen formation and action.  The most widely used therapy of breast cancer which 
has shown benefits at all stages of the disease is the use of the antiestrogen Tamoxifen.  This compd., however, possesses mixed 
agonist and antagonist activities and major efforts have thus been devoted to the development of compds. having pure antiestrogenic 
activity in the mammary gland and endometrium.  Such a compd. would avoid the problem of stimulation of the endometrium and the 
risk of endometrial carcinoma.  The authors have thus synthesized an orally active nonsteroidal antiestrogen, EM-652 (SCH 57068) and 
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This work evaluated the effects of tamoxifen on the growth and progression of MCFIOAT xenografts, an estrogen-responsive model of 
human breast tumor progression, in which cells are injected orthotopically into the mammary fat pad of female nude mice.  Ten wk 
following implantation, histol. sections of each graft were evaluated microscopically for histol. lesions analogous to human breast 
tumor progression, graded as simple hyperplasia, complex hyperplasia, atypical hyperplasia, ductal carcinoma in situ (DCIS) and 
invasive carcinoma.  Three of five xenografts in (endocrine-intact) control animals progressed to atypical hyperplasia, one progressed 
to DCIS and one to invasive carcinoma.  The latter two control grafts also contained foci of putative precursor lesions (i.e., atypical 
hyperplasia and in situ carcinoma).  Tamoxifen-supplemented xenografts were uniformly smaller than controls but contained invasive 
carcinoma in a similar proportion (24%).  However, none of these grafts exhibited DCIS, and only one contained atypical hyperplasia.  
Most grafts in tamoxifen-supplemented animals (10/17, including all four with carcinomas) showed complex hyperplasia, which typically 
dominated the graft.  It is concluded that tamoxifen selectively inhibits the appearance or growth of preinvasive index lesions.  
Development of malignancy in the absence of such precursors, though, implies selection for alternative histogenetic pathways as a 
result of endocrine manipulation.
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 Similar results have been obtained with ZD1839 ("Iressa"), an epidermal growth factor receptor (HER1) tyrosine kinase 
inhibitor.  Taken together, these data suggest that exogenous inhibitors of the HER-signaling network and other mitogenic 
pathways can abrogate or delay the emergence of antiestrogen resistance, thus providing an evaluable therapeutic 
strategy in human breast carcinoma.

inhibitory effect of tamoxifen on both ER-mediated transcription and tumor cell proliferation.  Treatment with both tamoxifen and the 
small mol. HER1/2 kinase inhibitor AG1478 reduced mitogen-activated protein kinase activity and markedly reduced growth of 
established MCF-7/HER2 xenografts in athymic nude mice.
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HER2/neu (erbB-2) overexpression has been causally assocd. with tamoxifen resistance in human breast cancer cells.  Forced 
expression of HER2 in MCF-7 breast cancer cells resulted in mitogen-activated protein kinase (MAPK) hyperactivity and tamoxifen 
resistance.  Inhibition of HER2 and MAPKs with AG1478 and U0126, resp., as well as dominant-neg. MEK-1/2 constructs restored the 
inhibitory effect of tamoxifen on estrogen receptor (ER)-mediated transcription and cell proliferation.  Both AG1478 and U0126 also 
restored the tamoxifen-mediated assocn. of ER with nuclear receptor corepressor (N-CoR) in the antiestrogen-resistant MCF-7 cells.  
Treatment with a combination of tamoxifen and a HER2 kinase inhibitor reduced tumor MAPK activity and markedly prevented growth 
of HER2-overexpressing MCF-7 xenografts in athymic mice.  Thus, blockade of HER2 and MAPK signaling may enhance tamoxifen 
action and abrogate antiestrogen resistance in human breast cancer.
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 When human breast cancer ZR-75-1 xenografts were grown in nude mice, EM-800 led to a complete inhibition of the 
stimulatory effect of estrogens in ovariectomized mice while tamoxifen was less potent and even stimulated the growth 
of the tumors in the absence of estrogens thus, illustrating the stimulatory effect of tamoxifen on breast cancer growth.  
When incubated with human Ishikawa endometrial carcinoma cells, EM-800 had no stimulatory effect on alk. phosphatase 
activity, an estrogen-sensitive parameter.  Raloxifene, Droloxifene, hydroxytoremifene and hydroxytamoxifen, all 
stimulated to various extents, the activity of this enzyme.  The stimulatory effect of all four compds. was blocked by 
EM-800 thus, confirming their estrogenic activity in human endometrial tissue.  When administered to ovariectomized 
animals, EM-800 prevents bone loss, the effect on bone mineral d., trabecular bone vol., and trabecular sepn. being 5-10 
times more potent than that of raloxifene.  EM-800 lowers serum cholesterol and triglyceride levels in the rat, as well as in 
women.  The detailed information obtained at the preclin. level with EM-652 or EM-800 indicates that these orally active 
compds. are highly potent and pure antiestrogens in the mammary gland and endometrium while they prevent bone loss 
and lower serum cholesterol and triglyceride levels.  Preclin. and clin. data clearly suggest the interest of studying this 
compd. in the neoadjuvant and adjuvant settings and, most importantly, for the prevention of breast and uterine cancer in 
which settings they should provide addnl. benefits by reducing bone loss and by decreasing serum cholesterol and 
triglyceride levels.

the prodrug EM-800 (SCH 57050) which are the most potent of the known antiestrogens.  EM-800, the prodrug of EM-652, has been 
shown to prevent the development of dimethylbenz(a)anthracene (DMBA)-induced mammary carcinoma in the rat, a well-recognized 
model of human breast cancer.  Not only the development, but also the growth of established DMBA-induced mammary carcinoma 
was inhibited by treatment with EM-800.  Uterine size was reduced to castration levels in the groups of animals treated with EM-800.  
EM-652 was the most potent antiestrogen to inhibit the growth of human breast cancer ZR-75-1, MCF-7 and T-47D cells in vitro when 
compared with ICI 182780, ICI 164384, hydroxytamoxifen, raloxifene, and Droloxifene.  Moreover, EM-652 and EM-800 have no 
stimulatory effect on the basal levels of cell proliferation in the absence of E2 while hydroxytamoxifen, raloxifene, and Droloxifene 
have a stimulatory effect on the basal growth of T-47D and ZR-75-1 cells.
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Expression of CD44 isoforms in human breast carcinoma xenografts is not influenced by the treatment of mice with 
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The authors evaluated miproxifene phosphate (TAT-59) to elucidate its efficacy in antiestrogen therapy for breast cancer patients and 
to assess its tissue-selective estrogenic/antiestrogenic activity.  Using DP-TAT-59, a major and active metabolite of TAT-59, an in 
vitro cell growth inhibition test was performed.  Antitumor activity was detd. using TAT-59 against human tumor xenografts of the 
MCF-7 and the Br-10 cell lines and MCF-7-derived tamoxifen-resistant cell lines, R-27 and FST-1.  The antitumor activity of DP-TAT-59 
and DM-DP-TAT-59, major metabolites of TAT-59 found in human blood following a TAT-59 dose, was also examd. after i.v. 
administration to exptl. animals.  The residual estrogenic activity of TAT-59, evaluated in terms of bone and lipid metab. in 
ovariectomized rats, was then compared with that of tamoxifen.  DP-TAT-59 inhibited the proliferation of estrogen receptor-pos. MCF-7 
and T-47D tumor cells in the presence of 1 nM estradiol.  TAT-59, given to mice bearing MCF-7 or Br-10 xenografts, at the dose level 
of 5 mg/kg, exerted a growth inhibitory effect that was stronger than that of tamoxifen.  Moreover, R-27 and FST-1 tumors, which 
show a resistance to tamoxifen, responded strongly to TAT-59, suggesting that TAT-59 might be effective against tumors resistant to 
tamoxifen.  The metabolites of TAT-59, DP-TAT-59 and DM-DP-TAT-59, showed similar antitumor activity.  Both TAT-59 and tamoxifen 
suppressed the decrease in bone d. and reduced the blood cholesterol levels in ovariectomized rats, suggesting that the estrogenic 
activity of TAT-59 is comparable to that of tamoxifen.  On the basis of the above results, one may expect TAT-59 to become an 
effective drug in patients with tumors less sensitive to tamoxifen, while its estrogenic activity as detd. by bone and lipid metab. is 
similar to that of tamoxifen.
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A human tamoxifen-resistant mammary carcinoma, MaCa 3366/TAM, originating from a sensitive parental xenograft, 3366, was 
successfully established by treatment of tumor-bearing nude mice with 1-50 mg tamoxifen/kg for 3 yr during routine passaging.  The 
tumors did not differ significantly in estrogen receptor (ER) and progesterone receptor (PR) positivity; however, when compared with 
the sensitive tumor line, the mean ER content of the tamoxifen-resistant subline was slightly lower.  An ER upregulation following 
withdrawal of estradiol treatment was obsd. in the parental tumors but not in the resistant xenografts.  Following long-term treatment 
with tamoxifen, the histol. pattern of the breast carcinoma changed.  The more differentiated structures apparent after treatment with 
17β-estradiol in the original 3366 tumor were not induced in the resistant line.  Tamoxifen failed to induce a tumor growth inhibition in 
comparison to the tamoxifen-sensitive line.  Tests with the pure antiestrogen ICI 182 780 revealed cross-resistance.  Sequence anal. 
of the hormone-binding domain of the ER of both lines showed no differences, suggesting that either mutations in other regions of the 
ER are involved in the tamoxifen-resistance phenotype or that mechanisms outside of this protein induced this phenotype.  Estrogen 
and antiestrogen regulate gene pS2 and cathepsin D expression in the 3366 tumors as in the human breast cancer cell line MCF-7.  The 
resistant 3366/TAM tumors lost this regulation.  The established breast cancer xenografts 3366 and 3366/TAM offer the possibility of 
investigating mechanisms of antiestrogen resistance in an in vivo situation.  They can be used to test novel approaches to prevent, or 
to overcome, this resistance in a clin. related manner.
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 Sustained induction of apoptosis may contribute to prolonged antagonism of E2-dependent growth, and it occurred to a 
greater extent following 3 mo of idoxifene, compared to tamoxifen.

