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Background: Chidamide (CHI) is a subtype-selective histone deacetylase inhibitor (HDACI) developed
in China and approved as a second-line treatment combined with the aromatase inhibitor for hormone
receptor-positive (HR")/human epidermal growth factor receptor 2-negative (FHIER2") advanced breast
cancer. However, drug resistance is commonly occurred after a long period of medication. This study aimed
to investigate the characterization of induced resistance to CHI and explore the potential cross-resistance to
chemotherapeutic agents.

Methods: CHI with gradually increasing concentrations was added to breast cancer MCE?7 cells to establish
a CHI-resistant MCF7 (MCF7-CHI-R) cell line. Cell counting kit-8 (CCK-8) assays were performed to
detect half-maximal inhibitory concentration (IC,,) of CHI. Colony formation was used to determine the
proliferation inhibition rate. Western blot analysis was conducted to detect expressions of protein related
with cell cycle, apoptosis, ferroptosis, and histone deacetylase (HDAC). Flow cytometry was used to analyze
apoptosis and cell cycle.

Results: The IC;, value of CHI of MCF7-CHI-R cells was increased in comparison with MCF?7
cells. And CHI led to cell cycle arrest and ferroptosis, which were not exhibited in MCF7-CHI-R cells.
Moreover, HDAC activity decreased in MCF7-CHI-R cells in comparison with MCF7 cells, and HDACI
and HDACI10 might be involved in the resistance to CHI. In addition, MCF7-CHI-R cells were resistant
to gemcitabine (GEM), doxorubicin (ADM), docetaxel (DXT), albumin-bound paclitaxel (nab-PTX) and
paclitaxel (PTX).

Conclusions: The MCF7-CHI-R was established and the anti-ferroptosis pathway activation was involved
in the resistance of MCF-CHI-R cells. Also, MCF7-CHI-R cells were resistant to GEM, ADM, DXT, nab-
PTX and PTX.
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Introduction

Breast cancer is the leading cause of cancer death among
women worldwide (1). Breast cancer accounts for 30% of
newly diagnosed malignancies in women and causes 15%
of women’s cancer deaths, according to data released in
2019 (2). The incidence of breast cancer increases slightly
by 0.3% per year, mainly due to the increased incidence of
local stage and hormone receptor-positive (HR") disease (3).
HR" breast cancers are those that express estrogen receptor
(ER) or progesterone receptor (PR) or both and account
for 70-80% of all breast cancers (4). Previous study has
indicated that the treatment of HR" advanced/metastatic
breast cancers has historically been endocrine therapies,
including aromatase inhibitors, selective ER modulators,
and selective ER down-regulators (5). Pharmacotherapy
is one of the most important treatments, but resistance to
cancer medication is a huge burden on clinical treatment

Highlight box

Key findings

® The chidamide (CHI)-resistant MCF7 (MCFE7-CHI-R) cell line
was established and the anti-ferroptosis pathway activation was
involved in the resistance of MCF7-CHI-R cells. Also, MCF7-
CHI-R cells were resistant to gemcitabine (GEM), doxorubicin
(ADM), docetaxel (DXT), albumin-bound paclitaxel (nab-PTX)
and paclitaxel (PTX).

What is known and what is new?

* CHI is a subtype-selective histone deacetylase (HDAC) inhibitor
developed in China and approved as a second-line treatment
combined with the aromatase inhibitor for hormone receptor-
positive/human epidermal growth factor receptor 2-negative
advanced breast cancer. However, drug resistance is commonly
occurred after a long period of medication. But there are few
studies on the drug resistance of CHI in breast cancer.

* CHI with gradually increasing concentrations was added to breast
cancer MCF7-CHI-R. We found that the half-maximal inhibitory
concentration value of CHI of MCF7-CHI-R cells was increased
in comparison with MCF7 cells. And CHI led to cell cycle arrest
and ferroptosis, which were not exhibited in MCF7-CHI-R cells.
Moreover, HDAC activity decreased in MCF7-CHI-R cells in
comparison with MCF7 cells, and HDAC1 and HDAC10 might
be involved in the resistance to CHI. MCF7-CHI-R cells were
resistant to GEM, ADM, DXT, nab-PTX, and PTX.

