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Abstract
Treatment of triple-negative breast cancer (TNBC) has been limited due to the lack of molecular targets. In this study, we evaluated the cytotoxicity of hydroxyzine, a histamine H1 receptor antagonist in human triple-negative breast cancer BT-20 and HCC70 cells. Hydroxyzine inhibited the growth of cells in dose- and time-dependent manners. The annexin V/propidium iodide double
staining assay showed that hydroxyzine induced apoptosis. The hydroxyzine-induced apoptosis was accompanied down-regulation of cyclins and CDKs, as well as the generation of reactive oxygen species (ROS) without cell cycle arrest. The effect of hydroxyzine on the induction of ROS and apoptosis on TNBC cells was prevented by pre-treatment with ROS scavengers, N-acetyl
cysteine or Mito-TEMPO, a mitochondria-targeted antioxidant, indicating that an increase in the generation of ROS mediated the
apoptosis induced by hydroxyzine. Western blot analysis showed that hydroxyzine-induced apoptosis was through down-regulation of the phosphorylation of JAK2 and STAT3 by hydroxyzine treatment. In addition, hydroxyzine induced the phosphorylation
of JNK and p38 MAPK. Our results indicate that hydroxyzine induced apoptosis via mitochondrial superoxide generation and the
suppression of JAK2/STAT3 signaling.
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INTRODUCTION

and human epidermal growth factor 2 (HER2) can be good
targets for anti-cancer therapy treating breast cancer. However, triple-negative breast cancer is characterized by the lack of
hormone receptors and HER2, and does not respond to hormone antagonists or anti-HER2 monoclonal antibody (Cleator
et al., 2007). Therefore, treatment of TNBC patients has been
limited to standard chemotherapy. While recent advances with
the development of targeted therapies, such as PARP inhibitor
(Dent et al., 2013) and immune checkpoint inhibitor (Kwapisz,
2021), are noticeable, the development of molecular targets in
treating TNBC would enhance the therapeutic impact.
Diverse biological processes including stem cell maintenance, development, inflammation, and hematopoiesis are
modulated by the JAK2/STAT3 signaling pathway (Lopez-Onieva et al., 2008; Bollrath and Greten, 2009). STAT3 protein is
often overexpressed in cancer cells (Bromberg et al., 1999) and
regulates cell survival, apoptosis, and differentiation (Buettner

Cancer remains to be the leading cause of death worldwide (Siegel et al., 2020). It can be initiated from the mutation
in specific genes, and it is characterized by several features
including constant cell proliferation, uncontrolled growth. Metastasis and the recurrence after anti-cancer therapy could
be painful to the patients (Bertram, 2000; Gibbs, 2003). Even
though attempts have been made to understand the complex
mechanisms, complete remedy nor prevention has not been
achieved yet (Baldwin, 2001).
Breast cancer is very common, and about two million women are diagnosed annually worldwide (Siegel et al., 2020).
Common breast cancer treatment includes surgery, radiation,
platinum chemotherapy, hormonal therapy, and more recent
targeted therapy depending on the type and stage (Jacobs et
al., 2022). Hormone receptors for estrogen and progesterone,
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(WST) salt assay using the colorimetric QuantiMax™ WST
assay reagent (BioMax, Seoul, Korea). First, BT-20 and HCC70 cells were seeded at 1×104 cells per well in quadruplicate
into a 48 well plate and grown for 24 h at 37°C in a 5% CO2
incubator. The cells were then treated with 0, 5, 10, 20, 50, 75,
and 100 µM of hydroxyzine. After 24 or 48 h treatment with
hydroxyzine, the cells were incubated with QuantiMax™ WST
reagent, and the absorbance was measured at 450 nm with a
microplate reader (BMG Labtech, Ortenberg, Germany).