Idoxifene is a novel selective estrogen (E2) receptor (ER) modulator that is currently in clin. development for the treatment of breast 
cancer.  Compared to tamoxifen, idoxifene is metabolically more stable, with a higher relative binding affinity for the ER and reduced 
agonist activity on breast and uterine cells.  Idoxifene also inhibits calmodulin, a calcium-binding protein that is involved in cell signal 
transduction pathways.  In this study, the abilities of idoxifene and tamoxifen to antagonize E2-dependent MCF-7 xenograft growth in 
oophorectomized athymic mice were compared.  The basis for idoxifene's antitumor activity was examd. by comparing the 
effectiveness of the clin. used trans-isomer (referred to here as idoxifene) with its cis-isomer, which has a 50-fold lower relative 
binding affinity for ER than idoxifene but similar calmodulin-inhibitory activity.  Changes in tumor cell proliferation, apoptosis, and 
ER-dependent protein expression were studied.  Both idoxifene and tamoxifen significantly inhibited E2-dependent tumor growth, 
whereas cis-idoxifene had little effect.  Withdrawal of E2 support induced significant tumor regression due to impaired cell proliferation 
(Ki-67 score, 9 vs. 51% compared to E2 controls) and induction of apoptosis (3.6 vs. 0.9% compared to E2 controls).  Both anti-E2s 
inhibited cell proliferation and caused a significant 3-fold induction of apoptosis in E2-supported tumors after 1 wk, which was 
maintained for 3 mo with idoxifene (3.1 vs. 0.48% compared to E2 controls) but decreased back to baseline in tumors treated with 
tamoxifen (0.69%).  In contrast, cis-idoxifene had no effect on either cell proliferation or apoptosis.  Both tamoxifen and idoxifene 
initially induced ER expression, whereas prolonged therapy with tamoxifen significantly reduced progesterone receptor levels.  Thus, 
idoxifene resulted in similar inhibition of E2-dependent MCF-7 xenograft growth compared with tamoxifen, an effect that is mediated 
via ER rather than through calmodulin.
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CD44 std. (s) and variant (v) isoforms have been discussed to be implicated in progression and metastasis of different malignomas.  
For breast carcinomas, the results of different studies are contradictory.  These apparent discrepancies suggest that CD44 isoforms 
are not available on the tumor cell surface, but could be regulated by different endogenous and exogenous factors.  Here we report the 
regulation of CD44 isoforms in xenografted breast cancer cell lines by cytostatics, hormones and antihormones.  The human breast 
cancer models MDA-MB 435, MCF-7, NCI/ADR, 4296, 4151 and 4134 were transplanted into the mammary fat pad of nude mice.  
When tumors reached a palpable size, animals were treated with farmorubicin, cyclophosphamide, estradiol, tamoxifen or progesterone, 
resp.  At different times after treatment, serum and tumors were taken.  The expression of CD44 and its isoforms was detd. by 
immunohistochem. and RT-PCR, serum levels were measured by human specific ELISA kits.  Serum levels of CD44s and v6 varied 
among the tumors.  For 3/6 tumors we found differences between control groups and treated animals.  Immunohistochem. results 
remained unchanged: each tumor showed a specific pattern of CD44 expression, but this pattern did not change when the animals 
received cytostatics, hormones or antihormones.  The same held true for RT-PCR-results.  Also, the time of tumor collection had no 
influence on CD44 expression.  Therefore, it can be concluded, that in the xenografted breast cancer cell lines a regulation of CD44 
isoforms by farmorubicin, cyclophosphamide, estradiol, progesterone or tamoxifen could not be found, while serum levels were 
influenced in some cases probably due to tumor cell kill and shedding of surface proteins into blood stream.
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 When human breast cancer ZR-75-1 xenografts were grown in nude mice, EM-800 led to a complete inhibition of the 
stimulatory effect of estrogens in ovariectomized mice while tamoxifen was less potent and even stimulated the growth 
of the tumors in the absence of estrogens, thus illustrating the stimulatory effect of tamoxifen on breast cancer growth.  
When incubated with human Ishikawa endometrial carcinoma cells, EM-800 had no stimulatory effect on alk. phosphatase 
activity, an estrogen-sensitive parameter.  Raloxifene, droloxifene, hydroxytoremifene and hydroxytamoxifen, on the 
other hand, all stimulated to various extent, the activity of this enzyme.  The stimulatory effect of all four compds. was 
blocked by EM-800, thus confirming their estrogenic activity in human endometrial tissue.  When administered to 
ovariectomized animals, EM-800 prevents bone loss, the effect on bone mineral d., trabecular bone vol., and trabecular 

 Most importantly, the antiestrogen hydroxytamoxifen has no inhibitory effect on the SRC-1-induced ERβ activity while the pure 
antiestrogen EM-652 completely abolishes this effect, thus strengthening the need to use pure antiestrogens in breast cancer therapy 
in order to control all known aspects of ER-regulated gene expression.  In fact, the absence of blockade of AF2 by hydroxytamoxifen 
could explain why the benefits of tamoxifen obsd. up to 5 yr become neg. at longer time intervals and why resistance develops to 
tamoxifen.  EM-800, the prodrug of EM-652, has been shown to prevent the development of dimethylbenz(a)anthracene 
(DMBA)-induced mammary carcinoma in the rat, a well-recognized model of human breast cancer.  It is of interest that the addn. of 
dehydroepiandrosterone, a precursor of androgens, to EM-800, led to complete inhibition of tumor development in this model.  Not only 
the development, but also the growth of established DMBA-induced mammary carcinoma was inhibited by treatment with EM-800.  An 
inhibitory effect was also obsd. when medroxyprogesterone was added to treatment with EM-800.  Uterine size was reduced to 
castration levels in the groups of animals treated with EM-800.  An almost complete disappearance of estrogen receptors was obsd. in 
the uterus, vaginum and tumors in nude mice treated with EM-800.  EM-652 was the most potent antiestrogen to inhibit the growth of 
human breast cancer ZR-75-1, MCF-7 and T-47D cells in vitro when compared with ICI 182780, ICI 164384, hydroxytamoxifen, and 
droloxifene.  Moreover, EM-652 and EM-800 have no stimulatory effect on the basal levels of cell proliferation in the absence of E2 
while hydroxytamoxifen and droloxifene had a stimulatory effect on the basal growth of T-47D and ZR-75-1 cells.  EM-652 was also 
the most potent inhibitor of the percentage of cycling cancer cells.

