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• Breast cancer (BC) is leading cause of cancer death in females
• BC is a heterogeneous disease with three major subtypes: hormone (estrogen/progesterone) receptor-

                positive, HER2-positive, and triple-negative (estrogen, progesterone receptor and HER2-negative).
• Estrogen receptor (ER)-positive breast tumors comprise approximately 75% and depend on estrogen

signaling for growth and survival.
• Tamoxifen (TAM) is the most commonly used endocrine therapy in treatment of ER-positive breast cancer.
• TAM is a selective ER modulator and its active metabolite, 4-hydroxytamoxifen (4-OHT), acts as

an estrogen antagonist in breast cells that binds ER and blocks its activity to halt cell proliferation and
induce apoptosis.

• De novo or acquired resistance occurs in around 30% of all ER positive breast cancer, and tumor
recurrence is observed in many patients.

• Long-term administration of TAM may lead to serious side effects, such as fatigue, painful joints and
mood changes.

• In prior in vitro and in vivo studies, the BreastDefend (BD) (ecoNugenics, Santa Rosa, CA) formula
which contains medicinal mushrooms (Ganoderma lucidum, Coriolus versicolor, Phellinus linteus),
herbs (Curcuma longa, Scutellaria barbata, Astragalus membranaceus), and purified biologically
active components 3, 3’-diindolylmethane (DIM), and quercetin demonstrated activities against highly
invasive triple negative breast cancer cells (MDA-MB-231) through various mechanisms.

• Tamoxifen (TAM) has been widely used for the treatment of ER-positive breast cancer and its
combination with other therapies is being actively investigated to increase efficacy and decrease side
effects.

Study Purpose
• To evaluate the therapeutic potential of co-treatment with TAM and BreastDefend (BD) a dietary

supplement formula, in ER-positive human breast cancer.

BreastDefend Enhances Effect of Tamoxifen in Estrogen 
Receptor-Positive Human Breast Cancer In Vitro and In Vivo
Cheng S, Castillo V, Welty M, Alvarado M, Eliaz I, Temm CJ, Sandusky GE, Sliva D. BMC 
Complement Altern Med. 2017 Feb 16;17(1):115.

Background 

 BreastDefend (BD) sensitized estrogen receptor (ER)-positive human breast cancer cells to 4-
hydroxytamoxifen (4-OHT) / tamoxifen (TAM) treatment in vitro and in vivo promoting apoptosis and 
interfering with multiple pathways important for TAM resistance.

 BD with 4-OHT co-treatment leads to profound inhibition of cell proliferation and induction of apoptosis in 
human breast cancer cells.

 BD and TAM co-treatment significantly enhanced apoptosis, suppressed tumor growth, and reduced 
tumor weight in a xenograft model of human ER-positive breast cancer.



BreastDefend Enhances Effect of Tamoxifen in Estrogen Receptor-Positive Human Breast Cancer In Vitro and In Vivo

ovariectomized mice (4–5 weeks old), after one week, MCF-7 cells (5 × 106) suspension was 
subcutaneously implanted into both sides of the inguinal mammary fat pad. 17β-estradiol (E2) pellets 
(0.36 mg/pellet, 60-day release) were implanted into the right back between the ear and shoulder of 
all mice to permit tumors to form.

• Mice with palpable tumors (~60 mm3) were randomly assigned into four groups (n = 13): control,
TAM, BD and TAM+ BD (number of tumors 16–24 per group). TAM pellets (5 mg/pellet, 60-day
release) were implanted subcutaneously into the left back between the ear and shoulder. BD was
suspended in water and administered by intragastrical gavage 5 times per week with 100 mg kg−1
of body weight for additional 4 weeks.

• Tumor sizes were measured 3 times per week.
• Apoptosis in the viable tumor cell area was quantified by counting apoptotic bodies in four fields of

view (20 ×) by two independent observers (n= 5-10).
• Tumor tissues from xenograft mouse model were analyzed by immunohistochemistry with antibodies

against bRAF, Bcl-2, fibronectin, p21.

Results
        in vitro

• The combination of 4-hydroxytamoxifen (4-OHT) with BD led to profound inhibition of cell proliferation
and induction of apoptosis in MCF-7 cells.

• Microarray, western blot and immunohistochemistry analyses further demonstrate that the combination
treatment regulates expression of proteins involved with the regulation of apoptotic and TAM resistant
genes at the transcription and translation levels (Fig. 1).

• BD may reverse TAM resistance by enhanced inhibition of Bcl-2 and significant induction of p21,
which drives cells into apoptosis.

• Although anastrozole inhibited proliferation of MCF-7 cells by 6% and BD by 13%, their combination
suppressed proliferation by 39%, suggesting possible synergistic effect.

        in vivo
• The breast tumor xenograft experiments data confirmed the cell culture data, increased expression of

BRAF and p21 and decreased levels of Bcl-2 in tumors after the combined treatment in mouse after
29 days.

• TAM and BD co-treatment significantly enhanced apoptosis, suppressed tumor growth (Fig. 2), and
reduced tumor weight in a xenograft model of human ER-positive breast cancer.

(more)

• The molecular mechanism identified using RNA microarray analysis and western blotting.
• In addition, MCF-7 cells were treated with a combination of BD (10 μg/ml) and an aromatase

inhibitor anastrozole (40 μM) or their combinations for 48 hours.
        in vivo

• Human breast tumor xenograft experiments, using Nu/Nu immune-compromised female

        in vitro

• Cell proliferation and apoptosis determined in ER-positive human breast cancer cells MCF-7  treated
with TAM, BD, or the combination for 48 hour by MTT assay, quantitation of cytoplasmic histone-

                associated DNA fragments and expression of cleaved PARP, respectively. 

Study Design
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Summary
• BD sensitizes breast cancer cells to 4-OHT/TAM treatment in vitro and in vivo, promotes apoptosis,

interferes with multiple pathways important for TAM resistance and has potential in decrease TAM-
                induced side effects.

• TAM and BD co-treatment significantly enhanced apoptosis, suppressed tumor growth, and reduced
tumor weight in a xenograft model of human ER-positive breast cancer.

• BD could decrease future TAM resistance in the combination therapy in the originally anti-estrogen
responsive breast cancers.

• BD with in combination with an aromatase inhibitor, anastrozole showed a synergistic effect on
proliferation of MCF-7 cells.

• BD may be recommended as novel adjuvant preparation for patients with ER-positive breast cancer
undergoing conventional endocrine therapy.

Figure 1. Combination of 4-OHT with BD 
regulates expression of apoptosis related 
proteins. Quantitative data composed of all 
the experiments in MCF-7 cells with statistical 
analysis. Statistical analysis by ANOVA 
and Holm-Sidak. Different letters above bars 
indicate significant differences P < 0.05. The 
graphical data represent mean +/− SD.

Figure 2. Inhibition of human breast tumor 
growth by TAM, BD, and TAM and BD 
combination in vivo. During the treatment 
period, tumor sizes were measured 3 times 
per week. Statistical analysis by ANOVA 
and Holm-Sidak. *P < 0.05: control vs TAM, 
control vs. BD, control vs, BD + TAM. (n = 
16-24 tumors per group).
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