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Abstract. We investigated the role of the transcriptional
mediator subunit 23 (MED23) in everolimus drug resistance,
invasion and metastasis during breast cancer treatment and its
molecular mechanism. We also evaluated the endocrinotherapy
and prevention method for breast cancer. Breast cancer
cell strains were established that can continuously express
MED?23, as well as inducible MED23-shRNA expression
plasmids. The inductive agent, doxycycline (Dox), was
added to the water for long-term silencing of MED23 in
intratumoral cells. We conducted experiments on the role of
MED?23 in the regulation of invasion and metastasis of breast
cancer using cell culture, western blotting, MTT proliferation
experiment, fluorescent quantitative PCR and chromatin
immunoprecipitation (ChIP). The silencing of MED23
significantly inhibited cellular growth and proliferation as
well as soft agar cloning. Silencing of MED23 strengthened
the sensitivity of the everolimus-resistant breast cancer
cell strains BT474 and MCF-7/ADM cells to everolimus
medication. The silencing of MED23, in combination with
everolimus, inhibits the cell cycle progress of breast cancer
cells. ChIP indicated that the mutual regulation of HER2 and
MED23 also participates in the formation of the everolimus
drug resistance mechanism. Therefore, MED23 plays an
important role in everolimus drug resistance, invasion,
and metastasis of breast cancer. As a potential molecular
therapeutic target of breast cancer, MED23 overcomes drug
resistance in clinical endocrinotherapy and controls the
distal relapse and metastasis in breast cancer by the targeted
silencing of MED23.

Introduction

Breast cancer is one of the most common malignant tumors
and can severely threaten the health and life of females (1).

Correspondence to: Dr Hongzhi Sun, Department of General
Surgery, The First Affiliated Hospital of Jinzhou Medical University,
2 Renmin Street, Jinzhou, Liaoning 121000, P.R. China

E-mail: sunhongzhil60720@163.com

Key words: breast cancer, MED23, everolimus, invasion, metastasis

In recent years, the incidence of breast cancer has been
increasing rapidly. Breast cancer has become the most lethal
malignant tumor in females around the world (2,3). With the
estrogen receptor (ER) as the target, the pure antiestrogenic
endocrinotherapy drug of everolimus plays an important role
in clinical treatment of breast cancer. However, the conse-
quent drug resistance considerably decreases its therapeutic
effects (4). Distal invasion and metastasis is the leading cause
of death of breast cancer patients (5). Endocrinotherapy drug
resistance and invasion and metastasis have become two
major challenges in the clinical treatment of breast cancer (6).
As a critical coactivator of ER, the transcriptional mediator
subunit 23 (MED23) plays a critical role in the ER-dependent
genetic expression and estrogen-dependent breast cancer
growth; it also participates in the formation of drug resis-
tance of tamoxifen, another endocrinotherapy drug. It is
closely associated with the poor prognosis of breast cancer
patients (7,8).

MED?23 is the original binding target of ER and it bonds to
ER through two LXXLL motifs on the N end. A bridge forms
between ER and RNA pol II participating in the regulation
of transcriptional activities of ER-dependent genes (9). As
a critical ER coactivator, MED23 is essential in the expres-
sion of the ER-dependent target genes and growth of the
estrogen-dependent breast cancer cells (10).

Everolimus is mainly used for the treatment of refractory
and metastatic breast cancer; it has a strong affinity with ER. It
can effectively inhibit ER transcriptional activity, degrade the
ER protein, and downregulate ER levels (11). Unfortunately,
drug resistance can occur in many patients during everolimus
treatment (12). The drug resistance of everolimus may be
associated with multiple signaling pathways (EGFR, HER2,
and ErbB3) of the growth factors, NF-kB signaling pathway,
Wnt/B-catenin signaling pathway, non-ER-dependent auto-
phagocytosis and microRNA. However, the mechanism of the
drug resistance of everolimus remains unclear (13,14).