A review, with 224 refs.  Breast cancer is the most frequent cancer in women while it is the second cause of cancer death.  Estrogens 
are well recognized to play the predominant role in breast cancer development and growth and much efforts have been devoted to the 
blockade of estrogen formation and action.  The most widely used therapy of breast cancer which has shown benefits at all stages of 
the disease is the use of the antiestrogen Tamoxifen.  This compd., however, possesses mixed agonist and antagonist activity and 
major efforts have been devoted to the development of compds. having pure antiestrogenic activity in the mammary gland and 
endometrium.  Such a compd. would avoid the problem of stimulation of the endometrium and the risk of endometrial carcinoma.  We 
have thus synthesized an orally active non-steroidal antiestrogen, EM-652 (SCH 57068) and the prodrug EM-800 (SCH57050) which are 
the most potent of the known antiestrogens.  EM-652 is the compd. having the highest affinity for the estrogen receptor, including 
estradiol.  It has higher affinity for the ER than ICI 182780, hydroxytamoxifen, raloxifene, droloxifene and hydroxytoremifene.  
EM-652 has the most potent inhibitory activity on both ERα and ERβ compared to any of the other antiestrogens tested.  An important 
aspect of EM-652 is that it inhibits both the AF1 and AF2 functions of both ERα and ERβ while the inhibitory action of 
hydroxytamoxifen is limited to AF2, the ligand-dependent function of the estrogen receptors.  AF1 activity is constitutive, 
ligand-independent and is responsible for mediation of the activity of growth factors and of the ras oncogene and MAP-kinase pathway.  
EM-652 inhibits Ras-induced transcriptional activity of ERα and ERβ and blocks SRC-1-stimulated activity of the two receptors.  
EM-652 was also found to block the recruitment of SRC-1 at AF1 of ERβ, this ligand-independent activation of AF1 being closely 
related to phosphorylation of the steroid receptors by protein kinase.
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of 13-CRA to TAM did not improve the efficacy of TAM against these estrogen-receptor-pos. xenografts.

The efficacy of 13-cis-retinoic acid (13-CRA) given as a single agent or in combination with tamoxifen (TAM) was detd. in athymic nude 
mice bearing advanced s.c. MCF-7 human breast cancers.  13-CRA alone was given by gavage at doses ranging from 26.4-200 
mg/kg.  TAM alone was given by gavage at doses of 7.5, 15, 30, or 60 mg/kg.  For combination studies, each dose of TAM was 
followed 4 h later by 13-CRA at doses of 25, 50, 100, or 200 mg/kg.  All treatments began on day 12 and were continued for 3 wk.  The 
median time to 2 doublings recorded for the control and for 13-CRA and TAM given as single agents at the highest dose were 22.2, 
29.2, and 54.7 days, resp.  In combination, 100 and 200 mg/kg 13-CRA with 7.5 mg/kg TAM resulted in a delay in tumor growth at least 
as high as that achieved with highest-dose TAM alone, but the effect was not synergistic.  Pharmacokinetic anal. of 13-CRA was 
performed in blood plasma, liver, and tumor from mice bearing 0.5-2.0 g carcinomas following a single dose of 100 mg/kg 13-CRA.  
Results showed that 13-CRA was metabolized differently in various tissues, but concns. at 13-CRA detected in tumor were in the 
range reported to be active in vitro.  All-trans-retinoic acid (ATRA) concns. were about 5% at the 13-CRA concns. detected in plasma, 
68% of those found in liver, and 20% of those found in tumor.  4-Oxo-CRA represented between 2 and 10% of 13-CEA concns. 
detected in plasma and liver but was not detected in tumor.  Furthermore there was no difference in peak plasma 13-CRA concns. 
found in the same tissues at 30 min after a single dose or after the 8h dose of 100 mg/kg 13-CRA or 13-CRA and TAM.  Mean 13-CRA 
concns. detected in liver and tumor were 50-90% and 16-30% of plasma peak concns., resp.  No difference in 4-oxo-CRA concn. was 
obsd. between the treatment groups.  These data suggest that 13-CRA is not effective against established human breast tumor 
xenografts despite the stability of the pharmacokinetics of 13-CRA and the generation of ATRA as a metabolite.  The addn.
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in the neoadjuvant and adjuvant settings and, most importantly, for the prevention of breast and uterine cancer in which 
settings they should provide addnl. benefits on bone and lipids.

