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Abstract
Introduction: Triple-negative breast cancer (TNBC) is a sub-class of breast cancer that is deficiency of progesterone
receptor (PR), estrogen receptor (ER) and human epidermal growth factor receptor 2 (HER2), which is often highly
malignant and lacks effective treatment. Recent studies revealed that an isoform of estrogen receptor-alpha, ER-α36,
is expressed in TNBC and plays a positive role in TNBC growth. ER-α36 forms a positive regulatory loop with epidermal
growth factor receptor (EGFR). Thus, the ER-α36/EGFR signaling loop is a potential target for development of novel
therapeutic agents for TNBC. In this report, we assessed the effects of wogonin, a naturally flavone derivative purified
from the root of Scutellaria baicalensis Georgi, on the ER-α36 and EGFR regulatory loop and the growth of TNBC cells.
Methods: Cell growth assay was used to assess the effects of wogonin on growth of TNBC cells stimulated by
estrogen and EGF. Western blot analysis was used to examine the molecular action of wogonin.
Results: Our study indicated that wogonin down-regulated the ER-α36/EGFR regulatory loop, and inhibited growth
of TNBC MDA-MB-436 and MDA-MB-231 cells. We also found that wogonin conferred TNBC cells sensitivity to antiestrogen tamoxifen.
Conclusions: Our results suggested that wogonin is the first agent identified to target the ER-α36/EGFR regulatory
loop and suggested that targeting the ER-α36/EGFR signaling loop is a novel approach to overcome the tamoxifen
insensitivity of TNBC.
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Introduction
Triple-negative breast cancer is a subtype of human
J Pharm Sci Therap, 5(1): 336-346 (2019)

breast cancer that is devoid of estrogen receptor (ER),
progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2) and that constitutes
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approximately 15% of breast cancers with a malignant
feature of higher relapse rates and shorter overall
survival compared to other subtypes of breast cancer
[1-3]. Since lack of necessary targets such as ER and
HER2, TNBC is refractory to HER2-targeted therapies
as well as hormonal therapies such as tamoxifen and
aromatase inhibitors [4,5]. Considering the severe
cell toxicity, side effects and poor responses of
conventional chemotherapies, a more effective and
less toxic therapeutic approach is urgently needed.
In 2005, our laboratory identified and cloned a 36
kDa isoform of ER-α known as ER-α36. ER-α36 is devoid
of the activation function AF-1 and AF-2 domains but
retains the DNA-binding domain, partial dimerization
and ligand-binding domains of ER-α. ER-α36 mediates
the rapid estrogen signaling, such as activation of the
MAPK/ERK and the PI3K/AKT signaling pathways [6,7].
Both ER-positive and -negative breast cancer and even
triple-negative breast cancer express ER-α36 [8-10].
Further study revealed that ER-α36 and EGFR forms
a positive regulatory loop that regulates each other’s
expression in TNBC cells; the promoter activity of ERα36 is activated by EGFR signaling and ER-α36 stabilizes
the steady state levels of EGFR protein [11]. We further
found that this signaling loop promotes the malignant
growth of TNBC cells [11]. Recent studies indicated that
ER-α36 mediates anti-estrogen resistance in breast
cancer and endometrial cancer cells [12,13]. Disruption
of ER-α36 expression restored tamoxifen sensitivity in
tamoxifen resistant breast cancer cells [14,15]. Thus, ERα36 provides a novel target to develop new promising
approaches to overcome tamoxifen resistance.
Wogonin (5,7-dihydroxy-8-methoxyflavanone) is an
extract from herbal remedy Scutellaria baicalensis Georgi
that is widely and historically used in Traditional Chinese
Medicine [16]. Previous studies have shown that wogonin
exerts a number of biological activities such as hepatoprotective [17], antithrombotic [18], anti-oxidant [19],
anti-inflammation [20], anti-bacteria [21], anti-viral [22]
and anti-cancer [23], Studies have also indicated that
wogonin exhibits anti-cancer activity in different kind of
cancer cells including breast cancer [24], leukemia [25],
osteosarcoma [26,27], bladder cancer [28], prostate
cancer [29] and hepatocellular carcinoma [30]. However,
the exact mechanisms underlying these activities have
not been fully elucidated.
In this research, we examined the effects of wogonin on
growth of TNBC cells and found that wogonin disrupted
J Pharm Sci Therap, 5(1): 336-346 (2019)

the positive regulatory loop of ER-α36/EGFR and
sensitized TNBC cells to tamoxifen. Our results suggested
a potential to develop wogonin into a novel therapeutic
agent for TNBC.