et al., 2002). The activation of JAK/STAT signaling is related
to the growth of cancer cells (Wang and Sun, 2014), whereas
the inhibition, to the contrary, reduces the growth (Shan et al.,
2010). Ruxolitinib is a kinase inhibitor selective to JAK1/2, and
anti-cancer effect on TNBC has been studied (Stover et al.,
2018). Similarly, L80, an HSP90 inhibitor, has been shown to
suppress metastatic TNBC by inhibiting JAK2/STAT3 signaling
axis (Cho et al., 2019). These suggest that JAK/STAT signaling
might be one of the keys regulating the survival of TNBC cells.
Hydroxyzine, belonging to antihistamine drugs, has been
used to treat itchiness, anxiety, and nausea for more than six
decades (Bayart, 1956). It is a well-known histamine H1 receptor antagonist (Richelson, 1979), and safe enough to take
the dosage of 100 mg (Smith et al., 2016). Interestingly, a
couple of studies showed that histamine H1 receptor antagonists induced the apoptosis of tumor cells (Asuaje et al., 2018;
Matsumoto et al., 2021). In addition, hydroxyzine was shown
to inhibit the growth of cancer cell by decreasing the expression of translationally controlled tumor protein TCTP (Seo et
al., 2017).
In this study, we investigated whether hydroxyzine could induce the apoptosis of human TNBC BT-20 and HCC-70 cells.

Annexin V/propidium iodide staining assay and cell cycle
analysis

To detect the apoptosis of BT-20 and HCC-70 cells, Annexin
V-fluorescein isothiocyanate apoptosis detection kit (BD Biosciences, San Diego, CA, USA) was used. Briefly, cells were
harvested with trypsinization and washed twice with filtered
0.1% bovine serum albumin (BSA) in phosphate-buffered saline (PBS) and resuspended in 1x binding buffer containing
Annexin V and propidium iodide (PI). Fluorescence intensity
was measured by flow cytometry using a FACSCalibur flow
cytometer (BD Biosciences).
For cell cycle analysis, the cells treated with hydroxyzine
were washed with filtered 0.1% BSA in PBS and fixed in icecold 100% ethanol at 4°C overnight. The fixed cells were
washed again with 0.1% BSA in PBS and stained with 50
µg/mL of propidium iodide (Life Technologies, Carlsbad, CA,
USA) and 100 μg/mL of RNAase A (Biosesang, Daejeon, Korea) by incubating 30 min at room temperature. Fluorescence
intensity was measured by flow cytometry to assess the DNA
content.

MATERIALS AND METHODS
Reagents

Hydroxyzine, Mito-TEMPO, and N-acetyl cysteine (NAC)
were obtained from Sigma Aldrich (St. Louis, MO, USA).
Primary antibodies against cleaved caspase-3, cleaved caspase-7, cleaved caspase-8, cleaved caspase-9, cleaved
PARP, Bax, Bak, SOD1, cyclin D1, CDK2, STAT1, p-STAT1,
STAT2, p-STAT3 (Ser727), p-STAT3 (Tyr705), JAK2, p-JAK2,
Akt, p-Akt, ERK, p-ERK, JNK, p-JNK, p38, p-p38, HSP90, and
c-Src were purchased from Cell Signaling Technology (Denver, CO, USA). Antibodies against Bcl-2, Bcl-xL, SOD2, cyclin
A, cyclin D2, cyclin D3, cyclin E, p16, p21, p27, p53, p-JAK1,
and MDM2 were obtained from Santa Cruz Biotechnology
(Dallas, TX, USA). Also, anti-survivin antibody was purchased
from Novus Biologicals (Centennial, CO, USA), and anti-betaactin antibody was from Sigma Aldrich (Burlington, MA, USA).
Anti-catalase and anti-cyclin B antibodies were obtained from
Abcam (Cambridge, UK), and anti-JAK1 antibody was from
Millipore (Burlington, MA, USA). All the horse-radish peroxidase (HRP)-conjugated secondary antibodies specific to
mouse or rabbit antibody were purchased from Thermo Fisher
Scientific (Waltham, MA, USA).