sepn. being 5-10 times more potent than raloxifene.  EM-800 lowers serum cholesterol and triglyceride levels in the rat as 
well as in women.  In a Phase II study performed in patients with breast cancer showing failure on tamoxifen, 1 patient 
had a complete response while 5 patients had a partial response and stable disease for at least three months has been 
obsd. in an addnl. 13 patients for a total of 19 pos. responses out of 43 evaluable patients (44.2%).  No significant 
secondary effect related to the drug was obsd.  A phase 3 international clin. trial is currently being performed in tamoxifen 
failure patients where EM-800 (SCH 57050) is compared to Arimidex.  The detailed information obtained at the preclin. 
level with EM-652 or EM-800 indicates that these orally active compds. are highly potent and pure antiestrogens in the 
mammary gland and endometrium while they prevent bone loss and lower serum cholesterol and triglyceride levels.  
Preclin. and clin. data clearly suggest the interest of studying this compd.
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Although estrone supplementation in ovariectomized (OVX) nude mice bearing ZR-75-1 xenografts caused a 365% increase in av. tumor 
size during the 4-mo treatment period, administration of the antiestrogen EM-800 at the daily oral doses of 50, 150, or 400 μg 
completely prevented estrogen-stimulated tumor growth.  At the same doses of tamoxifen, tumor size was inhibited to 189, 117, and 
120% above pretreatment values.  However, when EM-800 (150 μg/day) was added to the daily 150- and 400-μg doses of tamoxifen, 
final tumor size was decreased further to 12 and 38% above pretreatment values, resp.  EM-800 (400 μg daily) administered to 
estrone-supplemented OVX mice caused complete, partial, and stable responses in 11, 22, and 49% of estrone-stimulated tumors, 
resp., whereas 19% (7 of 37) progressed.  At the same dose of tamoxifen, the corresponding responses were 3% (complete response), 
3% (partial response), and 25% (no change), whereas 69% (22 of 32) of tumors progressed.  In the absence of estrone 
supplementation, tamoxifen (400 μg) alone administered to OVX mice stimulated tumor growth to 161% compared with initial size 
whereas the same dose of EM-800 reduced tumor size by 55%, a value superimposable to that obsd. in OVX control animals.  The 
agonistic effect of tamoxifen is thus illustrated by the observation that 73% of tumors progressed when tamoxifen was administered 
alone to OVX animals whereas no tumor progressed with EM-800.  The present data strongly suggest that at least part of the initial lack 
of response and resistance to tamoxifen during tamoxifen treatment in women is due to the estrogenic activity of this compd., 
whereas the new antiestrogen EM-800 exerts pure antagonistic action.
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Background: Overexpression of transforming growth factor (TGF)-β has been reported in human breast carcinomas resistant to 
antiestrogen tamoxifen, but the role of TGF-β in this resistant phenotype is unclear.  We investigated whether inhibition of TGF-β2, 
which is overexpressed in LCC2 tamoxifen-resistant human breast cancer cells, could modify antiestrogen resistance.  Methods: 
TGF-β2 expression was evaluated in LCC2 cells and tamoxifen-sensitive LCC1 cells by northern blot anal.  Secreted TGF-β activity 
was quantified by use of an 125I-TGF-β competitive radioreceptor assay.  Sensitivity to tamoxifen was measured in a soft agarose 
colony-forming assay and in a xenograft model in nude and beige/nude mice.  Natural killer (NK) cell cytotoxicity was measured by 
51Cr release from LCC1 and LCC2 cell targets coincubated with human peripheral blood mononuclear cells.  Decrease in TGF-β2 
expression in LCC2 cells was achieved by treatment with antisense oligodeoxynucleotides and confirmed by TGF-β2 immunoblot anal.  
Results and Conclusions: The proliferative response of LCC2 cells to tamoxifen in vitro was not altered by TGF-β neutralizing 
antibodies.  However, established LCC2 tumors in nude mice treated with tamoxifen plus TGF-β antibodies failed to grow, whereas 
tumors treated with tamoxifen plus a control antibody continued to proliferate.  This reversal of tamoxifen resistance by TGF-β 
antibodies did not occur in beige/nude mice, which lack NK-cell function, suggesting that immune mechanisms may be involved in the 
antitumor effects of tamoxifen.  Antisense TGF-β2 oligodeoxynucleotides enhanced the NK sensitivity of LCC2 cells in the presence 
of tamoxifen.  Finally, LCC1 tumors were markedly more sensitive to tamoxifen in NK-active than in NK-deficient mice.  Implications: 
These data suggest that host NK function mediates, in part, the antitumor effect of tamoxifen and that TGF-β2 may abrogate this 
mechanism, thus contributing to tamoxifen resistance.
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Preliminary studies have suggested that measuring the ability of immunoreactive 67-kDa estrogen receptor (ER) to bind DNA and form 
in vitro complexes with its cognate estrogen response element (ERE) might serve to identify breast tumors most likely to respond to 
antiestrogens like tamoxifen.  Data from two different surveys of untreated primary breast tumors confirmed that only 67% (74 of 
111) of ER-pos. tumors express a receptor capable of forming ER-ERE complexes by gel-shift assay, with tumors of lower ER 
content having significantly reduced ER DNA-binding frequency (56%) relative to those of higher ER content (82%).  In contrast to 
these untreated tumors, a panel of 41 receptor-pos. breast tumors excised after acquiring clin. resistance to tamoxifen during either 
primary or adjuvant therapy showed a significantly greater ER DNA-binding frequency, with nearly 90% capable of forming ER-ERE 
complexes.  To assess exptl. whether ER DNA-binding function is altered during the development of antiestrogen resistance, nude 
mouse MCF-7 tumor xenografts were analyzed before and after the acquisition of in vivo resistance to either tamoxifen or a pure 
steroidal antiestrogen, ICI 182,780.  Tamoxifen-resistant MCF-7 tumors retained full expression of 67-kDa DNA-binding ER, and 
despite a markedly reduced ER content in the ICI 182,780-treated tumors, the expressed ER in these antiestrogen-resistant tumors 
exhibited full ability to form ER-ERE complexes.  These findings indicate that breast tumors with acquired antiestrogen resistance 
continue to express ER of normal size and DNA-binding ability and suggest that the failure of antiestrogens to arrest tumor growth 
during emergence of clin. resistance results from an altered gene-regulatory mechanism(s) other than ER-ERE complex formation.
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The ZR-75-1 ER pos. breast cancer cell line, xenografted in female nude mice, has been used to det. the effect of tamoxifen on cell 
proliferation (as measured by mitosis) and cell death (as evidenced by apoptosis and necrosis).  After 2 days treatment, there was a 
significant rise in apoptosis (p < 0.05), whereas a fall in mitosis was not apparent until 7 days (p < 0.05).  Furthermore there was an 
increase in the apoptotic: mitotic ratio on day 7 (p < 0.05).  These changes antedated tumor regression, which did reach not 
significance until day 14.  Tamoxifen did not increase necrosis (which significantly decreased in treated tumors once they had 
regressed (p < 0.01)).  In contrast, tamoxifen treatment of xenografted MDA-MB-231 ER-neg. breast cancer cells produced no 
significant effects on growth, apoptosis, or mitosis.  This study presents clear evidence for tamoxifen inducing apoptosis in ZR-75-1 
xenografts (but not MDA-MB-231 tumors).  Since changes in apoptosis and mitosis antedate tumor regression, their assessment may 
provide the potential by which to predict tumor response to tamoxifen therapy.
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Uterine leiomyomas (fibroids) are the most common gynecol. neoplasms and may be assocd. with significant morbidity.  Recently, we 
described a rat model (Eker rat) of fibroid development in which reproductive tract leiomyomas develop spontaneously with high 
frequency.  The present studies describe the estrogen and antiestrogen responsiveness of an Eker rat leiomyoma-derived cell line in 
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This study was aimed at developing a hydrophilic diethylenetriaminepentaacetic acid-tamoxifen (DTPA-Tam) analog for use in imaging 
estrogen receptor pos. (ER+) lesions.  In rat uterine cytosol, the IC50 of DTPA-Tam conjugate was 1 μM and of tamoxifen, 2 μM.  
Biodistribution, autoradiog., and radionuclide imaging of 111In-DTPA-Tam in breast-tumor-bearing rats showed that tumor-to-tissue ratios 
increased steadily between 30 min and 48 h.  The in vivo response of MCF-7 breast cancer xenografts to tamoxifen and DTPA-Tam in 
nude mice demonstrated that DTPA-Tam could reduce tumor growth rate.  These results indicate that DTPA-Tam, a new hydrophilic 
ER+ ligand, might be useful in diagnosing ER+ lesions.
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Cholangiocarcinoma represents a challenging primary malignancy of the liver with no effective medical therapy and a poor prognosis.  
We have investigated the role of tamoxifen and estrogen receptors (ERs) in the regulation of growth of human cholangiocarcinoma.  
Two human cholangiocarcinoma cell lines, OZ and SK-ChA-1, were grown in the presence of graded concns. of tamoxifen; the effects 
on cell growth were detd. by cell counting or 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium proliferation assay.  The presence of ER 
protein was tested by indirect immunofluorescence and immunopptn.  In addn., cells were grown in estrogen-depleted media 
supplemented with exogenous 17β-estradiol.  ER mRNA was evaluated by reverse transcription-PCR and Northern blotting.  Finally, 
one cholangiocarcinoma cell line was grown as a xenograft in athymic nude mice; tamoxifen effects on in vivo tumor growth were detd. 
with biweekly caliper measurements.  Tamoxifen (5-10 μM) caused dose-dependent in vitro growth inhibition of two human 
cholangiocarcinoma cell lines.  In addn., growth inhibition of one cell line (SK-ChA-1) grown as a xenograft in nude mice by tamoxifen 
was obsd.  The presence of ER protein was suggested by 17β-estradiol stimulation of tumor cell growth in vitro and confirmed by 
immunopptn.  Immunofluorescence microscopy was ineffective at detection of ER protein.  Reverse transcription-PCR demonstrated 
the presence of ER mRNA in both cell lines.  Northern blot anal. confirmed the presence of full-length 6.5-kb ER mRNA.  No ER 
deletion mutants were detected.  Tamoxifen inhibited the growth of human cholangiocarcinoma in vitro and in vivo.  ER protein and 
mRNA were detected in both cell lines.  The mechanism(s) of tamoxifen-mediated growth inhibition is unclear but may occur via ER 
protein or addnl. pathways.  The ability of tamoxifen to inhibit tumor growth may offer an alternative adjunctive treatment for 
cholangiocarcinoma.
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This paper presents results of the in vitro and in vivo effects of antiestrogens on the growth of human ovarian cancer cells.  
Tamoxifen and the "pure" antiestrogens ICI 164,384 and ICI 182,780 inhibited the estrogen-stimulated growth of the estrogen receptor 
(ER)-pos. PE04 and PE01 cell lines grown in culture, the latter 2 compds. being more potent than tamoxifen.  In the absence of 
17β-estradiol (E2), tamoxifen (10-7-10-9M), but not the pure antiestrogens, produced a small degree of growth stimulation in the PE01 
and PE04 lines.  In contrast, growth of the ER-neg. PE014 line was unaffected by E2 and all 3 antiestrogens.  The effects of 
tamoxifen and ICI 182,780 on PE04 cells grown as xenografts in nude mice were also studied.  Both antiestrogens produced significant 
growth-inhibitory effects.  These results indicate that ovarian carcinoma cells may be sensitive to antiestrogens in vitro and in vivo, 
and support the view that antiestrogens merit further clin. studies in patients with ER-pos. tumors.
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It has been proposed that sex steroids protect premenopausal women from aggressive thyroid malignancies.  Some thyroid tissues 
have estrogen receptors, and estrogen stimulates human thyroid cells.  Tamoxifen is thought to exert its antiproliferative effects 
mainly by blocking estrogen stimulation.  However, recently, mechanisms independent of estrogen interactions were found to be 
important for the favorable effect.  The effect of tamoxifen on growth, migration, and invasion were investigated in 3 follicular thyroid 
cancer cell lines (FTC133, primary; FTC236, lymph node; and FTC238, lung metastasis) and 2 papillary lines (PTC-UC1 and 
PTC-UC3).  In vivo expts. used xenografts of FTC133 in nude mice.  Tamoxifen (1.5 μM) inhibited the growth of all the thyroid cancer 
cell lines (FTC133, 59%; FTC236, 42%; FTC238, 46%).  This effect was less pronounced in PTC-UC1 (25%) and PTC-UC3 (19%) cell 
lines.  Tamoxifen also inhibited migration and invasion of FTC cells more than PTC cells.  Invasion of FTC133 was inhibited by 36%, 
FTC236 by 30%, and FTC238 by 32%.  Immunohistochem. showed no estrogen receptors in any cell line used.  Also, estradiol had no 
effect on the growth, migration, or invasion of FTC or PTC.  Tamoxifen treatment inhibited the growth of FTC133 xenografts in nude 
mice by 52% compared to that in placebo-treated controls.  In conclusion, tamoxifen inhibited the growth, migration, and invasion of 
differentiated thyroid cancer cells in vitro and in vivo.  This was not reversed by estrogen.  Tamoxifen acts independently of estrogen 
interactions and may be useful as an adjuvant treatment for some differentiated human thyroid malignancies.
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vitro and a nude mouse xenograft system in vivo.  In this cell line, estradiol stimulated growth in estrogen-depleted medium, whereas 
the nonsteroidal antiestrogen tamoxifen maximally inhibited cell proliferation in medium contg. 10% charcoal-stripped serum.  
Proliferation was also decreased by the biol. active tamoxifen metabolite 4-hydroxytamoxifen; the metabolite was more effective than 
the parent compd. in exerting this growth inhibition.  Compared to placebo-treated controls, estradiol increased the size of tumors that 
developed in a nude mouse xenograft system, whereas tamoxifen increased tumor latency and decreased tumor size.  This study of 
leiomyoma cells in a well defined system suggests that antiestrogens may prove efficacious in the treatment of this clin. important 
neoplasm.
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Human recombinant interferon-βSER (rIFN-βSER) inhibited the growth in vitro of the estrogen receptor (ER) pos. breast cancer cell line 
MCF-7 and the ER neg. breast cancer cell line MDA-MB-231.  This inhibitory effect was achieved at doses of 50 U/mL and above.  The 
growth of MCF-7 tumors in estradiol-stimulated athymic mice was greatly inhibited by high dose rIFN-βSER treatment (106 U/day).  In 
spite of the impressive antitumor effects upon MCF-7 tumors, rIFN-βSER had no effect upon ER levels within the tumors at either the 
RNA or protein level.  High dose rIFN-βSER (106 U/day) did result in some inhibition in the growth in vivo of the tamoxifen-stimulated 
MCF-7 variant MCF-7 TAM, although not to the same extent as was obsd. with the estradiol-stimulated MCF-7 tumors.  RIFN-βSER 
was also administered to animals bearing MCF-7 tumors and treated with estradiol and tamoxifen.  In the animals undergoing high dose 
therapy (106 U/day), tumor growth was completely suppressed.  Furthermore, tumor growth continued to be suppressed in those 
animals in which the rIFN-βSER therapy was halted and the tamoxifen capsule removed.  No tumors were obsd. in spite of the 
environment of estradiol stimulation.  Thus, the combination of interferon and tamoxifen was totally growth suppressive for MCF-7 
xenografts in nude mice.
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A tamoxifen-resistant cell line (clone 9) has been isolated from the tamoxifen-sensitive, hormone-responsive MCF-7 breast carcinoma 
cell line after transfection with mixed cDNA libraries, followed by tamoxifen selection in the presence of estrogens.  Transfection was 
confirmed by Southern anal. with vector probes.  Clone 9 in several-fold more resistant to tamoxifen and other anti-estrogens than wild 
type cells when cultured either as a monolayer or as colonies in soft agar but retains estrogen receptors.  Clone 9 was less responsive 
to 17-β-estradiol than were wild type MCF-7.  In addn. to showing in vitro tamoxifen resistance, clone 9 was also tamoxifen resistant in 
vivo when xenografted into the nude mouse.  Culture medium conditioned by clone 9 cells stimulated quiescent cells of the same 
clone as well as wild type cells, whereas medium conditioned by wild type MCF-7 was inhibitory to both, suggesting that clone 9 may 
be secreting an autocrine growth factor.  Clone 9 provides a novel model for further investigation of the mechanism of anti-estrogen 
resistance that occurs without loss of estrogen receptors.  Preliminary results suggest that an autocrine growth stimulatory mechanism 
may be one pathway of such resistance.
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Previous studies identified a series of 7α-alkylamide analogs of 17β-estradiol which are pure antiestrogens.  Among this initial series of 
compds., exemplified by ICI 164,384, none was of sufficient in vivo potency to merit serious consideration as a candidate for clin. 
evaluation.  Further structure-activity studies identified a compd., ICI 182,780, 
7α-[9-(4,4,5,5,5-pentafluoro-pentylsulphinyl)nonyl]estra-1,3,5(10)-triene-3,17β-diol, with increased antiestrogenic potency.  The 
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TAT-59 had higher activity than tamoxifen citrate against xenografts of estrogen receptor-pos. human breast carcinomas in female 
nude mice.  The redn. of estrogen receptors and the prodn. of progesterone receptors after treatment with TAT-59 were greater than 
after tamoxifen, suggesting that TAT-59 exerts its antitumor effect through binding to estrogen receptors.  TAT-59 might merit human 
clin. trials in breast cancer patients.