What is the implication, and what should change now?

® The results revealed that the induction of ferroptosis might
alleviate the resistance to CHI in MCF7-CHI-R cells. And they
indicated that GEM, ADM, DXT, nab-PTX, and PTX may not be
good options after resistance to CHI for breast cancer patients.
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after a long period of medication (6).

Histone deacetylases (HDACs) are responsible for
regulating chromatin remodeling. Chromatin is composed
of DNA and histones, and HDACs lead to chromatin
compaction and transcriptional suppression by the
deacetylation of lysine residues of histone H2A, H2B, H3,
and H4 (7). The 18 human HDACs were divided into
four groups based on their homology with yeast (8). In the
past few decades, accumulating evidence has shown that
epigenetic dysregulation is closely related to the development
and progression of many diseases, mainly including various
cancers (9). HDAC inhibitors (HDACIs) have been used to
treat various types of hematologic diseases and solid tumors
for several years. So far, five HDACIS, including vorinostat
(SAHA, 1), romidepsin (FK228, 2), belinostat (PXD101, 3),
panobinostat (LBH589, 4), and chidamide (CHI; CS055, 5)
have been approved by the US Food and Drug
Administration (FDA) or the China FDA (CFDA) for the
treatment of various hematological malignancies (10).

CHI is a novel benzamide HDACI developed in
China and is also the first oral subtype selective HDACI
targeting HDAC1/2/3/10 in the world (11,12). It has been
approved in China for relapsed or refractory peripheral
T-cell lymphoma and HR"/human epidermal growth
factor receptor 2-negative (HER2") advanced breast cancer
(13,14). In HR*/HER2"™ advanced breast cancer, it is used
as a second-line treatment that complies with aromatase
inhibitor. Previous study has shown that CHI induces
cell proliferation inhibition and apoptosis in hematologic
malignancies (15). But it has been shown in clinical
studies that the clinical response to treatment with CHI in
relapsed/refractory diffuse large B-cell lymphoma is poor
because the majority of patients exhibit drug resistance
and cell cycle mechanism played an important role in CHI
resistance (16).

Although a few studies have reported CHI resistance
in breast cancer, one shortcoming of antitumor drugs
is the emergence of drug resistance (17). In the present
study, the CHI-resistant MCF7 (MCF7-CHI-R) cell line
was established to investigate the characterization of CHI
resistance in detail. In addition, possible cross-resistance
to chemotherapeutic drugs was investigated, and the
results showed that MCF7-CHI-R cells were resistant to
gemcitabine (GEM), doxorubicin (ADM), docetaxel (DXT),
albumin-bound paclitaxel (nab-PTX), and paclitaxel (PTX).
We present this article in accordance with the MDAR
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-2169/rc).
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Methods
Chemicals and reagents

CHI was obtained from Shenzhen ChipScreen Biosciences,
Ltd. (Shenzhen, China) and was dissolved in dimethyl
sulfoxide (DMSO). Fetal bovine serum (FBS) and minimum
essential medium (MEM) medium were purchased from
Procell (Wuhan, China). Cell counting kit-8 (CCK-8) was
obtained from Proteintech (Wuhan, China). The annexin
V-fluorescein isothiocyanate (FITC) apoptosis detection
kit and cell cycle detection kit were supplied by KeyGEN
BioTECH (Nanjing, China). Radioimmunoprecipitation
assay (RIPA) lysis buffer was purchased from Beyotime
(Shanghai, China). Bicinchoninic acid assay (BCA) was
obtained from Biosharp (Hefei, China). Polyvinylidene
difluoride (PVDF) membrane was supplied by Merck
Millipore (Burlington, MA, USA). The chemiluminescence
detection kit was purchased from Meilunbio (Dalian,
China). The detailed information of antibodies and
chemotherapy drugs is shown in Table S1.