Based on the establishment of silent MED23 breast cancer
cell strains, this study investigated the mechanism of MED23
in regulating drug resistance of everolimus in the treatment
of breast cancer and the mechanism of MED23 in regulating
the invasion and metastasis of breast cancer. We also assessed
the role of MED23 as a molecular therapy target with tissue
specificity, to overcome the drug resistance of MED23 in
endocrinotherapy for breast cancer in order to prevent and
control the distant relapse and metastasis of breast cancer by
the targeted silencing of MED23.
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Materials and methods

Cell culture. BT474 and MCF-7/ADM human breast cancer
cell strains and human embryonic kidney cells 293T were
purchased from American Type Culture Collection (Manassas,
VA,USA). Breast cancer cells were transfected with the EF1-luc
plasmid. The monoclonal cell strains (MCF-7/ADM-luc and
BT474-luc) that stably expressed the firefly luciferase were
screened with G418. Cells were cultured in the Dulbecco's
modified Eagle's medium (DMEM) (Sigma, St. Louis, MO,
USA) containing 10% fetal bovine serum (GE Healthcare
Life Sciences HyClone Laboratories, Logan, UT, USA) and
penicillin/streptomycin double antibodies and 5% CO, at
37°C. The screening drug pwomycin (1 g/ ml) (Invitrogen
Life Technologies, Carlsbad, CA, USA) was added to maintain
the genetic stability of positive colonies when the established
inducible stable cell strains were cultured.

Establishment of the pLKO-Tet-On-MED23/GFP shRNA
plasmid. The pLKO-Tet-On carrier vector was transformed
into competent E. coli cells, applied to an LB agar plate
(Sigma, Santa Clara, CA, USA) containing Amp, and allowed
to stand at 37°C. A total of 100 ul of competent cells (TOPIO0)
were placed in an ice bath. A total of 4 ul of pLKO-Tet-On was
added. The cells were gently well-mixed with a pipette. The
mixture was placed in an ice bath for 30 min (42°C, 90 sec)
and then placed in an ice bath for 5 min. A total of 500 ul of
LB culture medium (Thermo Fisher Scientific, Waltham, MA,
USA) was added and shaken at 37°C (300 x g) for 30 min. A
total of 100 ul of mixture was applied to the LB/Amp plate. It
was placed in a bacteriological incubator at 37°C overnight.
Monoclones were placed in the LB/Amp culture medium and
vibrated (300 x g) at 37°C overnight. The plasmid DNA was
extracted with the reagent kit. Enzyme digestion was performed
to verify the carrier. Tet-on sShRNA was used to sequence the
primers (GGACGGAGTATCTACCTATATCTGTTCAGA).
The established pLKO-Tet-On shRNA plasmid was entrusted
to GENEWIZ for verification of sequencing (15).

Packaging lentiviral vector system. The 293T cells were
seeded to a 10 cm culture dish and 20 ug pLKO-Tet-On
MED23 (or GFP) shRNA plasmid DNA, packaging plasmid
(lentivirus coat plasmid) psPAX2, 10 ug, envelope plasmid
(lentivirus membrane protein plasmid) pMD2.G, 6 ug and
water was added to make the volume 0.45 ml. A total of
50 ug of 2.5 M CacCl, was added and 0.5 ml of 2xHBS was
added, it was incubated for 5 min at room temperature. The
calcium phosphate-DNA sediment was added to the culture
dish. Cells were cultured overnight at 37°C in an environment
containing 5% CO,. The collected supernatant of all cells was
centrifuged at 1,500 x g for 10 min and filtered with a 0.45-ym
filter membrane to remove the sediment. It was centrifuged
in a 40 ml ultra-centrifuge tube (Beckman Coulter, Hamburg,
Germany) for 2 h at 8,000 x g at 4°C. A small volume of DMEM
(without serum and antibiotic) was dissolved to re-suspend the
virus (concentrated ~6-8-fold). Polybrene (final concentration
8 ug/ml) (Thermo Fisher Scientific) was added. The solution
was well mixed, packaged separately and stored at -80°C.
The selected stable cell strains were subject to phenotypic
detection.
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Western blotting. Cells were digested with a pancreatic enzyme
and collected in an EP tube. The cells were decomposed on ice
for protein extraction after the addition of appropriate amount
of RIPA buffer. The total protein concentration was detected
with the Bradford method. The lysis solution containing 50 ugd
and 5X protein loading buffer were mixed as per 4:1 and boiled
for protein denaturation. It was transferred to a membrane and
blocked for 1-2 h at room temperature after the addition of
protein and electrophoresis. The membrane was immersed in
the primary antibody diluted with TBST containing 5% BSA
(Abcam, Cambridge, UK) overnight. It was washed with TBST,
immersed in the HRP-marked secondary antibody (fluores-
cein isothiocyanate-conjugated donkey anti-rabbit; dilution,
1:200; cat. no. 711-475-152) diluted with TBST (1:5,000)
containing 5% skim milk powder (Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) and incubated at room temperature. It
was washed with TBST and developed with the ECL substrate
(Thermo Fisher Scientific). It was developed in an X-ray devel-
oping machine for photographic fixing (PROTEC, Hamburg,
Germany).