 
Abstract
 

Antitumor effect of a triphenylethylene derivative (TAT-59) against human breast carcinoma xenografts in nude mice.     Koh, 
Junichi; Kubota, Tetsuro; Asanuma, Fumiki; Yamada, Yoshinori; Kawamura, Eiji; Hosoda, Yoichiro; Hashimoto, Mitsumasa; 
Yamamoto, Osami; Sakai, Shoji; et al.    Dep. Surg.,  Soc. Insurance Saitama Chuo Hosp.,  Urawa,  Japan.    Journal of Surgical 
Oncology  (1992),  51(4),  254-8.  CODEN: JSONAU  ISSN: 0022-4790.  Journal  written in English.    CAN 118:139350    AN 
1993:139350    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  

 
Bibliographic Information
 
Answer 50:

The effect of recombinant human interferon-α2a (rhIFN-α2a) on the hormone receptor level and antitumor activity of tamoxifen (TAM) 
was investigated in nude mice using ZR-75-1, an estrogen receptor (ER)-pos., and progesterone receptor (PgR)-neg. human breast 
carcinoma xenograft.  ER levels (max. binding sites) of tumors treated with rhIFN-α2a at a dose of 6 × 105 U/mouse/day for 1 or 3 wk 
were not different from the control, whereas those with rhIFN-α2a at a dose of 6 × 104 U/mouse/day for 1 or 3 wk were higher than the 
control (3.9-4.4-fold) with a significant difference.  The increase of ER by the rhIFN-α2a was investigated using a sucrose d. gradient 
method.  The peak was only seen at 8 S in both rhIFN-α2a-treated tumor and control ER, and the sedimentation patterns were almost 
the same, suggesting that both ERs were essentially equiv.  On the other hand, PgR of all the treated groups could be detected, while 
that of the control group was undetectable.  The antitumor effect of the combination treatment of rhIFN-α2a and TAM was compared 
with those of single treatments.  While rhIFN-α2a at a dose of 6 × 105 U/mouse/day and TAM did not show a combination effect, 
rhIFN-α2a at a dose of 6 × 104 U/mouse/day and TAM showed a synergistic combination effect, and ER was decreased to the 
threshold of detection by the combination treatment.  Thus, a low dose of rhIFN-α2a increased the ER levels of ER-pos. human breast 
cancer in vivo as well as in vitro and enhanced the anti-proliferative effect of TAM, and the newly synthesized ER was essentially the 
same as the original ER.
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 Based on the above results, it appears likely that Sandostatin directly inhibited the growth of SKI tumors, since SKI was 
pos. for somatostatin binding sites; it appears less likely that Sandostatin indirectly mediated its inhibition by attenuating 
possible stimulatory effects of CCK.  Growth inhibitory effects of tamoxifen on PGER were apparently via E2 binding 
sites, since only the tumors pos. for E2 binding sites (PGER) reponded to tamoxifen; it remains to be detd. if tamoxifen 
can exert addnl. effects independent of E2 binding sites on pancreatic cancers.  Screening of pancreatic cancers for 
specific binding sites for putative growth regulatory hormones/factors, such as E2, somatostatin, and CCK, may thus 
help in the future to det. a more appropriate treatment for patients, in a fashion analogous to treatment of breast cancer.