Cell culture and establishment of CHI-resistant cell lines

MCEF?7 cells were purchased from Procell and were
cultured in MEM medium supplemented with 10% FBS
and 0.01 mg/mL insulin in a humidified incubator at 37 °C
with 5% CO,. MCF7 cells were treated with CHI at
increasing concentrations of 1, 2, 4, 8, and 16 pM for
about 6 months to establish a CHI-resistant breast
cancer cell line named MCF7-CHI-R. MCEF7 cells were
authenticated prior to their use and tested for mycoplasma
contamination. MCF7-CHI-R cells were authenticated
using STR analysis and the results showed that it retained
the identity as MCE7 cells. The detailed report of STR
identification of MCF7-CHI-R cells is shown in appendix
available at https://cdn.amegroups.cn/static/public/tcr-23-
2169-1.pdf.

Cell viability analysis

Cell viability was evaluated by CCK-8 assay. The cells were
seeded into a 96-well plate at a density of 5x10° cells/well.
To assess cell viability, 100 pL medium containing
serial dilutions of CHI, PTX, DXT, ADM, nab-PTX,
S-fluorouracil (5-FU), GEM, eribulin, or cyclophosphamide
(CTX) were added. After 72 hours treatment, the cells were
incubated in 100 pL MEM containing 10 pL. CCK-8 at
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37 °C for 3 hours. The absorbance detection was measured
at 450 nm using a microplate reader. On the basis of the
results, the half-maximal inhibitory concentration (IC,) was
calculated.

Clone formation assay

A total of 800 cells were plated on six-well plates, and were
treated with 5 pM CHI for 10 days. Cells were washed with
phosphate-buffered saline (PBS), fixed in 100% methanol
for about 5 min at room temperature, and stained with
0.005% crystal violet (Sigma-Aldrich; Merck KGaA) for

20 min at room temperature.

Cell cycle arrest

The cells were treated with 5 pM CHI for 72 hours. Then,
the cells were fixed in 70% ethanol at 4 °C overnight, treated
with 450 pL. Rnase A, and stained with 50 pL propidium
iodide for 30 min at room temperature away from light.
Then, the cell cycle was analyzed using a Beckman flow
cytometer.

Apoptosis assay

The cells were treated with 5 pM CHI for 72 hours.
Subsequently, the cells were collected, and stained with
5 pL annexin V and 5 pL propidium iodide for 15 min at
room temperature in the dark, and then analyzed by flow

cytometry.

Western blot analysis

Western blot analysis was performed using standard
procedures. Briefly, cells were lysed with RIPA lysis buffer,
and then total protein was extracted and isolated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred to a PVDF membrane. To block non-
specifically bound, the membrane was incubated with
5% skim milk powder for 1 hour at room temperature.
Membranes were then incubated with primary antibody
overnight at 4 °C followed by horseradish peroxidase
(HRP)-labeled secondary antibody, and then detected by
chemiluminescence. The glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) bands were used as control for
normalization. The density of the target bands was analyzed
using Image] software.

Transl Cancer Res 2024;13(5):2372-2386 | https://dx.doi.org/10.21037/ter-23-2169


https://cdn.amegroups.cn/static/public/TCR-23-2169-Supplementary.pdf
https://cdn.amegroups.cn/static/public/tcr-23-2169-1.pdf
https://cdn.amegroups.cn/static/public/tcr-23-2169-1.pdf

Translational Cancer Research, Vol 13, No 5 May 2024

Statistical analysis

Data were presented as mean + standard error. Statistical
comparisons were analyzed using two-way analysis of
variance (ANOVA) and Student’s #-test using Graph Prism
8 (Graph Pad, La Jolla, CA, USA). P<0.05 was considered
statistically significant.