Materials and Methods
Chemicals and reagents
Wogonin (98% purity) was purchased from Aladdin
(W101155). First antibodies used: anti-EGFR (2232S)
phospho-ERK (#9106S) and anti-ERK (4695S) were from
Cell Signaling Technology (CST, USA), anti-ER-α (Sc-8002)
anti-cyclin D1 (Sc-8396) were from Santa Cruz Technology
(Santa Cruz, USA), anti-ER-α36 antibody was made by
Pacific Immunology Corp. (Ramona, CA). Anti-β-actin
(AF0003), anti-mouse (A0216) and anti-rabbit (A0208)
secondary horseradish peroxidase (HRP) were purchased
from Begotime (Beijing, China). Tamoxifen, 17β-estradiol
(E2), and dimethyl sulfoxide were purchased from SigmaAldrich (St. Louis, USA).

Cell culture and treatment
MDA-MB-231 and MDA-MB-436 cells (ATCC, USA)
were maintained in DMEN (Gibco, Thermo Fisher, USA)
supplemented with 10% FBS (Gibco) and 1% streptomycin/
penicillin at 37℃ in a 5% CO2 incubator. MDA-MB-231/
Sh36 and Vector control cells were established as
described before [9]. Before E2 and wogonin treatment,
cells were transferred to phenol red-free medium
with 2.5% charcoal-stripped fetal calf serum medium
(Thermo Scientific Hyclone, USA) and maintained for 24
hours. The concentration of 17β-estradiol (E2) was 0.1
nM corresponding to the physiological concentration
in premenopause women. For tamoxifen treatment,
wogonin was added together with tamoxifen.

Cell growth assay
Cells were seeded in 60 mm dishes at a final
concentration of 2×104 cells/dish with the phenol
red-free medium. After 24 hours, wogonin (indicated
concentrations) or vehicle (DMSO) were added. After
seven days of culture, cell numbers were determined
using the Countess®II Automated Cell Counter (Life
Technologies Corporation, USA).

Western blot assay
Cells were harvested and extracted on ice with the
RIPA buffer (Beyotime, China) containing 1% PMSF and
1% phosphatase inhibitor cocktail solution (Beyotime,
China). Cell lysates (~40 µg protein) were separated on a
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12% SDS-PAGE and electrophoresed to a polyvinylidene
fluoride (PVDF) membrane (Millipore, USA). The
membranes were blocked with 5% BSA 1 h, with the first
antibodies overnight at 4 ˚C, with secondary antibody for
1 h and developed using ECL Western-blotting Analysis
System (GE Healthcare, USA).

Statistical analysis
All assays were repeated three times. Data are
summarized as the means ± SEM, using the SPSS software
program for one representative experiment. The ANOVA
and paired-samples t-test were used and p<0.05 (*) was
accepted significance.

Results
Disruption of the ER-α36/EGFR signaling loop
attenuates growth of TNBC cells
Previously we reported that Broussoflavonol B, a
chemical purified from the bark of the Paper Mulberry
tree (Broussonetia papyrifera), downregulates ER-α36
expression and inhibits growth of TNBC MDA-MB-231
cells [31]. Since wogonin (Figure 1A) shares a core
chemical structure with Broussoflavonol B, we decided to
examine the effect of wogonin on ER-α36 expression. We
used the well characterized TNBC MDA-MB-436 and MDAMB-231 cells. Both cell lines express high levels of ER-α36
and EGFR but un-detectable level of the full-length ER-α
(Figure 1B). We also established sub-lines with knockeddown levels of ER-α36 expression by transfecting a shRNA
expression vector targeting the 3’UTR of ER-α36 [11]. The
cell lines transfected with an empty expression vector
were used as controls. In transfected cells, ER-α36 protein
expression was knocked-down more than 80% compared
with the control cells transfected with the empty vector
(Figure 1C). We also found that EGFR expression was also
decreased in the cells with knocked-down level of ER-α36
expression (Figure 1C). Both cell sub-lines with ER-α36
expression knocked-down by shRNA exhibited a much
slower cell growth compare to the control cells (Figure
1D). These results thus indicated that there is a positive
regulatory loop between ER-α36 and EGFR in TNBC cells
that is important for cell growth.
We then decided to examine whether wogonin
influences ER-α36 expression. The result revealed that in
both TNBC cell lines, wogonin treatment potently reduced
ER-α36 expression in a dose-dependent manner (Figure
2A&B). Previously, Zhang et al. reported that ER-α36 and
EGFR formed a positive regulatory loop in TNBC cells [11].
Thus, we also test whether wogonin down-regulates the
J Pharm Sci Therap, 5(1): 336-346 (2019)

steady state level of EGFR and found that wogonin indeed
reduced EGFR expression in both TNBC cell lines (Figure
2A&B). We then tested if wogonin effectively downregulates ER-α36 expression in ER-positive breast cancer
MCF7 cells that express trace amount of EGFR, and
found that wogonin was able to down regulated ER-α36
expression in MCF7 cells (Figure 2C). These results thus
indicated that wogonin was able to disrupt the positive
regulatory loop of ER-α36/EGFR possibly through ER-α36.