Measurement of reactive oxygen species and
mitochondrial membrane potential

To determine different indicators of reactive oxygen species, the cells treated with hydroxyzine were stained with specific indicators. The content of cellular reactive oxygen species
was measured after staining the cells with 10 µM 2’7’-dichlorodihydrofluorescein diacetate (DCF-DA) (Life Technologies) for
1 h. 5 µM MitoSOX™ Red reagent (Thermo Fisher Scientific)
was used to measure the mitochondrial superoxide contents,
and 3,3’-dihexyloxacarbocyanine iodide (DiOC6) (Life Technologies) was used to determine the mitochondrial membrane
potential (MMP). Both mitochondrial superoxide contents and
MMP were measured by flow cytometry after staining with indicators for 30 min at room temperature.

Western blot assay

The cells treated with hydroxyzine were harvested, washed
with PBS, and lysed with RIPA buffer containing 1 mM sodium orthovanadate, 1 mM NaF, 0.1 mM phenylmethylsulfonyl
fluoride, and a protease inhibitor cocktail. Pierce Coomassie
(Bradford) protein Assay Kit (Thermo Fisher Scientific) was
used to measure the protein yield following the manufacturer’s
instructions. Equal amounts of protein samples were resolved
by 10% or 15% sodium dodecyl sulfate polyacrylamide gel
electrophoresis. The resolved proteins were transferred to a
polyvinylidene difluoride membrane (EMD Millipore Corporation, Billerica, MA, USA). The membrane was blocked with 5%
skim milk in Tris-buffered saline-Tween® 20 detergent (TBST)
for 1 h at room temperature, then washed with TBST briefly
before the incubation with primary antibodies [1;1,000 dilution
in 2% skim milk in TBST] overnight at 4°C. The membrane

Cell lines and cell culture

The human breast cancer cell lines BT-20 and HCC-70
were from Korean Cell Line Bank (Seoul, Korea), and cultured
in DMEM medium (Hyclone, Logan, UT, USA) supplemented
with 10% fetal bovine serum (Hyclone) and 1% penicillin/
streptomycin (Hyclone). The cells were incubated at 37°C in
a 5% CO2 humidified incubator. Unless stated otherwise, the
effects of hydroxyzine on cancer cells were determined with
varying concentration of hydroxyzine (0, 10, 20, and 50 µM)
after incubating for 48 h. Dimethyl sulfoxide (Sigma Aldrich)
was used as the vehicle.

WST (water-soluble tetrazolium) cell viability assay

Cell viability was assessed by water-soluble tetrazolium
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RESULTS

55.7 µM at 48 h for HCC-70 cells. We could notice the characteristic morphological changes, cell shrinkage and detachment of cells, of the cells treated with hydroxyzine (Fig. 1B).
We then conducted annexin V/PI staining by flow cytometry.
As the concentration of hydroxyzine increased from 0 to 10,
20, and 50 µM, the percentage of cells undergoing apoptosis
increased from 12.8 to 18.6, 18.4, and 19.9%, respectively,
for BT-20 cells. Likewise, the percentage of apoptotic HCC-70
cells increased from 13.9 to 14.5, 18.9, and 33.1% as the concentration of hydroxyzine increased from 0 to 10, 20, and 50
µM, respectively (Fig. 1C). Also, we investigated the activation
of caspase cascade by hydroxyzine treatment. The western
blot analysis showed that hydroxyzine treatment increased
the levels of cleaved caspases, including caspase-3, -7, -8,
as well as cleaved PARP, a substrate of caspase-3 (Fig. 1D),
implying the activation of caspase cascade by hydroxyzine.

Hydroxyzine induced apoptosis in triple-negative breast
cancer cell lines

Hydroxyzine perturbed the balance of pro-apoptotic and
anti-apoptotic Bcl-2 family proteins

incubated with the primary antibodies was washed with TBST
and incubated with the secondary antibodies [1:5,000 dilution]
for 2 h at room temperature. The proteins on the membrane
were visualized by chemiluminescence using Amersham enhanced chemiluminescence (ECL) reagent (GE Lifesciences,
Piscataway, NJ, USA).