Results
A CHI-resistant breast cancer cell line was established

Resistance to antitumor drugs is commonly occurred. CHI
can improve progression-free survival in patients with HR"/
HER?2™ advanced breast cancer (13), but few studies have
reported CHI resistance in breast cancer. To investigate
the acquired resistance to CHI in MCF7 cells, MCF7-
CHI-R cells were established after CHI treatment for
about 6 months. The IC;, values of CHI of MCF7 and
MCEF7-CHI-R cells after 72 hours were 7.8 and 220.2 pM,
respectively (Figure 1A4). The 1C;, value of MCF7-CHI-R
cells was 28-fold compared with that of MCF7 cells. The
morphology of MCF7-CHI-R cells was bigger than MCF7
cells (Figure 1B). MCF7 cells exhibited markedly decreased
colony formation rate (88%) after CHI treatment for
10 days in comparison with untreated controls (Figure 1C,
P<0.001), whereas the change in the MCF7-CHI-R cells
was not so evident. The colony formation numbers of
MCF7, MCF7/CHI 5 pM, MCF7-CHI-R, and MCF7-
CHI-R/CHI 5 pM cells were 1,208, 147, 968, and 541,
respectively (Figure 1D). The growth rate of MCF7-CHI-R
cells was lower than that of MCF7 cells (Figure 1E). And the
growth of MCEF?7 cells is dependent on estrogen but MCF7-
CHI-R cells are less dependent on estrogen (Figure 1F).
The results showed that MCF7-CHI-R cells decreased the
colony formation rates, but their sensitivity to CHI was
decreased. These results indicated that the MCF7-CHI-R
cell line was established successfully.

Cell cycle arrest induced by CHI was not induced in
MCF7-CHI-R cells

To determine the possible intrinsic mechanism of CHI-
induced MCEF?7 cell proliferation inhibition, the cell cycle
was detected by flow cytometry after CHI treatment. Cell
cycle arrest was induced by CHI during G0/G1 phase in
MCF7 cells (Figure 24, P<0.001) but unchanged in MCF7-
CHI-R cells.

The expressions of cell cycle-related protein were
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detected by Western blot analysis. The results showed that
CHI significantly increased p21 expression in MCF7 cells
(Figure 2B, P=0.009), but the effect of CHI on MCF7-
CHI-R cells was abolished. The p16 was reduced in MCF7
cells after CHI treatment (Figure 2C, P=0.04), but it had
no significant change in MCF7-CHI-R cells after CHI
treatment. These results indicated that CHI did not induce
cell cycle arrest in MCF7-CHI-R cells, and p21 might be
involved in CHI resistance in MCF7-CHI-R cells.

Cell apoptosis did not play a key role after CHI treatment
in MCF7 and MICF7-CHI-R cells

Apoptosis is one of the main ways of cell death, and to
investigate whether CHI induces apoptosis, cell apoptosis
was detected by flow cytometry. Results showed that CHI
did not induce apoptosis in MCF7 cells and MCF7-CHI-R
cells (Figure 3A4).

The expressions of apoptosis-related protein caspase-3,
PARP, and p53 were further detected by Western blot
analysis (Figure 3B-3D). The results showed that CHI
treatment had no effect on caspase-3 and p53 but decreased
cleaved caspase-3 (P=0.009) and cleaved PARP (P<0.001)
in the MCF?7 cells. However, all of them were not changed
after CHI treatment in the MCF7-CHI-R cells. The
expressions of bcl family members were detected, and
the results exhibited that the ratio of bax to bel2 was
upregulated after CHI treatment in MCF7 cells (Figure 3E,
P=0.03), but it was unchanged after CHI treatment in
MCEF7-CHI-R cells. The expression of DNA damage
repair-related protein YH2AX was detected, and the results
showed that CHI decreased the expression of YH2AX in
the MCEF7 cells (Figure 3F, P<0.001), but it had no effect on
YH2AX in the MCF7-CHI-R cells. These results suggested
that apoptosis did not account for the cell death induced by
CHI in MCF?7 cells.