Wogonin inhibits the MAPK/ERK phosphorylation, cyclin D1 expression and growth of TNBC
cells
Since the positive regulatory loop of ER-α36 and EGFR
is important for malignant growth of TNBC cells [11],
we further examined whether wogonin influences the
MAPK/ERK phosphorylation and the downstream effector
cyclin D1 expression as well as cell growth in TNBC cells.
MDA-MB-436 and MDA-MB-231 cells were treated with
increasing concentrations of wogonin, and Western blot
analysis was conducted with the phosphorylation specific
anti-ERK antibody and the anti-cyclin D1 antibody. We
found that the levels of cyclin D1 and P-ERK expression
were decreased in wogonin-treated cells (Figure 3 A&B).
We then assessed the effect of wogonin on growth
of the TNBC cells. Cells were treated with different
concentrations of wogonin for seven days and then the
cell numbers were examined. We found that wogonin
strongly inhibited growth of these TNBC cells (Figure 3C).
Together, these results indicated that wogonin inhibited
growth of TNBC cells presumably through disruption of
the ER-α36/EGFR loop and attenuation of its downstream
signaling.

Wogonin inhibits mitogenic estrogen signaling
in TNBC cells
Since ER-α36-mediated rapid estrogen signaling
stimulates cell growth in TNBC cells [11], we decided
to examine whether wogonin is able to inhibit the cell
stimulatory activity of estrogen in TNBC cells. Western
blot analysis indicated that, consistent with our previous
report [11], estrogen was able to induce the MAPK/ERK
activation and cyclin D1 expression in TNBC cells, which
was potently suppressed by wogonin treatment (Figure
4A&B). In addition, wogonin reduced estrogen-stimulated
cell growth in these TNBC cells (Figure 4C), demonstrated
that wogonin is able to inhibit the growth stimulatory
estrogen signaling in TNBC cells presumably through
down-regulation of ER-α36 expression.
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A previous report manifested that ER-α36 mediates
rapid estrogen signaling via activation of the EGFR/Src/
ERK axis in TNBC cells [32]. Since wogonin decreased EGFR
expression in TNBC cells, we seek to examine whether
wogonin influences the EGFR-mediated mitogenic
signaling. Western blot analysis demonstrated that EGF
treatment induced the MAPK/ERK phosphorylation and
cyclin D1 expression in TNBC cells, which was suspended
by wogonin at a dose-dependent manner (Figure 5A&B).
We also found that wogonin suppressed EGF-stimulated
growth of TNBC cells (Figure 5C). At 5 µM, wogonin also
inhibited the basal level of cyclin D1 expression and cell
growth in these TNBC cells (Figure 5B&C), suggesting
that wogonin might also affect the mitogenic signaling
pathways mediated by signaling pathways other than
EGF.

Wogonin sensitizes TNBC cells to antiestrogen tamoxifen
Due to lack of ER-α expression, it is well known that
TNBC cells are refractory to antiestrogens such as
tamoxifen. However, it has been reported that high

concentrations of tamoxifen was able to inhibit growth
of TNBC cells [33,34]. The activation of different growth
factor signaling pathways has also been reported to confer
tamoxifen resistance presumably through bypassing the
estrogen signaling [35]. Recently, we reported that ERα36 is involved in both de novo and acquired tamoxifen
resistance [9,12], and disruption of the ER-α36/EGFR/
HER2 signaling loops restored tamoxifen sensitivity in
tamoxifen resistant breast cancer cells [14,15]. Thus,
we decided to examine if disruption of the ER-α36/EGFR
signaling loop sensitizes TNBC cells to tamoxifen. First,
we assessed the effect of tamoxifen on growth of TNBC
cells with different levels of ER-α36 expression. We found
that tamoxifen at 0.5 µM effectively attenuated growth of
TNBC cells with knocked-down level of ER-α36 expression
while without significant effect in the control cells (Figure
6A), suggesting the ER-α36/EGFR signaling loop is
involved in tamoxifen insensitivity of TNBC cells. We then
tested the effect of tamoxifen together with wogonin on
the growth of TNBC cells and found that tamoxifen and
wogonin synergistically inhibited growth of TNBC cells
(Figure 6B&C).