It was recently reported that human pancreatic cancers differentially respond to the growth inhibitory effects of an estradiol (E2) 
receptor antagonist, tamoxifen, and a long-acting analog of somatostatin, Sandostatin.  In the present study two human pancreatic 
cancers, established as xenografts in nude mice, were examd. as representative of cancers that respond to either tamoxifen (PGER) 
or Sandostatin (SKI), for the presence of binding sites for various hormones.  Male nude mice were inoculated with either SKI or PGER, 
by passage of tumor chunks (3 mm2) to the interscapular region.  Tumors, obtained from mice after .apprx.30 days of in vivo growth, 
were analyzed for binding to cholecystokinin-octapeptide (CCK), somatostatin and E2, by published procedures, using either crude 
tumor membranes (CCK), cytosol and nuclear fractions (E2), or cryostat sections of whole tumors (somatostatin).  SKI was highly 
pos. for high-affinity (Kd = .apprx.1 nM) CCK binding sites at the time of resection with a binding capacity of .apprx.1000 fmol/mg 
protein.  With increasing passages, the total no. of high-affinity binding sites for CCK, was reduced to non-detectable levels in SKI 
tumors, while non-saturable binding (Kd = >10 nM) became increasingly evident.  Early passages of PGER tumors were similarly pos. 
for high-affinity binding sites for CCK, that steeply declined with increasing passages.  Specific binding sites for E2 were obsd. only in 
the cytosolic fractions of PGER, with a high binding affinity (Kd .apprx.0.05 nM) and a low binding capacity (15 fmol/mg cytosolic 
proteins), at all passages examd.; E2 binding sites were not detected in cytosolic and nuclear fractions of SKI and in the nuclei of 
PGER at all passages.  SKI and PGER at different passages were examd. for somatostatin binding, and both the early and late 
passages of PGER were devoid of somatostatin binding sites, while SKI tumors were pos. for them.
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antiuterotrophic potency of ICI 182,780 is > 10-fold greater than that of ICI 164,384.  ICI 182,780 has no estrogen-like trophic activity 
and, like ICI 164,384 is peripherally selective in its antiestrogenic effects.  The increased in vivo potency of ICI 182,780 was also 
reflected, in part, by intrinsic activity at the estrogen receptor and in the growth inhibitory potency of ICI 182,780 in MCF-7 human 
breast cancer cells.  ICI 182,780 was a more effective inhibitor of MCF-7 growth than 4'-hydroxytamoxifen, producing an 80% redn. of 
cell no. under conditions where 4'-hydroxytamoxifen achieved a max. of 50% inhibition.  Sustained antiestrogenic effects of ICI 
182,780, following a single parenteral dose of ICI 182,780 in oil suspension, were apparent in both rats and pigtail monkeys.  In vivo, 
the antitumor activity of ICI 182,780 was demonstrated with xenografts of MCF-7 and Br10 human breast cancers in athymic mice 
where, over a 1 mo period, a single injection of ICI 182,780 in oil suspension achieved effects comparable with those of daily 
tamoxifen treatment.  Thus, ICI 182,780 provides the opportunity to evaluate clin. the potential therapeutic benefits of complete 
blockade of estrogen effects in endocrine-responsive human breast cancer.
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produced not only lower circulating tamoxifen levels (41 ng/mL) but also changed the metabolite profile.  Rather than 
N-demethyltamoxifen levels equiv. to those of tamoxifen, as seen with the higher dose, they were reduced to those of 
4-hydroxytamoxifen (7 ng/mL).  Low levels of both N-demethyltamoxifen and 4-hydroxytamoxifen compared to the parent compd. 
were characteristic of metabolite profiles produced by 0.25-, 1.25- or 2.5-cm silastic capsules releasing an av. of 53, 84 and 192 μg 
tamoxifen per day, resp.  These capsules demonstrated their ability to inhibit 17β-estradiol-stimulated MCF-7 tumor growth in a 
dose-related manner.  The largest capsule (2.5 cm) produced serum levels of tamoxifen (51.8 ng/mL), 4-hydroxytamoxifen (3.5 ng/mL) 
and N-demethyltamoxifen (3.8 ng/mL) which were sufficient to produce complete inhibition of tumor growth.  The athymic mouse 
hydroxylates oral tamoxifen more readily than the human and therefore produces a different metabolite profile.