Ferroptosis was induced by CHI in MCF7 but not in
MCF7-CHI-R cells

Ferroptosis is an iron- and reactive oxygen species (ROS)-
dependent programmed cell death that is distinct from
apoptosis and has been paid much attention in recent
years (18). Extensive study suggests that ferroptosis plays
a pivotal role in tumor suppression and is correlated with
cancer therapy resistance (19-21). To investigate the effects
of CHI on MCF?7 cells, the expressions of the ferroptosis-
related protein xCT and GPX4 were detected by Western
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Figure 1 Establishment of CHI-resistant cell line. (A) Survival curves of MCF7 and MCF7-CHI-R cells after CHI treatment for 72 hours.
(B) Representative bright-field images of MCF7 and MCF7-CHI-R cells. (C) Colony formation of MCF7 and MCF7-CHI-R cells after
stained with 0.005% crystal violet. (D) Quantitative determination of colony formation in MCF7 and MCF7-CHI-R cells. (E) The numbers
of MCF7 and MCF7-CHI-R cells. (F) Survival curves of MCF7 and MCF7-CHI-R cells after tamoxifen treatment for 72 hours. *, P<0.05,
=+ P<0.001, vs. MCF7 group; " P<0.001, vs. MCF7-CHI-R group; *%, P<0.01, vs. MCE7 + CHI group. n=3 in each group of each figure.
MCF7-CHI-R, CHI-resistant MCF7; MCF7 + CHI, MCF7 cells after treatment with CHI; MCF7-CHI-R + CHI, CHI-resistant MCF7

cells after treatment with CHI. CHI, chidamide.
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Figure 2 Effects of CHI on the cell cycle of MCF7 and MCF7-CHI-R cells. (A) Cell cycle distribution was examined by propidium iodide
staining and was analyzed by two-way ANOVA. (B,C) The expression of p21 and pl6 after the treatment of CHI was determined by
Western blot analysis, and the quantification was analyzed. *, P<0.05, **, P<0.01, ***, P<0.001, vs. MCF7 group; “%, P<0.01, **, P<0.001,
vs. MCF7 + CHI group. n=3 in each group of each figure. MCF7-CHI-R, CHI-resistant MCF7; MCF7 + CHI, MCF?7 cells after treatment
with CHI; MCF7-CHI-R + CHI, CHI-resistant MCF7 cells after treatment with CHI. CHI, chidamide; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; ANOVA, analysis of variance.

blot analysis. The results showed that the expressions of CHI treatment (Figure 44,4B). These results indicated that
xCT (P<0.001) and GPX4 (P=0.04) were downregulated ferroptosis might account for the cell death induced by CHI
in the MCF7 cells after CHI treatment, but they were in MCF?7 cells, whereas anti-ferroptosis pathway activation
not significantly changed in the MCF7-CHI-R cells after resulted in CHI resistance in MCF7-CHI-R cells.
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Oxidative stress was induced by CHI in MCF7 but not in
MCF7-CHI-R cells

As an iron-dependent mode of cell death, ferroptosis is
characterized by the accumulation of lipid ROS (22). To
investigate the underlying mechanism of CHI-induced
ferroptosis, the expressions of the oxidative stress-related
protein were detected by Western blot analysis. The results
showed that CHI markedly decreased the expression of
Keapl (P<0.001) and increased the expression of Nrf2
(P=0.002) in the MCF7 cells, but the influence of CHI
on MCF7-CHI-R cells was not evident (Figure 5A,5B).
Moreover, the expression of HO-1 was increased in
MCEF7 cells after CHI treatment (P<0.001), but it had
no significant change in MCF7-CHI-R cells after CHI
treatment (Figure 5C). As the oxidative stress-related
protein, SOD1 was downregulated in the MCF7 cells
after treatment with CHI (P=0.003), but it did not change
significantly in the MCF7-CHI-R cells after treatment
with CHI (Figure 5D). MCF7 cells after CHI treatment
contained significantly higher concentrations of ROS than
the parental cells (P=0.007). But the baseline of ROS levels
in MCF7-CHI-R was upregulated compared to MCF cells
(P=0.02) and CHI treatment had no effect on ROS levels
in MCF7-CHI-R cells (Figure S5E). In conclusion, these
results might indicate that MCEF7-CHI-R cells acquired
resistance to CHI via the Keap1-Nrf2/HO-1 pathway, and
antioxidative stress pathway activation might account for

the reduced stimulation of CHI on MCF7-CHI-R cells.