MTT cell proliferation experiment. After breast cancer cells
were subjected to appropriate treatment, the single-cell
suspension was inoculated into the 96-well microplate and
regularly cultured for 4 days in the presence or absence of 20 ul
5 mg/ml doxycycline (Dox). MTT (Sigma) was added to each
well. The culture was terminated after 4 h and the supernatant
was carefully pipetted and discarded. A total of 100 xl DMSO
was added to each well and horizontally shaken for 10 min
for complete dissolution of the crystals. The OD value of each
well was determined with the microplate reader (synergy II;
BioTek, Winooski, VT, USA) at a wavelength of 490 nm. A
cell growth curve was plotted with time as the independent
variable and the OD being the dependent variable after the OD
value of the blank control well was deducted.

Crystal violet staining. The colony formation ability of BT474
and MCF-7/ADM cells was detected. A total of 5x10° cells
were seeded in each well on a 12-well microplate. The cells
were incubated overnight at 37°C for adherence. Different
concentrations of drug were added to the experimental groups,
respectively. DMSO was added to the control group. Three
parallel wells were arranged in each group. The solution
was changed twice each week and the culture medium was
discarded after 10 days. The cells were washed twice with
PBS, fixed for 5 min after addition of appropriate amount of
methyl alcohol, and washed twice with PBS again. The water
was completely pipetted, air dried, covered with a crystal
violet solution, stained for 10 min, rinsed off with tap water,
washed with double distilled water, and observed under cx23
microscope (Olympus, Tokyo, Japan) for calculation of number
of colonies.

RNA extraction, reverse transcription, and fluorescent quan-
titative PCR. The total RNA in purified cells was extracted in
accordance with the instructions for the Qiagen RNA extrac-
tion kit (Qiagen, Hilden, Germany). The total RNA served as
the template. The oligo (dT) 20 primer and SuperScript™ III
reverse transcriptase (Invitrogen, Carlsbad, CA, USA) were
used to synthesize the first chain cDNA. PCR reaction cycle
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Figure 1. Screening of the inducible MED23 silent breast cancer cell strains. (A) Xhol single restriction enzyme digestion. (B) Expression of MED23 in
inducible breast cancer cell strains following Dox induction treatment. (C) Inducible breast cancer cell strains: Expression of MED23 at different points in time
after Dox induction. (D) Expression of MED23 after the inducible breast cancer cell strains were induced with Dox at different doses.

conditions: 1x: 50°C 2 min, 1x: 95°C 10 min, 42x: 95°C 12 sec;
58°C 40 sec; 72°C 45 sec, 1x (separated): 95°C 15 sec; 60°C
30 sec; 95°C 15 sec. The 2-AAcr method was used to compute
the relative mRNA expression of various standardized genes.
Respective GAPDH expression levels served as the internal
reference (16).

Chromatin immunoprecipitation (ChIP) experiment. The cells
were washed twice with pre-cooled PBS, removed, centrifuged,
incubated on ice after addition of lysis buffer, and diluted. The
supernatant was collected after the cells were crushed using
ultrasound. A total of 100 ul+5 ul of SM NaCl was used for
input control. The supernatant was subject to immunoprecipi-
tation. It was rotated for 2 h at 4°C after addition of salmon
sperm DNA2 pg+pre-immune serum 20 pl+proteinA sepha-
rose beads. A total of 25 ul of supernatant and appropriate
antibody (ER and MED23; Abcam, Cambridge, UK) were
rotated overnight at 4°C. A total of 30 ul of protein A sepharose
beads were rotated at 4°C for 4-6 h. The solution was centri-
fuged at 1,200 x g for 2 min and the supernatant was discarded.
After elution, the DNA was collected, purified with the DNA
purification kit (Qiagen, Berlin, Germany), stored at -20°C for
later use, or directly used for real-time PCR. The TEEI (pS2)
promoter primers used in the ChIP experiment are as follows:
Forward, 5-TACGAAACACTCCTGCAGTGAG-3'; reverse,
5-GATCGTTAGATCACATTAGCC-3..

