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ABSTRACT
Objective: Estrogen receptor–positive (ER+) breast and endometrial cancers are 
driven by estrogen-responsive transcriptional networks involving estrogen receptor 1 
(ESR1) and regulatory long non-coding RNAs. We investigated the dose-dependent 
effects of silibinin on cell behavior and ESR1/long intergenic non-coding RNA 00511 
(LINC00511) expression in ER+ cancer cell models.
Methods: MCF-7 breast cancer cells and Ishikawa endometrial cancer cells were 
exposed to graded concentrations of silibinin. Cell viability was assessed by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, wound 
closure by scratch (wound-healing) assay, and apoptosis by Annexin V/propidium 
iodide (PI) staining. ESR1 and LINC00511 transcript levels were quantified using 
reverse transcription quantitative polymerase chain reaction (RT-qPCR). Half-maximal 
inhibitory concentration (IC50) values were calculated from viability data.
Results: Lower silibinin concentrations increased cell viability and wound closure 
and were accompanied by higher ESR1 and LINC00511 expression. In contrast, higher 
concentrations suppressed ESR1 and LINC00511, reduced wound closure, and increased 
apoptosis. The IC50 values were 193 µM for MCF-7 cells and 263 µM for Ishikawa cells.
Conclusion: Silibinin elicited a biphasic, dose-dependent response in ER-positive 
breast and endometrial cancer cells. These findings suggest that the biological effects of 
silibinin in ER-positive tumor models should be interpreted in a dose-dependent context.
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Main Points

•	 Silibinin exhibited a biphasic, dose-dependent 
response in estrogen receptor–positive breast and 
endometrial cancer cell models.

•	 At low doses, silibinin showed estrogen-like effects, 
with increased ESR1 and LINC00511 expression and 
enhanced proliferative/migratory behavior.

•	 At higher doses, silibinin shifted toward anti-
proliferative and pro-apoptotic activity, accompanied 
by reduced ESR1 and LINC00511 expression.

•	 These findings emphasize the importance of dose-
aware interpretation when studying phytoestrogen 
exposure in hormone-responsive cancers.

INTRODUCTION
Breast and endometrial cancers frequently arise within 
hormone-regulated tissue contexts, and a large fraction of cases 
are driven by estrogen signaling [1-9]. Estrogens influence 
cellular programs by binding estrogen receptors (ERs), which 
then act as transcription factors and reconfigure gene expression 
to regulate proliferation, survival, and differentiation [3,10].

ESR1 encodes estrogen receptor alpha (ERα) and is a key 
determinant of estrogen responsiveness in ER+ breast and 
endometrial tumors [4,5,11]. Disruption of ESR1 signaling has 
been linked to metastatic behavior and resistance to endocrine 
therapies in hormone-dependent cancers [5,12]. In parallel with 
protein-coding gene regulation, ER pathways interact with long 
non-coding RNAs (lncRNAs), which can shape transcriptional 
output and oncogenic phenotypes [13-16].

Long intergenic non-coding RNA 00511 (LINC00511) is a 2.265 
kb lncRNA located at 17q24.3 that has been reported to promote 
tumor-related traits in multiple malignancies [17,18,20-22]. Prior 
studies suggest that LINC00511 may intersect with ESR1-linked 
networks and contribute to tumor progression and therapy-
related responses [17-18].

Phytoestrogens are plant-derived polyphenols that can modulate 
estrogen signaling because of structural and functional 
similarities to endogenous estrogens [23-27]. Silibinin, the 
major component of silymarin from Silybum marianum, has 
been investigated for anti-tumor activities across several models 
while also showing estrogen-like effects under some conditions 
[28,29].

Because such dual behavior can complicate interpretation in 
ER+ settings, we examined concentration-dependent effects of 
silibinin in MCF-7 and Ishikawa cells, focusing on viability, 
migration, apoptosis, and expression of ESR1 and LINC00511.

MATERIALS AND METHODS
Culturing of Cells
MCF-7 breast cancer cells (ECACC 86012803) and Ishikawa 
endometrial cancer cells (ECACC 99040201) were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM; Sigma-Aldrich, 
St. Louis, MO, USA; D6429) supplemented with 10% fetal 
bovine serum (Sigma-Aldrich, St. Louis, MO, USA; F7524), 4 
mM L-glutamine (Euroclone S.p.A., Pero, Italy; ECB3004D), 
and standard antibiotics as used routinely. Cells were maintained 
at 37°C in a humidified atmosphere of 5% CO₂ and passaged in 
25 cm² or 75 cm² flasks.