Figure 1: A. The chemical structure of wogonin. B. Western blot analysis of ER-α36, the 66kDa full-length ER-, ERα66 and EGFR expression in TNBC MDA-MB-231, MDA-MB-436 and ER-positive breast cancer MCF7 cells. C. Western
blot analysis of ER-α36 and EGFR expression in the TNBC cells with ER-α36 knockdown. All membranes were stripped
and re-probed with a β-actin antibody to ensure equal loading. D. Growth of the TNBC cells with ER-α36 knockdown
compared to the control cell transfected with the empty vector (V), * P＜0.05.Wogonin down-regulates the expression
levels of ER-α36 and EGFR proteins in TNBC cells
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Figure 2: Wogonin down regulates ER-α36 and EGFR expression. Western blot analysis of ER-α36 and EGFR expression in MDA-MB-231 cells (A) and MDA-MB-436 cells (B) treated with indicated concentrations of wogonin. Each column represents mean ± S.D. of three independent experiments compared to the control cells treated with vehicle (V)
* P＜0.05. C. Western blot analysis of ER-α36, ER-α66 and EGFR in ER-positive breast cancer MCF7 cells treated with
5µM wogonin. V, vehicle (DMSO) used to dissolve wogonin.

Figure 3: Wogonin inhibits the MAPK/ERK phosphorylation, cyclin D1 expression and growth of TNBC cells. Western
blot analysis of the ERK phosphorylation (A) and cyclin D1 expression (B) in TNBC cells. C. Effects of wogonin on the
growth of TNBC cells. Each point represents mean ± S.D. of three independent experiments. V, vehicle (DMSO) used
to dissolve wogonin.
J Pharm Sci Therap, 5(1): 336-346 (2019)
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Figure 4: Wogonin inhibits mitogenic estrogen signaling in TNBC cells. A. Western blot analysis of the MAPK/ERK
phosphorylation in the TNBC cells treated with17-estradiol (E2) alone or together with indicated concentrations of
wogonin. V, vehicle (DMSO) used. B. Western blot analysis of the cyclin D1 expression in the TNBC cells treated withE2
alone or together with indicated concentrations of wogonin. V, vehicle (DMSO) used. C. Growth of the TNBC cells treated withE2 alone or together with indicated concentrations of wogonin. Each point represents mean ± S.D. of three
independent experiments compared to the control groups treated with vehicle (V) * P＜0.05.Wogonin attenuates the
cell stimulatory activity of EGF signaling in TNBC cells

Figure 5: Wogonin attenuates the cell stimulatory activity of the EGF signaling in TNBC cells. A. Western blot analysis
of the MAPK/ERK phosphorylation in the TNBC cells treated with 10 ng/ml of EGF alone or together with indicated
concentrations of wogonin. V, vehicle (PBS) used. B. Western blot analysis of the cyclin D1 expression in the TNBC cells
treated with EGF alone or together with indicated concentrations of wogonin. V, vehicle (PBS) used. C. Growth of the
TNBC cells treated with EGF alone or together with indicated concentrations of wogonin. Each point represents mean
± S.D. of three independent experiments compared to the control groups treated with vehicle (V) * P＜0.05.
J Pharm Sci Therap, 5(1): 336-346 (2019)
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Figure 6: Wogonin sensitizes TNBC cells to tamoxifen.A. Growth of the TNBC cells with ER-α36 expression knockeddown in the presence of 0.5 M tamoxifen. * P＜0.05. B&C. Growth of TNBC cells treated with indicated concentrations
of wogonin or tamoxifen alone and together. Each point represents mean ± S.D. of three independent experiments
compared to the control cells treated with vehicle (V) * P＜0.05.

Discussion
Here, we demonstrated that a novel anti-tumor
agent wogonin inhibited the growth of TNBC cells and
effectively down-regulated the protein levels of both ERα36 and EGFR. We also observed that wogonin strongly
reduced the cell stimulatory activities of estrogen-and
EGF-signaling in these TNBC cells. Wogonin was also able
to sensitize TNBC cells to anti-estrogen tamoxifen.
Accumulating evidences demonstrated the antitumor activities of wogonin, an extract from Scutelaria
baicalensis, in a number of different cancer cells both in
vivo and in vitro through influencing different signaling
pathways [16]. In this study, we observed that wogonin
down regulated the steady state levels of ER-α36 and
EGFR proteins, which is in good agreement with the
previous report that wogonin was able to reduce EGFR
phosphorylation and expression in breast cancer cells
and hepatocellular cells [36-38]. Previously, we found the
existence of a positive regulatory loop between ER-α36
and EGFR in TNBC cells [11]. In these cells, knockdown of
ER-α36 expression enhances EGFR protein degradation
through the proteasome system while the EGFR signaling
pathway up-regulates the promoter activity of ER-α36
through an Ap1 binding site in the 5’ flanking region of
ER-α36 gene [11]. Our findings that wogonin effectively
J Pharm Sci Therap, 5(1): 336-346 (2019)