Statistical analysis

Data are presented as the mean standard deviation. Single
comparisons were performed using the Student’s t-test. Data
analysis was performed using SigmaStat 3.5 (Systat Software, Inc., San Jose, CA, USA). A probability (p) value less
than 0.05 was considered statistically significant.
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20, 50, 75, 100 µM) for 24, 48, or 72 h and cell viability was determined by WST assay. The data are expressed as the mean ± SD (n=4).
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BT-20 and HCC-70 cells respectively (Fig. 3A). Interestingly,
we noticed that hydroxyzine increased the mitochondrial superoxide level by 2.02 and 2.28-fold in BT-20 and HCC-70
cells respectively (Fig. 3B). The levels of proteins involved
with the generation of reactive oxygen species, catalase, superoxide dismutase (SOD) 1 and SOD2, remained unchanged
by hydroxyzine treatment (Fig. 3C). Next, we investigated if
hydroxyzine-induced apoptosis could be prevented by scavenging ROS. The TNBC cells were pre-treated with 50 µM
of N-acetylcysteine, an ROS scavenger, before hydroxyzine
treatment. We could notice that hydroxyzine-induced cell
death was prevented by 60 and 31.6% in BT-20 and HCC-70
cells respectively (Fig. 3D). Furthermore, pre-treatment with
50 nM Mito-TEMPO, a mitochondria-targeted antioxidant, resulted in the prevention of hydroxyzine-induced apoptosis by
30.8 and 25.9% in BT-20 and HCC-70 cells (Fig. 3E), implying
the involvement of mitochondrial superoxide in hydroxyzineinduced apoptosis.

with hydroxyzine, the levels of Bcl-2 and Bcl-xL decreased,
whereas the levels of pro-apoptotic Bcl-2 family proteins, Bax
and Bak, remained unchanged (Fig. 2B), indicating that the
balance between pro-apoptotic and anti-apoptotic Bcl-2 family proteins was perturbed by hydroxyzine treatment. These
results indicate that hydroxyzine activated the mitochondrial
apoptotic pathway.

Hydroxyzine increased the generation of mitochondrial
superoxide

The generation of excessive ROS can play a key role in
apoptosis by different mechanisms (Ling et al., 2003; Richa et
al., 2020). Therefore, we investigated if the generation of ROS
was regulated by treatment of hydroxyzine. The level of cellular ROS was measured with DCF-DA staining, and we noticed
that the level of cellular ROS decreased slightly by hydroxyzine treatment. Compared to the vehicle control, hydroxyzine
at 50 µM decreased the total ROS by 30.2% and 21.2% in
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Hydroxyzine affects cell cycle regulatory proteins

JAK2 remained relatively constant in both BT-20 and HCC-70
cells. However, we noticed that the phosphorylation of JAK2
decreased in the higher concentration, 50 µM, of hydroxyzine.
Furthermore, the protein level and phosphorylation status of
STAT3 on serine 727 and tyrosine 705 were analyzed. The
results showed that hydroxyzine reduced the levels of STAT3,
p-STAT3 (Ser727), and p-STAT3 (Tyr705) in a dose-(0, 10, 20,
and 50 µM) dependent manner (Fig. 5A).
Then we evaluated the protein level and phosphorylation
status of protein kinases, Akt, ERK, JNK, and p38, which are
related to cell survival. The change in either protein level or
phosphorylation status of Akt and ERK was not noticeable
upon treatment of hydroxyzine. However, we could see that
the phosphorylation of both JNK and p38 was increased by
hydroxyzine treatment, whereas the protein levels remained
relatively unchanged (Fig. 5B).