Statistical analysis. All data were expressed as mean + standard
deviation. Two-tailed Student's t-tests were used for the
comparison of data between the two groups. The Dunn's post

hoc t-test of one-way analysis of variance (one-way ANOVA)
was used for the pairwise comparison of differences among
multiple groups. Inspection level 0=0.05, P<0.05 and P<0.01.

Results

Establishment of the shMED23/shGFP plasmid and
screening of the inducible MED23 silent breast cancer cell
strains. The pLKO-Tet-On shMED23/shGFP vector plasmid
was successfully established. In addition to the empty carrier
band, there were two shRNA oligo-bands at 200 bp and below
200 bp (Fig. 1A). Results of the induction experiments at
different points in time indicated that the effects of silencing
MED23 in inducible cell strains were satisfactory after they
were incubated with Dox for 4 days (Fig. 1B). The results of
the induction experiments at different doses of Dox indicated
that 5 yg/ml Dox was able to perfectly induce silencing of
MED23 (Fig. 1C). In consideration of the toxicity associated
with a high dose of Dox as well as observation of cell
morphology, an inductive dose of 10 yg/ml Dox and 7-day
incubation were used in subsequent experiments regarding
breast cancer cells.

Effect of silent MED23 on periodical growth of breast cancer
cells. Based on the distribution of the cell division cycles in
inducible breast cancer cells in the presence or absence of
Dox induction, we discovered that the number of cells that
entered the S stage decreased significantly after the silencing
of MED23 in BT474 and MCF-7/ADM inducible cells, which
is downregulated by Dox (P<0.05) (Fig. 2). These results
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Figure 2. Result of division of the breast cancer cells after the silent MED23 was induced by Dox. (A) On the left are the BT474 cells not induced by Dox; on
the right are the BT474 cells induced by Dox and the growth and proliferation were significant inhibited. (B) Bar graph of percentages of cells, the proportion
of the Dox-induced cells in the S stage decreased significantly (“P<0.01). (C and D) The growth and proliferation of the MCF-7/ADM cells induced by Dox

were significantly inhibited; the proportion of Dox-induced cells in the S stage decreased significantly (“P<0.01).
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Figure 3. Effect of silent MED23 on growth of breast cancer cells and colony formation. (A) MTT cell proliferation experiment for growth trend of the
Dox-induced BT474 cells. (B) Growth trend of MCF-7/ADM. (C) On the left is the comparison of crystal violet staining between the BT474 cells before
Dox induction and those after Dox induction; on the right is the quantitative analysis for the number of colonies. (D) Analysis of number of colonies in the

MCF-7/ADM cells ('P<0.05).

indicate that MED23 plays an essential role in cell division
cycles of breast cancer cells. The effect of MED23 silencing

on the cell cycles may be one of the mechanisms of inhibition
of growth in breast cancer cells.
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Figure 4. Correlation between silencing of everolimus and everolimus efficacy. (A and B) Silencing of MED23 strengthened the sensitivity of BT474 and
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MED23. (E) Silencing MED23 in combination with everolimus drug treatment significantly inhibited the expression of the HER2 gene in the two types of cell

lines (‘'P<0.05; “P<0.01).

Effects of silent MED23 on growth of the breast cancer cells
and colony formation. The MTT cell proliferation experiment
indicated that the growth of the Dox-induced Tet-shMED23
cells (BT474 and MCF-7/ADM) slowed down from the second
day (Fig. 3A and B). In addition, the colony formation ability
of breast cancer cells following Dox induction and MED23
silencing declined significantly (P<0.01; Fig. 3C and D).

