
INTRODUCTION

Cancer remains to be the leading cause of death world-
wide (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. Me-
tastasis 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 wom-
en 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, 

and human epidermal growth factor 2 (HER2) can be good 
targets for anti-cancer therapy treating breast cancer. Howev-
er, triple-negative breast cancer is characterized by the lack of 
hormone receptors and HER2, and does not respond to hor-
mone 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 mainte-
nance, development, inflammation, and hematopoiesis are 
modulated by the JAK2/STAT3 signaling pathway (Lopez-Onie-
va 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 
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Treatment of triple-negative breast cancer (TNBC) has been limited due to the lack of molecular targets. In this study, we evalu-
ated the cytotoxicity of hydroxyzine, a histamine H1 receptor antagonist in human triple-negative breast cancer BT-20 and HCC-
70 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-regula-
tion of cyclins and CDKs, as well as the generation of reactive oxygen species (ROS) without cell cycle arrest. The effect of hy-
droxyzine 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-regula-
tion 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.

Key Words: Hydroxyzine, Reactive oxygen species, Triple-negative breast cancer, JAK2/STAT3, Cell cycle, Apoptosis

Abstract

Original Article
Biomol  Ther 30(6), 585-592 (2022)

*Corresponding Authors
E-mail: joonschoi@cu.ac.kr (Choi JS), s1004jh@gmail.com (Shim JH)
Tel: +82-53-850-3611 (Choi JS), +82-61-450-2684 (Shim JH)
Fax: +82-53-359-6733 (Choi JS), +82-61-450-2689 (Shim JH)

Received Sep 17, 2022  Revised Sep 30, 2022  Accepted Oct 1, 2022
Published Online Nov 1, 2022

Copyright © 2022 The Korean Society of Applied Pharmacology

https://doi.org/10.4062/biomolther.2022.121Open  Access

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licens-
es/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

www.biomolther.org  

Hydroxyzine Induces Cell Death in Triple-Negative Breast Cancer 
Cells via Mitochondrial Superoxide and Modulation of Jak2/STAT3 
Signaling

Rajina Shakya1, Gyu Hwan Park2, Sang Hoon Joo1, Jung-Hyun Shim3,* and Joon-Seok Choi1,*
1College of Pharmacy, Daegu Catholic University, Gyeongsan 38430,  
2College of Pharmacy, Research Institute of Pharmaceutical Sciences, Kyungpook National University, Daegu 41566,  
3College of Pharmacy, Mokpo National University, Muan 58554, Republic of Korea

mailto:joonschoi@cu.ac.kr
mailto:s1004jh@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.4062/biomolther.2022.121&domain=pdf&date_stamp=2022-10-28


586https://doi.org/10.4062/biomolther.2022.121

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 re-
ceptor 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 antago-
nists 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 expres-
sion of translationally controlled tumor protein TCTP (Seo et 
al., 2017).

In this study, we investigated whether hydroxyzine could in-
duce the apoptosis of human TNBC BT-20 and HCC-70 cells.

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 cas-
pase-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 (Den-
ver, 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-beta-
actin 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 per-
oxidase (HRP)-conjugated secondary antibodies specific to 
mouse or rabbit antibody were purchased from Thermo Fisher 
Scientific (Waltham, MA, USA).

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 

(WST) salt assay using the colorimetric QuantiMax™ WST 
assay reagent (BioMax, Seoul, Korea). First, BT-20 and HCC-
70 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).

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 Bio-
sciences, 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 sa-
line (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 ice-
cold 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, Ko-
rea) by incubating 30 min at room temperature. Fluorescence 
intensity was measured by flow cytometry to assess the DNA 
content.

Measurement of reactive oxygen species and 
mitochondrial membrane potential

To determine different indicators of reactive oxygen spe-
cies, the cells treated with hydroxyzine were stained with spe-
cific indicators. The content of cellular reactive oxygen species 
was measured after staining the cells with 10 µM 2’7’-dichloro-
dihydrofluorescein 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 Tech-
nologies) was used to determine the mitochondrial membrane 
potential (MMP). Both mitochondrial superoxide contents and 
MMP were measured by flow cytometry after staining with in-
dicators 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 so-
dium 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 Corpora-
tion, 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 
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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 en-
hanced 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 Soft-
ware, Inc., San Jose, CA, USA). A probability (p) value less 
than 0.05 was considered statistically significant.