The metab. of tamoxifen in the human has been well established and may be important in the antiestrogenic activity of this agent.  
This study exams. whether tamoxifen metab. in the athymic mouse xenograft model is similar to tamoxifen metab. in the breast 
cancer patient.  Serum taken from athymic mice 24 h after a single large oral dose (200 mg/kg) of tamoxifen contained compds. 
corresponding to stds. of tamoxifen, 4-hydroxytamoxifen, N-demethyltamoxifen, 4-hydroxy-N-demethyltamoxifen and tamoxifen 
N-oxide when analyzed by HPLC.  The administration of large single doses (200 mg/kg) of 4-hydroxytamoxifen and 
N-demethyltamoxifen either alone or in combination produced the expected peaks for the administered agents and a peak confirming 
the identity of 4-hydroxy-N-demethyltamoxifen.  4-Hydroxy-N-demethyltamoxifen was detected in serum from six of 10 breast cancer 
patients receiving 10 mg tamoxifen twice daily.  These patients had tamoxifen, 4-hydroxytamoxifen and N-demethyltamoxifen levels 
of 108, 2.6, and 238 ng/mL, resp.  Repeated large oral doses (200 mg/kg/day for 6 days) of tamoxifen to athymic mice produced a 
similar array of serum metabolites as seen after the single dose and in the breast cancer patient.  However, levels of 
4-hydroxytamoxifen (628 ng/mL) were similar to those of tamoxifen (441 ng/mL), whereas N-demethyltamoxifen (1343 ng/mL) levels 
were 2-3 times greater.  A similar pattern of metabolites was produced with a 50-mg/kg dose of tamoxifen although levels were 
considerably reduced.  S.c. administration of tamoxifen (200 mg/kg/day for 6 days) produced serum levels of the parent compd. (120 
ng/mL) in the same range as tamoxifen levels in the breast cancer patient.  However, although N-demethyltamoxifen was the major 
metabolite, levels (115 ng/mL) were equiv. only to those of tamoxifen itself, and 4-hydroxytamoxifen levels (26 ng/mL) were 
appreciably higher than those in the breast cancer patient.  Lowering the dose of tamoxifen (50 mg/kg) administered s.c.
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The exptl. combined chemo- and endocrino-therapy with UFT and tamoxifen (TAM) on two human breast carcinoma xenografts, R-27 
and Br-10 with estrogen receptors (ER) serially transplanted into nude mice was investigated.  When s.c. inoculated tumor started the 
exponential growth, the treatments were initiated in four groups which were control UFT 20 mg/kg (as tegafur) po daily for 18 times, 
TAM 5 mg/kg i.m. twice a week for 6 times and UFT + TAM groups.  The antitumor activity of the agents were assessed by the growth 
curves, the lowest T/C ratios of the relative mean tumor wt. and the actual tumor wts. at the end of the expts.  TAM alone was 
effective on both R-27 and ineffective on Br-10, while UFT alone was ineffective on R-27 and Br-10.  The combination antitumor 
activity was obsd. in R-27 but not in Br-10.  When 5 mg of TAM per kg and 20 mg of UFT per kg as tegafur was administered daily po 
for 2 wk, there were no statistically significant differences between the concn. of 5-FU in UFT alone and UFT + TAM groups for the two 
strains.  By the assay of ER and progesterone receptors using the same specimen, it was obsd. that ER was stable by the treatment 
of UFT, while ER was suppressed by the treatment of TAM in both tumor strains.  In addn., this suppression of ER by TAM alone was 
enhanced by the combined treatment with UFT in both the strains.  Although these changes of hormone receptors by UFT and TAM 
could not explain the different sensitivity of R-27 and Br-10 to the combination therapy of UFT and TAM, this enhancement of 
hormone receptors by UFT and TAM might be one of the mechanisms for the combined antitumor activity of UFT and TAM.
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Our previous short-term study has shown that 10% flaxseed (FS) inhibits the growth of human estrogen dependent 
estrogen receptor positive breast tumors (MCF-7) xenografts in ovariectomized (OVX) athymic mice and enhances the 
tumor inhibitory effect of tamoxifen (TAM).  This study determined the long-term effect of 5% and 10% FS, with or 
without TAM, on the growth of MCF-7 xenografts in athymic mice and the potential mechanisms of actions.  OVX mice 
with established MCF-7 tumors were treated with basal diet (control), 5% FS (5FS), 10% FS (10FS), and TAM (5 mg/pellet, 
60-day release), alone or in combination, for 16 wk without estrogen supplementation.  Tumor growth was monitored 
weekly.  At sacrifice, the tumors were analyzed by immunohistochemistry for cell proliferation, apoptosis, and expression 
of estrogen-related genes and signal transduction pathways.  Both 5FS and 10FS regressed the pretreatment tumor size 
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The effects of medrogestone  [977-79-7], gestonorone  [2137-18-0], tamoxifen  [10540-29-1], and estradiol (I)  [50-28-2] were studied 
on xenotransplanted human ovarian carcinomas in nude mice and the effect correlated with the presence or absence of steroid 
receptors.  Growth of transplanted tumor was independent of the sex of the recipient.  Medrogestone increased the growth rate of 
transplanted tumor independently of the presence of steroid receptor.  Tamoxifen and gestonorone produced variable results and had 
no effect, resp.  I affected tumor growth in an estrogen receptor-dependent manner.  In receptor pos. tumors, I decreased growth 
whereas in estrogen receptor neg. tumors it increased growth.  Evidently, hormonal treatment is less effective than cytotoxic 
chemotherapy for ovarian carcinoma xenotransplanted to nude mice.  
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Twenty-four nude mice bearing MCF-7 breast cancer cells grown as xenografts and treated with tamoxifen (2.5 mg 
slow-release pellet) were studied for up to 35 days.  Tumour size was measured in 2 dimensions at regular time-intervals 
and tumours were harvested on each of days 2, 4, 7, 14, 28 and 35 after the start of treatment.  Control animals (8) 
received no treatment and the tumours were harvested after 0 or 35 days.  Tumour sections were assessed for 
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OBJECTIVES: To evaluate estrogen receptors as a therapeutic target for human bladder cancer.  METHODS: The ability 
of the selective estrogen receptor modulators (SERMs) tamoxifen and raloxifene to inhibit 5637 human transitional cell 
carcinoma cell proliferation was determined in vitro and in xenograft studies using 5637 cells in female athymic BALB/c 
nu/nu mice.  RESULTS: Treatment with tamoxifen, raloxifene, or the pure antiestrogen ICI 182,780 inhibited proliferation 
of 5637 cells in vitro.  In the first xenograft study, raloxifene (10, 100, or 1000 microg/day) administered by oral gavage 
inhibited the growth of tumors compared with placebo or untreated controls (P <0.05).  In a second experiment, tamoxifen 
(8.3, 125, or 1250 microg/day) delivered by time-release pellet inhibited tumor growth compared with placebo-treated 
controls (P <0.01).  A comparison study in which tamoxifen (8.3 or 125 microg/day) or raloxifene (100 microg/day) was 
administered by slow-release pellet demonstrated that both SERMs reduced growth compared to placebo-treated controls 
(P <0.05), with comparable effectiveness.  There was no detectable tumor in 17 of 30 treated mice.  In all studies, 
average tumor volumes in SERM-treated animals declined over the course of treatment.  CONCLUSIONS: Selective 
estrogen receptor modulators inhibit the growth of 5637 transitional cell carcinoma cell xenografts, supporting the rationale 
to evaluate these agents as targeted therapeutics for patients with urothelial carcinoma.
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by over 90% similar to control.  TAM initially regressed the tumors but then induced a regrowth; thus, only a final 6% 
reduction from pretreatment tumor size was achieved, which was attenuated by combining TAM with 10FS but not with 
5FS.  TAM combined with 10FS regressed tumors to 55% of pretreatment tumor size due to decreased cell proliferation 
and increased apoptosis.  The expressions of cyclin D1, estrogen receptor alpha, human epidermal growth factor receptor 
2, and insulin-like growth factor I receptor in the TAM group were significantly reduced when TAM was combined with 5FS 
or 10FS.  In conclusion, after long-term treatment, FS did not stimulate tumor growth and combined with TAM, regressed 
tumor size in part due to downregulation of the expression of estrogen-related gene products and signal transduction 
pathways.
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 The method can identify broad patterns of expression alteration and, based on a small simulation study, will likely 
provide reasonable power to detect moderate-sized alterations in clinically relevant genes.

BACKGROUND: Although the emerging complementary DNA (cDNA) array technology holds great promise to discern 
complex patterns of gene expression, its novelty means that there are no well-established standards to guide analysis 
and interpretation of the data that it produces.  We have used preliminary data generated with the CLONTECH Atlas 
human cDNA array to develop a practical approach to the statistical analysis of these data by studying changes in gene 
expression during the development of acquired tamoxifen resistance in breast cancer.  METHODS: For hybridization to 
the array, we prepared RNA from MCF-7 human breast cell tumors, isolated from our athymic nude mouse xenograft 
model of acquired tamoxifen resistance during estrogen-stimulated, tamoxifen-sensitive, and tamoxifen-resistant growth.  
Principal components analysis was used to identify genes with altered expression.  RESULTS AND CONCLUSIONS: 
Principal components analysis yielded three principal components that are interpreted as 1) the average level of gene 
expression, 2) the difference between estrogen-stimulated gene expression and the average of tamoxifen-sensitive and 
tamoxifen-resistant gene expression, and 3) the difference between tamoxifen-sensitive and tamoxifen-resistant gene 
expression.  A bivariate (second and third principal components) 99% prediction region was used to identify outlier genes 
that exhibit altered expression.  Two representative outlier genes, erk-2 and HSF-1 (heat shock transcription factor-1), 
were chosen for confirmatory study, and their predicted relative expression levels were confirmed in western blot 
analysis, suggesting that semiquantitative estimates are possible with array technology.  IMPLICATIONS: Principal 
components analysis provides a useful and practical method to analyze gene expression data from a cDNA array.
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 In this hormone-sensitive tumour model for breast cancer, in which tamoxifen caused inhibition rather than regression, it 
was not possible to detect significant changes in the marker proteins Ki(67)and bcl-2, or in the prevalence of mitosis in 
relation to treatment; these factors may therefore not be accurate indices of response to tamoxifen in all situations.  By 
contrast, however, tamoxifen induced a significant, early increase in the prevalence of apoptosis associated with 
inhibition of tumour growth and an inverse relationship in both mitosis and bcl-2 expression, suggesting that apoptosis 
may be an accurate and sensitive early marker of even a moderate response to tamoxifen.