Silencing MED23 strengthens the sensitivity of everolimus
and correlation with the HER2 pathway. BT474 cells were
subjected to Dox-induced silencing at different concentra-
tions. Silencing MED23 significantly decreased the number
of breast cancer cells when everolimus was administered
at concentrations of 0.1, 1, and 5 yuM (P<0.05). Everolimus,
at a concentration of 5 yM, and Dox induced silencing
of MED23 achieved the optimal result (P<0.01; Fig. 4A).
However, everolimus, at a concentration of 1 uM, and Dox
induced silencing also achieved a significant effect. The CHIP
experiment indicated that silencing MED23 led to a promo-
tion in the role of everolimus by inhibiting the expression
of the ER target gene (Fig. 4C and D). The ER target gene
was significantly inhibited by everolimus in the MCF-7/ADM
cells (P<0.01; Fig. 4D). The real-time PCR results show that
silencing of MED23 plays a role in the downregulation of
HER?2 expression under everolimus treatment (Fig. 4E).

Discussion

MED?23 is the original binding target of ER and a critical
ER coactivator. MED23 is essential in the expression of
ER-dependent reporter genes, endogenous downstream target
genes and growth of the estrogen-dependent breast cancer
cells (17). Multiple cell strains, that can induce silent expression
of MED23, are successfully screened by using the let-on carrier

for the establishment of Tet (or Dox)-induced MED23 shRNA
expression plasmid. The established inducible cell strains are
used to verify the effects of MED23 knockdown on the growth
of multiple types of breast cancer cell strains and ensure the reli-
ability of the newly-established inducible cell strains (18). The
expression of MED23 was significantly inhibited after these
inducible breast cancer cells are treated with Dox. The growth
of cells treated with Dox was found to decline significantly (19).
We have also found that MED23 knockdown significantly
arrests the mitosis cycle of the breast cancer cells (the number of
cells that enter the S stage decrease) (20). The regulatory effect
of MED23 on cell cycle may be one of the major mechanisms
that regulate its participation in the growth of breast cancer cells.

The drug resistance that arises from the long-term use of
everolimus frequently occurs in the treatment of patients with
breast cancer. This has become a big challenge in the clinical
treatment of breast cancer (21). Sufficient scientific evidence
is provided to reveal the role of MED23 in everolimus drug
sensitivity. This experiment has shown that silencing MED23
strengthens the sensitivity of the BT474 and MCF-7/ADM cells
of everolimus-resistant breast cancer cell strains to everolimus
medication and subsequently, its administration inhibits the
progress of the breast cancer cell cycle and the expression of
the endogenous target genes (22).

The present study indicates that the mutual regulation
between HER2 and MED23 plays a critical role in the
formation of drug resistance of everolimus in human breast
cancer cells (23). Effects on ER may be an important molecular
mechanism of MED23 in the participation in inducing drug
resistance to everolimus (24). The MED23 and HER?2 genes
are located on the same human chromosome and are both
amplified. MED23 is overexpressed in ~40-60% of human
breast cancer. Latest study has shown that the high MED23
expression levels are highly associated with poor prognosis
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of patients with breast cancer who receive endocrinotherapy.
MED23 participates in formation of drug resistance of
everolimus through mutual regulation with HER2 (25).
The present study demonstrates that MED23 participates in
the drug resistance of everolimus in endocrinotherapy, and
explains that MED23 plays an extensive role in the regulation
of the resistance of different types of endocrinotherapy drugs
in breast cancer, and suggests that MED23 can function as a
potential therapeutic target (sole or combined) to overcome the
drug resistance of endocrinotherapy (26).

In conclusion, the present study reveals the critical role of
MED?23 in the drug resistance of endocrinotherapy everolimus
and preliminarily explains its possible molecular mecha-
nisms (27). Silencing MED23 promotes the role of everolimus
treatment in the inhibition of the expression of the ER target
gene. The mutual regulation between HER2 and MED23
also participates in the drug resistance of everolimus (28). In
conclusion, as a promising potential tissue-specific molecular
therapeutic target, MED23 overcomes drug resistance in
clinical endocrinotherapy and prevents and controls the
distal relapse and metastasis of breast cancer by the targeted
silencing of MED23.
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