HDACI and HDACI10 were decreased in
MCF7-CHI-R cells

As inhibitors of HDAC, CHI is responsible for inhibiting
HDAC1/2/3/10, and their expressions were detected by
Western blot analysis (Figure 64-6C). Results showed that
the expressions of HDAC1 (P=0.008), HDAC2 (P<0.001),
and HDACI10 (P=0.003) were downregulated in the MCF7-
CHI-R cells in comparison with MCF?7 cells. Moreover,
CHI reduced the expressions of HDACI1 (P=0.008),
HDAC3 (P=0.04), and HDAC10 (P=0.04) in MCF7 cells,
but the effect of CHI was disappeared in the MCF7-CHI-R
cells. The expressions of HDAC2 were decreased by 40%
in the MCF7 cells after CHI treatment (P<0.001), but
they were decreased by 33% in the MCF7-CHI-R cells
after CHI treatment (P=0.005). In addition, the acetylation
of histones H3 (P<0.001) and H4 (P=0.01) was markedly
increased in MCF7 cells after CHI treatment, but the
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acetylation was not remarkedly changed in the MCF7-
CHI-R cells after CHI treatment (Figure 6D,6E). These
results further indicated that MCF7-CHI-R cells were
established successfully.

Cross-resistance of the CHI-resistant breast cancer cell line

To investigate whether the MCF7-CHI-R was cross-
resistant to other antitumor drugs, CCK-8 assays were
performed. As shown in Figure 7A-7H, MCF7-CHI-R cells
were still sensitive to 5-FU, eribulin, and CTX. Compared
with the MCF?7 cells, the resistance of MCEF7-CHI-R cells
to GEM, ADM, DXT, nab-PTX, and PTX increased by
4.22, 6.52, 2.88, 6.76, and >100 times, respectively. The
results showed that MCF7-CHI-R cells were also resistant
to GEM, ADM, DXT, nab-PTX, and PTX, which might
remind the choice of chemotherapy drugs for the patients
with CHI resistance in the future.

Discussion

As the inhibitor of class I HDACs, CHI has been reported
to have antitumor effects in pancreatic cancer, non-small
cell lung cancer, colon cancer, breast cancer, and NK/T
lymphoma cells (23). Moreover, CHI has been approved
as a second-line treatment that complies with aromatase
inhibitors for HR"/HER2™ advanced breast cancer. The
long-term treatment of CHI currently used in the clinic
is likely to lead to the emergence of CHI-resistant human
breast cancer cells, which might undermine the long-term
efficacy of CHI in the treatment of human breast cancer. In
the present study, a MCF7-CHI-R cell line was established
successfully after CHI treatment for 6 months. These
results suggested that ferroptosis might be involved in CHI
resistance in MCF7-CHI-R cells, HDAC1 and HDACI10
play a pivotal role in CHI resistance, and MCF7-CHI-R
cells were found to be resistant to GEM, ADM, DXT, nab-
PTX, and PTX.

Several HDACI-resistant cancer cell lines have been
reported (24,25). HDACIs are supposed to inhibit cell
proliferation and mediate cell death through several
pathways. It has been determined that HDACISs can induce
G1 cell cycle arrest by inducing the cyclin-dependent
kinase inhibitor p21 (26). In the present study, results
showed that the cell cycle was arrested in MCF7 cells
after CHI treatment, but it was not influenced in MCF7-
CHI-R cells after CHI treatment. In addition, previous
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concentration.