prevalence of apoptosis and mitosis and examined immunocytochemically for Ki(67)(MIB-1) and bcl-2 expression.  
Tumours increased in size during tamoxifen-treatment, but at a significantly slower rate (max. 2.6-fold) than in the 
untreated control animals; thus tumours not actually regressing may, nevertheless, be responding significantly to 
tamoxifen.  MIB-1 and bcl-2 immunostaining and mitosis failed to show any consistent change over the period of study.  
Apoptosis, however, increased progressively and significantly to day-28 in tamoxifen-treated tumours, reaching 
approximately a 5-fold increase over day-0 values, then decreasing again to nearly 3-fold by day-35 (P= 0.0002).  The 
apoptosis: mitosis ratio in treated tumours also increased to approximately 10-fold on day-28 over day-0 values, 
decreasing to nearly 4-fold by day-35 (P= 0.037).  Within the treated group, apoptosis was significantly inversely 
correlated with both mitosis (R = -0.38, P= 0.03) and expression of bcl-2 (R = -0.48, P= 0.0056) and strongly positively 
correlated with both time on tamoxifen (R = +0.63, P= 0.0003) and the % inhibition of growth by tamoxifen (R = +0.58,P = 
0.0012) in the 28 individual, treated tumours (estimated relative to the mean growth rate in the controls).  The apoptosis: 
mitosis ratio was also inversely correlated with bcl-2 expression (R = -0.56, P= 0.0021) and positively correlated with both 
time on tamoxifen (R = +0.50, P= 0.0068) and % inhibition of growth (R = +0.56, P= 0.0019).
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The antitumor effect of combined chemoendocrine therapy with tamoxifen (TAM) and 5-fluorouracil (5-FU) on breast 
carcinoma xenograft (R-27), serially transplanted into the nude mice, was examined from the aspect of estrogen 
receptors (ER) and cytological features.  The mice were given 6 intramuscular injections of TAM (5mg/kg) at 3-day 
intervals (TAM group), 3 intraperitoneal injections of 5-FU (60 mg/kg) at 4-day intervals ((5-FU group), or a combination of 
the two drugs (combined group).  When the tumor was resected on 21 days after the initial treatment, the ER were 
assayed and %S was determined by flowcytometry.  Furthermore, proliferative cell nuclear antigen (PCNA) was stained, 
and the stained cells were counted.  A synergistic antitumor effect of TAN and 5-FU was found in mice given combined 
therapy.  Reduction in the ER level was more marked in this group than in the others, but there were no significant 
differences in the %S value or the ratio of PCNA positive cells among the three treated groups.  These results suggest 
that the combined effect of TAM and 5-FU has no relation to the inhibition of DNA synthesis.
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We have previously shown that estrogen and progestins regulate both cellular proliferation and transforming growth factor 
(TGF) expression in human endometrial adenocarcinoma cells in vitro.  In the current study we examined the regulation of 
TGF-alpha and -beta 1 expression in endometrial adenocarcinoma xenografts.  Four human endometrial adenocarcinoma 
cell lines were inoculated into female BALB/c nude mice.  Administration of 17 beta-estradiol (E2) increased tumor size in 
intact mice inoculated with Ishikawa, HEC-50 and HEC-1B cells but inhibited growth of HEC-1A xenografts. 4-Hydroxy 
tamoxifen (OH-Tam) had similar effects to E2 in animals carrying Ishikawa and HEC-1A cell xenografts but had no 
significant effect on growth of HEC-50 or HEC-1B xenografts.  In intact mice inoculated with OH-Tam pellets and 
Ishikawa cells, the tumors were larger and had lower levels of TGF-alpha mRNA than in untreated or E2 treated mice.  In 
mice carrying Ishikawa, HEC-50 and HEC-1B cell xenografts none of the hormones or agents tested altered TGF-beta 1 
mRNA levels.  In contrast, both E2 and OH-Tam significantly increased xenografts TGF-beta 1 mRNA levels in HEC-1A 
xenografts as well as significantly reduced tumor size.  Medroxyprogesterone acetate (MPA) had no effect on tumor size 
of Ishikawa, HEC-1A and HEC-1B cell cell xenografts but significantly increased the size of HEC-50 xenografts.  MPA 
significantly reduced TGF-alpha expression in Ishikawa cell xenografts but had no effect in the other cell xenografts.  
MPA had no effect on TGF-beta 1 expression in any of the xenografts.  These observations demonstrate a discordance 
between the hormonal effects on TGF expression and cellular proliferation and argue against a major role for the TGFs in 
regulation of human endometrial adenocarcinoma cell proliferation in vivo.
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Transforming growth factor-beta 1 (TGF-beta 1) is inhibitory for breast epithelial cells in vitro and treatment of breast 
cancer cell lines with tamoxifen results in a rise in TGF-beta 1 mRNA expression with associated inhibition of cell growth.  
To study whether these findings apply in vivo we examined TGF-beta 1 mRNA expression in an oestrogen-dependent 
mouse xenograft system following systemic treatment of the mice with tamoxifen.  In agreement with in vitro studies.  
TGF-beta 1 mRNA expression was sustained at high levels and associated with a reduction in tumour size.  A subsequent 
study of breast tumour tissue from 56 patients demonstrated high levels of TGF-beta 1 mRNA in 45 of the tumours.  
High expression was found to correlate with premenopausal status, but not with tumour oestrogen receptor content or 
other parameters.  In a subgroup of 11 patients who had received tamoxifen therapy for 3 to 6 months prior to surgery, 
unexpectedly high levels of TGF-beta 1 mRNA were demonstrated in tumours increasing in size and unresponsive to 
tamoxifen.  Data from this study indicate that in patients with breast cancer, TGF-beta 1 in the tumour may not behave 
as in vitro and xenograft studies have suggested.  We speculate that failure of tamoxifen therapy may be due to failure 
of the autocrine inhibitory functions of TGF-beta 1 either alone or in combination with paracrine stimulation of stromal cells 
or angiogenesis and localised immunosuppression.  Further studies of active TGF-beta 1, TGF-beta receptors and the 
interactions with other growth factors will be required to elucidate the precise role of TGF-beta 1 in human breast cancer 
and in the failure of tamoxifen therapy.
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The exact knowledge of hormone receptor status is critical for therapeutic strategies in hormone-dependent tumors.  The 
influence of tamoxifen on estrogen receptor concentration has to be taken into account when evaluating results in 
tamoxifen-treated patients.  We studied the receptor modulation of tumors xenotransplanted into nude mice (one breast 
and one endometrial carcinoma) after injection of 50 micrograms tamoxifen/mouse.  To differentiate between unoccupied 
and occupied receptors, determinations were done by an enzyme immunoassay for the estrogen receptor under low- and 
high-salt extraction.  With low-salt extraction we found a temporary decrease of the estrogen receptor concentration within 
the first hours after tamoxifen treatment.  This decrease lasted for several days before recovery to pretreatment levels 
occurred.  The hormone-receptor complexes, tightly bound to acceptor sites of the DNA, increased more than 15 times 
within 24 h.  These values remained at increased levels for 2-7 days, after which a decrease to initial level was observed.
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The knowledge that (1) the normal thyroid contains somatostatin, (2) polypeptide growth factors influence thyroid cell 
function, and (3) thyroid cells contain steroid hormone receptors prompted us to add somatostatin analogue No. 201-995 
(SMS) (5 ng/ml) and/or tamoxifen citrate (TAM) (5 mumol/L) to 7-day monolayer cultures (50,000 cells/well) of three 
separate human thyroid carcinoma cell lines: DR081 (medullary), WR082 (follicular), and NPA'87 (papillary).  Results, 
tabulated as cell numbers/well (X10(5) on day 7, revealed that TAM inhibited growth of medullary and follicular cells and 
that TAM plus SMS inhibited growth of papillary cells.  In vivo studies of subcutaneous tumor cell xenografts in nude mice 
have documented that TAM (5 mg subcutaneous pellet) significantly inhibits the growth of medullary implants.  Flow 
cytometric DNA studies of medullary cell cultures demonstrated a reduced G2 + M phase with TAM treatment.  For 
papillary cell implants, TAM plus SMS (5 micrograms subcutaneously, twice daily) did not suppress tumor growth.  All 
three cell lines were negative for estrogen receptor; addition of estradiol (5 ng/ml) to medullary cell cultures neither 
stimulated replication nor reversed the inhibitory effects of TAM in vitro.  We conclude that (1) TAM slowed the growth of 
a cell line of human medullary carcinoma, both in vitro and in vivo; (2) this effect was not reversed by estradiol; (3) TAM 
plus SMS inhibited replication of a papillary carcinoma cell line in vitro, but not in vivo; and (4) TAM alone and TAM plus 
SMS inhibited replication of cultures of a human follicular thyroid carcinoma cell line.  TAM and SMS may be useful in 
treatment of some human thyroid carcinomas.
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