MTT Cytotoxicity Test
The cytotoxic and proliferative effects of silibinin were evaluated 
using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) viability assay. Cells were seeded into 96-
well plates at a density of 5 × 10³ cells per well in 200 µL of 
culture medium and incubated for 24 h to allow cell attachment. 
The cells were then treated with increasing concentrations of 
silibinin for an additional 24 h. After treatment, MTT reagent 
(Sigma-Aldrich, St. Louis, MO, USA; M5655; 20 µL per well) 
was added and the plates were incubated for 3 h at 37°C. The 
supernatants were carefully removed, and the resulting formazan 
crystals were dissolved in 100 µL dimethyl sulfoxide (DMSO). 
Absorbance was measured at 540 nm using a microplate reader 
(SpectraMax i3; Molecular Devices, San Jose, CA, USA). 
IC50 values were determined by log-linear interpolation of 
the dose–response data. Based on the viability profiles, 6 µM 
was selected as the low-dose condition because it produced the 
highest viability, whereas 100 µM was selected as the high-
dose condition because it reduced viability to approximately 
70% while preserving sufficient viable cells for downstream 
functional and molecular assays. MTT experiments were 
performed in triplicate wells per condition in each independent 
experiment.

Total RNA isolation
For RNA-based assays, cells were harvested after treatment by 
trypsinization and reseeded into 6-well plates at 5×10⁵ cells/
well. Total RNA was isolated using a commercial kit (Hybrid-R; 
GeneAll Biotechnology Co., Ltd., Seoul, South Korea) according 
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to the manufacturer’s protocol. In brief, cells were lysed with 
RiboEx (GeneAll Biotechnology Co., Ltd., Seoul, South Korea), 
phase-separated with chloroform, and the aqueous phase was 
loaded onto spin columns. Columns were washed sequentially 
with SW1 and RNW buffers and RNA was eluted in 100 µL 
RNase-free water. RNA concentration and purity were assessed 
with a Nanodrop-compatible spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA; Multiskan GO). Purified RNA 
was stored at −80°C until use.

RT-qPCR
Reverse transcription quantitative polymerase chain reaction 
(RT-qPCR) was performed to quantify ESR1 and LINC00511 
transcript levels. Total RNA was reverse-transcribed to cDNA, 
and qPCR was carried out using primer–probe assays for 
ESR1 (QIAGEN, Hilden, Germany), LINC00511 (QIAGEN, 
Hilden, Germany), and GAPDH (QIAGEN, Hilden, Germany). 
Reactions (25 µL) contained cDNA template, 2× master 
mix (Ampliqon A/S, Odense, Denmark; RealQ Plus Master 
Mix, A313402), assay reagents, and nuclease-free water. 
Amplification was performed on a CFX96 Touch real-time PCR 
system (Bio-Rad Laboratories, Hercules, CA, USA) under the 
following conditions: initial enzyme activation at 95°C for 15 
min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. 
GAPDH was used as the internal reference gene, and untreated 
samples served as the calibrator. Relative expression levels were 
calculated using the 2⁻ΔΔCt method [30]. RT-qPCR analyses 
were performed in three independent biological replicates, and 
each sample was analyzed in technical triplicate.

Wound-healing 
Cell motility was evaluated using a wound-healing assay. MCF-
7 and Ishikawa cells were seeded in 6-well plates at 5×10⁵ cells 
per well and allowed to reach a near-confluent monolayer. 
A linear scratch was created using a sterile pipette tip, and 
detached cells were removed by washing with phosphate-
buffered saline (PBS). Images were captured at 0 h using an 
inverted microscope (Leica DMI3000 B; Leica Microsystems, 
Wetzlar, Germany). Cells were then treated with silibinin, and 
wound areas were re-imaged after 24 h. Wound closure was 
quantified using ImageJ and expressed as the percentage of gap 
closure relative to baseline. The assay was performed in three 
independent experiments. Because wound closure over 24 h 
may reflect both migration and proliferation-related effects, the 
results were interpreted as a wound-closure readout rather than 
a migration-specific endpoint.

Annexin V assay
Apoptosis was determined by Annexin V–fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) staining followed 
by flow cytometry. Cells were seeded in 6-well plates (5×10⁵ cells/
well) and treated for 24 h. After collection, cells were centrifuged 
(1000 rpm, 5 min) and washed twice with phosphate-buffered 
saline (PBS; Becton, Dickinson and Company, Franklin Lakes, 
NJ, USA). The pellet was resuspended in 1× binding buffer 
(Becton, Dickinson and Company, Franklin Lakes, NJ, USA) to 
1×10⁶ cells/mL. 100 µL of suspension was stained with Annexin 
V-FITC (BD Pharmingen, Becton, Dickinson and Company, 
Franklin Lakes, NJ, USA; 556547; 5 µL) and PI (5 µL) for 15 min 
at room temperature in the dark, diluted with 400 µL binding 
buffer, and analyzed on a BD FACSCanto II cytometer (Becton, 
Dickinson and Company, Franklin Lakes, NJ, USA). Apoptosis 
assays were performed in three independent biological replicates.