study has identified that HDACIs could induce apoptosis
through many ways, including selective upregulation of
death receptors and ligands in tumor cells, downregulation
of pro-survival proteins, and upregulation of pro-apoptotic
proteins (27). However, in the present study, the effect
on apoptosis in MCF7 cells after CHI treatment was not
prominent, which was reflected through the cell apoptosis
rate and the expressions of protein related with apoptosis.
Ferroptosis is an iron-dependent form of non-apoptotic
cell death; previous study identified that HDACIs

suppressed tumor by ferroptosis induction (28). Similar
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to the reported research, the results in the present study
showed that the expressions of xCT and GPX4 were
decreased in MCEF7 cells after treatment with CHI, but they
were not changed in the MCF7-CHI-R cells after treatment
with CHI. Numerous previous studies have indicated that
the regulation of ferroptosis could influence the efficacy of
cancer treatment and even reverse cancer therapy resistance
(21,29,30). Similar to previous research, the results in the
present study revealed that the induction of ferroptosis
might alleviate the resistance to CHI in MCF7-CHI-R

cells. However, subsequent experiments are still needed
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to demonstrate induction of ferroptosis to overcome drug
resistance.

Previous research has shown that the activation of the
Keap-Nrf2 pathway can inhibit ferroptosis, and the Nrf2
signaling pathway is responsible for antioxidation (31).
Nrf2 localizes in the cytoplasm under normal conditions
where it interacts with Keapl. The oxidative modification
of Keapl causes it to dissociate from Nrf2, allowing Nrf2
translocation to the nucleus where it binds to antioxidant
responsive elements, such as HO-1 and SOD (32). We
postulated that CHI-induced oxidative stress may cause
Nrf2-mediated upregulation of antioxidants. However, the
effect of CHI was abolished in the MCF7-CHI-R cells,
which indicated that the stimulation of CHI to MCF7-
CHI-R cells decreased and a CHI-resistant cell line was
established.

CHI inhibits HDACI, 2, 3, and 10 at low nanomolar
concentrations (33) and HDACI is most closely associated
with the malignant phenotype (34). In our studies, HDACI,
HDAC3, and HDACI10 were significantly downregulated
in MCF?7 cells after CHI treatment, but they were not
changed in MCF7-CHI-R cells after CHI treatment. It has
been exhibited that HL-60/LR cells possess significantly
higher expressions of HDAC1, HDAC2, and HDAC#4 than
HL-60 cells, but HL-60/LR cells lack HDACG6 (24). In the
present study, MCF7-CHI-R cells manifested lower levels
of HDACI1, HDAC2, and HDACI10 than MCF7 cells,
which might explain the resistance of MCF7-CHI-R cells.

An important finding from this study is that the
CHI-resistant cells showed cross-resistance to other
chemotherapy drugs for breast cancer. For instance,
vorinostat-resistant cells showed cross-resistance to other
first-generation and second-generation HDACIs (35). In
addition, the A549-CHI-R cell line was cross-resistant to
other chemotherapeutic drugs, including GEM, vinorelbine,
and PTX (34). In the present study, MCF7-CHI-R cells
with decreased HDAC activity showed cross-resistance to
GEM, ADM, DXT, nab-PTX, and PTX. For HR'/HER2"
advanced breast cancer, if the disease progresses on second-
line or third-line endocrine therapy, chemotherapy will
be given. Thus, our results indicated that GEM, ADM,
DXT, nab-PTX, and PTX may not be good options after
resistance to CHI. By contrast, 5-FU, eribulin, and CTX
may be used.

There are some limitations in our current study. First,
we did not conduct animal experiments to demonstrate
CHI resistance of MCF7-CHI-R cells. Second, we only
indicate that ferroptosis might play an important role in the
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CHI resistance, but data must be supplemented to elucidate
the mechanism of resistance and overcome CHI resistance.
Despite these shortcomings, our study revealed that a CHI-
resistant cell line was established.

Conclusions

In conclusion, a CHI-resistant cell line was established,
and it was proposed that cell cycle, ferroptosis, and HDAC
downregulation may contribute to CHI resistance. The
results also revealed that the induction of ferroptosis might
alleviate the resistance to CHI in MCF7-CHI-R cells. In
addition, the CHI-resistant cell line remained sensitive
to 5-FU, eribulin, and CTX but cross-resistant to GEM,
ADM, DXT, nab-PTX, and PTX.
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