down-regulated ER-α36 expression in ER-positive MCF7
cells that express very low level of EGFR suggested that
ER-α36 is one of the primary targets of wogonin in TNBC
cells. We performed the AutoDock assay and found that
wogonin is able to bind ER-α36, and forms hydrogen
bonds with the Glu 180 in the helix 2 (Supplemental
Figure 1). In future, we will try to obtain active ER-α36
protein and to perform the ligand-binding assay to
directly determine the binding of wogonin to ER-α36. It is
also worth noting that wogonin also downregulates the
full-length ER-α expression in ER-positive breast cancer
cells [38]. Previously, we reported that the well-known
ER-α disruptor ICI 182,780 failed to degrade ER-α36 [39].
Thus, it is possible that wogonin represents a novel type
of estrogen receptor disruptor that is able to disrupt both
ER-α and ER-α36.
Tamoxifen as an anti-estrogen is widely used
for endocrine therapy of ER-positive breast cancer.
Tamoxifen has been confirmed to lessen recrudescence,
mortality rates and risk of contralateral breast cancer.
However, patients often develop resistance to tamoxifen,
which limit its effectiveness [40-43]. Many researches
were conducted to understand the molecular pathways
involved in tamoxifen resistance and have revealed
that multiple signaling molecules and pathways such
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as EGFR and HER2 [43,44]. All these signaling pathways
often bypass the requirement of estrogen signaling for
growth of ER-positive breast cancer cells. Unfortunately,
tamoxifen often fails to influence growth of TNBC that
lacks ER-α expression. Previously, it has been reported
that tamoxifen at high concentrations (>15 µM) induced
apoptotic cell death in ER-negative breast cancer cells [3335]. Here, we found that tamoxifen at 0.5 µM effectively
reduced growth of the TNBC cells with knocked-down
level of ER-α36, suggesting that the ER-α36/EGFR
signaling loop is involved in tamoxifen resistance of
TNBC cells. Disruption of the ER-α36/EGFR signaling loop
by wogonin sensitizes TNBC cells to tamoxifen, indicating
the synergistic effect of wogonin in combination with
tamoxifen.
The MAPK/ERK signaling positively regulates cell
growth [45]. Previously, we reported that ER-α36 through
activation of the MAPK/ERK mediates the mitogenic
estrogen signaling in TNBC cells [11]. In this work, we
demonstrated that wogonin was able to attenuate the
activation of MAPK/ERK signaling induced by estrogen
and EGF in TNBC MDA-MB-231 and MDA-MB-436 cells
presumably through down-regulation of ER-α36 and
EGFR expression in TNBC cells.
Cyclin D1 serves as an important factor to promote
the cell cycle [46] and is a downstream effector of the
estrogen and EGF signaling pathways. Induction of
cyclin D1 expression by both estrogen and EGF signaling
pathways stimulates cell growth via encouraging cell cycle
progression through the G1 phase [46]. In this study,
we found that wogonin decreased the estrogen-and
EGF-induced cyclin D1 expression, pointing that down
regulation of cyclin D1 expression is one of the molecular
events of wogonin action in TNBC cells.

Conclusions
Minimizing the side effects during TNBC treatment
while enhancing therapeutic activity is a top priority.
Our study here revealed that wogonin disrupted the ERα36/EGFR signaling loop in TNBC cells, which leads to
inhibition of estrogen-and EGFR-stimulated cell growth in
TNBC. Our study also demonstrated that combination of
tamoxifen and wogonin effectively suppressed growth of
TNBC cells, which opens a new prospective for wogonin
based clinical intervention of TNBC in the near future. It
is conceivable to consider that wogonin can be an ideal
candidate to enhance the effect of tamoxifen on TNBC
while reducing the dose needed.
J Pharm Sci Therap, 5(1): 336-346 (2019)
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Supplemental Figure 1: Docking of wogonin into the ER-a36 homology model. The optimal ER-a36 docked
structures of wogonin based on protein interactions as computed using AutoDock is shown and complimentary
residues on ER-a36 receptor model are also shown.
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