Statistical Analysis
Data are presented as mean ± standard deviation (SD). For 
comparisons among multiple groups, one-way analysis of 
variance (ANOVA) followed by Tukey’s post-hoc test was used. 
Normality and homogeneity of variance were assessed using the 
Shapiro–Wilk and Levene’s tests, respectively. A two-sided p 
< 0.05 was considered statistically significant. Analyses were 
performed using IBM SPSS Statistics v26 (IBM Corp., Armonk, 
NY, USA).

RESULTS
Effects of Silibinin on Cell Viability and IC50 Values
Cell viability following 24 h of silibinin treatment was evaluated 
by the MTT assay over a broad concentration range (1.5, 3, 6, 
12.5, 25, 50, 100, 200, and 400 µM). Silibinin exposure resulted 
in a concentration-dependent decrease in cell viability relative 
to the control, with progressively stronger inhibitory effects at 
higher doses. The 24-h half-maximal inhibitory concentration 
(IC50) was calculated as 193 µM for MCF-7 cells and 263 µM 
for Ishikawa cells. Among the tested concentrations, 6 µM 
produced the highest viability and was therefore selected as 
the low-dose condition for subsequent analyses. In contrast, 
100 µM, which reduced viability to approximately 70%, was 
chosen as the high-dose condition, as it provided a biologically 
relevant level of growth inhibition while maintaining sufficient 
viable cells for reliable functional and molecular assays and 
minimizing nonspecific cytotoxic effects.
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Effects of Silibinin on ESR1 and LINC00511 Expression
Changes in ESR1 and LINC00511 expression in MCF-7 and 
Ishikawa cells were quantified by RT-qPCR following 24 h 
exposure to silibinin. Relative transcript levels were calculated 
using the 2⁻ΔΔCt method, with GAPDH serving as the internal 
reference gene and untreated cells used as the calibrator (control 
= 1). Cells were treated with 6 µM or 100 µM silibinin, and 
expression changes were reported as fold change relative to 
the control condition. Overall, silibinin elicited a clear dose-
dependent response in both ER+ models, characterized by 
increased expression at the lower concentration and marked 
suppression at the higher concentration for both ESR1 and 
LINC00511 (Table 1). 

Effects of Silibinin on Wound Closure
In MCF-7 cells, wound closure differed significantly among 
groups (p<0.001). Gap closure was reduced in the 100 µM group 
(5.9260 ± 4.8814) compared with the control (37.7647 ± 5.3902) 
(p<0.001), while the 6 µM group showed greater closure (42.0007 
± 4.1244) than the 100 µM condition (p<0.001) (Figure 1). In 
Ishikawa cells, group differences were also observed (p<0.010). 
Closure decreased at 100 µM (7.0917 ± 2.10389) versus control 
(28.0747 ± 5.28742) (p<0.010), and the 6 µM group exhibited 
higher closure than the 100 µM group (19.4467 ± 4.20582 vs 
7.0917 ± 2.10389; p<0.010) (Figure 1).

Effects of Silibinin on Apoptosis
Apoptosis rates differed significantly among MCF-7 groups 
(p<0.010). The 100 µM condition increased apoptosis (5.1333 ± 
1.05040) relative to control (0.6267 ± 0.3951) (p<0.010), whereas 
the 6 µM condition showed lower apoptosis than the 100 µM 
group (1.8133 ± 0.5608 vs 5.1333 ± 1.05040; p<0.010) (Figure 
2). In Ishikawa cells, apoptosis increased at 100 µM compared 
with control (5.5333 ± 0.9074 vs 1.0333 ± 0.6429; p<0.001) and 
decreased at 6 µM compared with 100 µM (1.8334 ± 0.2517 vs 
5.5333 ± 0.9074; p<0.010) (Figure 2).

DISCUSSION
The present study demonstrates that silibinin exerts a biphasic, 
concentration-dependent effect in ER-positive breast and 
endometrial cancer cells. Low-dose exposure was associated 
with increased viability, greater wound closure, and higher ESR1 
and LINC00511 expression, whereas high-dose exposure was 
associated with reduced wound closure, increased apoptosis, 
and lower transcript levels. These findings suggest that silibinin 
may differentially influence cellular behavior depending on 
concentration in hormone-responsive cancer models.