To analyze whether the inhibition of cell proliferation induced by hydroxyzine was related to cell cycle arrest, we investigated the effect of hydroxyzine on the cell cycle phase
populations of TNBC cells by flow cytometry. The percentage
of BT-20 cells in the subG1 phase increased from 1.6% in
the vehicle-treated group to 9% after treatment with 50 µM
hydroxyzine. Similarly, and the percentage of HCC-70 cells in
the subG1 phase increased from 2.6% to 11.8% by treatment
of hydroxyzine at 50 µM. The percentage of cells in the subG1
phase converted to fold change compared to the control group
was expressed as a graph (Fig. 4A, 4B). The assessment of
protein levels of CDKs and cyclins indicated that CDK1, 2,
and 4, cyclins A, B, and Ds decreased upon treatment with
hydroxyzine, whereas the level of cyclin E alone increased
(Fig. 4C). Interestingly, the level of CDK inhibitors, p16, p21,
and p27 remained relatively constant upon hydroxyzine treatment (Fig. 4D).

DISCUSSION

Hydroxyzine suppressed the activation of JAK2/STAT3
signaling pathway

Hydroxyzine is a piperazine derivative and exerts various
actions such as antiemetic and sedative effects by working
on central nervous system. While hydroxyzine is well-known
histamine H1 receptor antagonist, it has also been shown to
block dopamine receptor D2 (Haraguchi et al., 1997). The use
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The JAK2/STAT3 signaling pathway controls the survival
and proliferation of many cancer cells, and we examined the
effects of hydroxyzine on JAK2 and STAT3 proteins by western blot analysis. Upon treatment with hydroxyzine, the level of
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Fig. 4. Effect of hydroxyzine on cell cycle distribution in TNBC

cells. (A) BT-20 and HCC-70 cells treated with 0, 10, 20, and 50
µM of hydroxyzine for 48 h were analyzed by flow cytometry after staining with PI. (B) The bar graphs represent the mean ±
SD of triplicate determinations from three separate experiments.
Statistical notations for differences in cell cycle populations
compared to controls: **p<0.01. (C, D) The expression levels of
cell cycle-related proteins in TNBC cells were analyzed by western blot. Actin was used as the loading control.
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treated with hydroxyzine (Fig. 3B). Meanwhile, the level of proteins possibly involved with the generation of ROS, catalase,
SOD 1 and 2, remained relatively unchanged (Fig. 3C). Even
though we observed the slight decrease in the cellular level
of ROS in the TNBC cells treated with hydroxyzine, pretreatment of the cells with NAC at 50 µM, an inhibitor of ROS,
prevented the apoptotic activity of hydroxyzine, indicating
that the increased generation of ROS was involved with an
upstream regulation of hydroxyzine-induced apoptosis (Fig.
3D). Moreover, the pretreatment of Mito-TEMPO, as little as
50 nM, showed the same level of prevention exerted by NAC
at 50 µM (Fig. 3E). These results imply that the generation of
mitochondrial superoxide was involved with the regulation of
hydroxyzine-induced apoptosis.
To further study the detail of antiproliferative effect induced
by hydroxyzine, we analyzed the cell cycle distribution in BT20 and HCC-70 cells. We noticed the significant increase in
the population of cells in subG1 phase (Fig. 4A), which implies
that hydroxyzine induced apoptosis of TNBC cells. However, it
appeared that the percentage of cells in each cell cycle phase
remained relatively unchanged. The increase in the percentage of cells in subG1 phase correlated with the decrease in
the levels of cyclins and CDKs except cyclin E (Fig. 4B). We
speculate that hydroxyzine downregulated the cell cycle progress overall by lowering the levels of cyclins and CDKs. Notably, the percentage of S phase increased in the HCC-70 cells
treated with hydroxyzine at 50 µM. It appears the increased
level of cyclin E in HCC-70 cells resulted in the increase of
cells in S phase (Chu et al., 2021). However, we doubt the
increase in the percentage of S phase would contribute to the
survival of HCC-70 cells, considering the lowered levels of
other cyclins and CDKs. Contrary to the decreased the levels
of cyclins and CDKs, the levels of p16, p21, and p27 did not