Estrogen signaling is a central determinant of cellular behavior in 
many breast and endometrial tumors, and ESR1 plays a key role 
in coordinating estrogen-responsive transcriptional programs 
[3-5,8-11]. In parallel, LINC00511 has been implicated in tumor 
progression, proliferation, and therapy-related responses in 
several malignancies [17-21]. In this context, the concurrent 
modulation of ESR1 and LINC00511 observed in the present 
study may reflect concentration-dependent interactions between 
silibinin exposure and estrogen-responsive transcriptional 
networks.

The biphasic pattern observed here may be interpreted in 
light of the phytoestrogen-like properties of silibinin. At 
lower concentrations, silibinin may support partial estrogen-
responsive or pro-survival signaling in ER-positive cells, 
whereas at higher concentrations it may shift the cellular 
response toward anti-proliferative and pro-apoptotic effects. 
This interpretation is broadly consistent with prior studies 
reporting context-dependent estrogen receptor-related effects 
of silibinin and other phytoestrogenic compounds [24,33-35]. 
However, because the present study did not directly assess 
receptor binding, downstream protein targets, or pathway 
activation, these interpretations should remain cautious.

Previous studies have also linked silibinin to signaling pathways 
involved in migration, invasion, and apoptosis, including 

Table 1. Relative ESR1 and LINC00511 expression after silibinin treatment.

Fold-change (mean ± SD) of ESR1 and LINC00511 mRNA levels in MCF-7 and Ishikawa cells treated with silibinin (6 or 100 µM) 
for 24 h. Expression was normalized to GAPDH and calculated using the 2⁻ΔΔCt method, with untreated controls set to 1.
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Figure 1. Effect of silibinin on wound closure in MCF-7 and Ishikawa cells assessed by wound-healing assay. Cells were treated 
with silibinin at 6 µM (low dose) or 100 µM (high dose) for 24 h, and wound closure was quantified as the percentage of gap closure 
relative to the initial wound area. Untreated cells served as controls. Data are presented as mean ± SD from three independent 
experiments. Statistical significance is indicated as **p < 0.01, ***p < 0.001; ns, not significant.

Figure 2. Apoptosis rates in MCF-7 and Ishikawa cells after silibinin treatment.
Cells were treated with silibinin at 6 µM (low dose) or 100 µM (high dose) for 24 h and stained with Annexin V-FITC and propidium 
iodide (PI), followed by flow-cytometric analysis. The percentage of apoptotic cells is shown for each condition and compared with 
untreated control groups. Data are presented as mean ± SD from three independent experiments. Statistical significance is indicated 
as **p < 0.01 and ***p < 0.001.
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MAPK-associated transcriptional regulation, MMP modulation, 
and apoptosis-related responses in breast cancer models [31,32]. 
These reports are consistent with our observation that the higher 
silibinin concentration was associated with reduced wound 
closure and increased apoptotic fractions. Nevertheless, the 
present findings should be interpreted as transcript-level and 
phenotypic associations rather than direct mechanistic proof.

Future studies should investigate ER dependence more directly, 
for example through receptor antagonism, ESR1 knockdown, 
or broader pathway-level analyses. It will also be important to 
determine whether changes in LINC00511 function as upstream 
drivers of the observed phenotype or represent downstream 
markers of altered estrogen-responsive signaling.

Limitations
This study has several limitations. First, the findings are based 
exclusively on in vitro experiments performed in two ER-positive 
cancer cell lines and a single treatment duration. Second, ESR1 
and LINC00511 were evaluated primarily at the mRNA level, 
and no protein-level validation was performed. Therefore, the 
observed transcriptional changes cannot be assumed to directly 
correspond to protein abundance or downstream functional 
signaling. Third, the wound-healing assay used in the present 
design cannot fully distinguish migration-related effects from 
treatment-associated changes in proliferation. Additional studies 
incorporating time-course analyses, protein-level validation, 
mechanistic perturbation experiments, and validation in 
additional ER-positive models will be necessary to confirm the 
biological and translational relevance of these findings.

CONCLUSION
In conclusion, the present findings provide in vitro evidence 
that silibinin exerts dose-dependent effects on viability, wound 
closure, apoptosis, and the expression of ESR1 and LINC00511 
in ER-positive breast and endometrial cancer cell models. Low-
dose exposure was associated with a more growth-supportive 
phenotype, whereas higher-dose exposure was associated with 
growth-inhibitory and pro-apoptotic effects. These results 
highlight the importance of careful dose selection when 
evaluating silibinin and other phytoestrogenic compounds 
in hormone-responsive tumor models. However, further 
mechanistic and protein-level studies are required to clarify the 
biological significance of these observations.
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