of hydroxyzine in cancer patients for sedative and antiemetic
purposes has been well documented (Tsukuda et al., 1995),
however, the anti-cancer effect of hydroxyzine has not been
reported yet. This was the first report on the anti-cancer activity of hydroxyzine in human TNBC BT-20 and HCC-70 cells.
Our cell viability assay results indicated that the proliferation
of TNBC cells was inhibited by hydroxyzine in dose- and timedependent manners.
Inducing apoptosis can be a good strategy of anticancer
therapy (Lopez and Tait, 2015). Cancer cells can proliferate by
either blocking the apoptotic pathway or activating the survival
pathway (Wong, 2011). As we could see that hydroxyzine is
cytotoxic to TNBC cells (Fig. 1A, 1B), we determined whether
hydroxyzine induced apoptosis in TNBC cells. The results
from annexin V apoptosis assay indicated that hydroxyzine
treatment increased the rate of apoptosis significantly (Fig.
1C). The activation of caspases is involved with the progress
of both intrinsic and extrinsic apoptotic pathways (McIlwain et
al., 2013). As we attempted to delineate the molecular mechanism of hydroxyzine-induced apoptosis, we noticed the activation of caspases-3, -7, -8, and -9, as well as the cleavage
of PARP (Fig. 1D). The activation of caspase-9, an initiator
caspase in mitochondrial apoptotic signaling, indicated that
hydroxyzine may induce apoptosis by activating the intrinsic
pathway. The activation of caspases correlated well with the
decrease in the mitochondrial membrane potential (Fig. 2A),
and the shift in the balance of Bcl-2 family proteins as described below (Fig. 2B).
In addition to the caspase cascade, the generation of ROS
was noticeable. Interestingly, we observed that the level of intracellular ROS in hydroxyzine-treated cells was slightly lower
than that of untreated cells (Fig. 3A). Instead, we could see
that mitochondrial superoxide was elevated in the TNBC cells
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histone deacetylase inhibitor, MHY4381, induces apoptosis via

change by hydroxyzine treatment (Fig. 4C, 4D). This suggests
that hydroxyzine-induced apoptosis was involved with overall
downregulation of cyclins and CDKs rather than arresting cell
cycle.
Modulation of several signaling pathways including PI3K/
Akt, JAK2/STAT3, and MAPK/ERK affects the survival of cancer cells (Franceschelli et al., 2011; Wu et al., 2017). When the
activation of JAK2/STAT3 signaling is not properly controlled,
various types of cancer cells can proliferate (Nam et al., 2012;
Yun et al., 2018). STAT3 protein is a transcription factor modulating various biological processes including proliferation, and
cell differentiation, and apoptosis (Buettner et al., 2002; Park
et al., 2021). The phosphorylation of STAT3 by JAK facilitates
dimerization of STAT3. Then, STAT3 dimer moves into the
nucleus and promotes the transcription of oncogenes. In this
study, we determined the inhibitor effect of hydroxyzine on
the JAK2/STAT3 signaling pathway in TNBC cells. As shown
in Fig. 5A, we could notice that the levels of p-JAK2 and pSTAT3 were down-regulated significantly by hydroxyzine in a
dose-dependent manner. In addition, hydroxyzine decreased
the protein level of survivin in both BT-20 and HCC-70 cells.
Next, we evaluated the level of expression and phosphorylation status of protein kinases involved with cell survival including Akt, ERK, JNK, and p38. The level of Akt and ERK, both
in protein level and phosphorylation status, remained relative
unchanged by hydroxyzine treatment (Fig. 5B). However, hydroxyzine increased the phosphorylation of stress-activated
signaling molecules, JNK and p38 (Sui et al., 2014).
In conclusion, the results from this study demonstrate that
hydroxyzine induced down-regulation of cyclins and CDKs,
activation of mitochondrial apoptotic pathway, generation of
mitochondrial superoxide, inactivation of STAT3-mediated
signaling pathway, and activation of stress-activated signaling
molecules JNK and p38. The further study would elucidate the
molecular basis of hydroxyzine-induced cell death by revealing the molecular targets for treating TNBC cells.
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