RESULTS

Hydroxyzine induced apoptosis in triple-negative breast 
cancer cell lines

We first investigated the effect of hydroxyzine on the viabil-
ity of BT-20 and HCC-70 cells, triple-negative cancer cell lines, 
using a WST assay. Fig. 1A shows that hydroxyzine reduced 
cell viability in dose- (0, 5, 10, 20, 50, 75, and 100 µM) and 
time-dependent (24, and 48 h) manners significantly. The IC50 
values of the inhibition of cell growth were 79.9 µM at 24 h 
and 45.4 µM at 48 h for BT-20 cells, and 64.6 µM at 24 h and 

55.7 µM at 48 h for HCC-70 cells. We could notice the char-
acteristic morphological changes, cell shrinkage and detach-
ment 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 con-
centration 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 perturbed the balance of pro-apoptotic and 
anti-apoptotic Bcl-2 family proteins

To determine if hydroxyzine regulated the mitochondrial 
pathway, we measured the MMP as an indicator of functional 
mitochondrial activity. After treatment with hydroxyzine, we 
could notice the decrease in MMP by 41.8%% and 11.6% in 
BT-20 and HCC-70 cells, respectively (Fig. 2A). Then, we ana-
lyzed the protein expression levels of Bcl-2 family members by 
western blots. When BT-20 and HCC-70 cells were incubated 

Fig. 1. Effect of hydroxyzine on cell proliferation and apoptosis. (A) Cells were treated with varying concentrations of hydroxyzine (0, 5, 10, 
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). 
**p<0.01 compared to the control group. (B) Morphological changes of TNBC cells after treatment with hydroxyzine for 24 h. Scale bar=200 
µm. 100× magnification. (C) The cells treated with hydroxyzine were analyzed by flow cytometry using annexin V/PI stating. TNBC cells 
were treated with 0, 10, 20, and 50 µM of hydroxyzine for 48 h. Dot plots presenting the percentage of live (annexin V-/PI-, lower left), early 
apoptotic (annexin V+/PI-, lower right), late apoptotic (annexin V+/PI+, upper right), and necrotic (annexin V-/PI+, upper left) cells. (D) The 
levels of caspase-3, -7, -8, and -9, and cleaved PARP were analyzed by western blot. Actin was used as the loading control.
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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 fam-
ily 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 cellu-
lar ROS was measured with DCF-DA staining, and we noticed 
that the level of cellular ROS decreased slightly by hydroxy-
zine treatment. Compared to the vehicle control, hydroxyzine 
at 50 µM decreased the total ROS by 30.2% and 21.2% in 

BT-20 and HCC-70 cells respectively (Fig. 3A). Interestingly, 
we noticed that hydroxyzine increased the mitochondrial su-
peroxide 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, su-
peroxide dismutase (SOD) 1 and SOD2, remained unchanged 
by hydroxyzine treatment (Fig. 3C). Next, we investigated if 
hydroxyzine-induced apoptosis could be prevented by scav-
enging 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, re-
sulted 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 hydroxyzine-
induced apoptosis.

Biomol  Ther 30(6), 585-592 (2022) 

Fig. 2. Effect of hydroxyzine on Bcl-2 family proteins, caspases, and the mitochondrial membrane potential. TNBC cells were treated with 
hydroxyzine (0, 10, 20, and 50 µM) for 48 h. (A) The mitochondrial membrane potential was measured by flow cytometry after staining the 
cells with DiOC6. The bar graphs represent the mean ± SD of triplicate determinations from three separate experiments. Statistical notations 
for differences in cell populations compared to controls: *p<0.05 and **p<0.01. (B) The levels of Bcl-2 family proteins, Bcl-2, Bcl-xL, Bax, 
and Bak, were analyzed by western blot.
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Hydroxyzine affects cell cycle regulatory proteins
To analyze whether the inhibition of cell proliferation in-

duced by hydroxyzine was related to cell cycle arrest, we in-
vestigated 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 treat-
ment (Fig. 4D).

Hydroxyzine suppressed the activation of JAK2/STAT3 
signaling pathway

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 west-
ern blot analysis. Upon treatment with hydroxyzine, the level of 

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).

DISCUSSION

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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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 af-
ter 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 west-
ern blot. Actin was used as the loading control.
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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 activ-
ity 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 time-
dependent 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 mecha-
nism of hydroxyzine-induced apoptosis, we noticed the acti-
vation 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 de-
scribed below (Fig. 2B).

In addition to the caspase cascade, the generation of ROS 
was noticeable. Interestingly, we observed that the level of in-
tracellular 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 

treated with hydroxyzine (Fig. 3B). Meanwhile, the level of pro-
teins 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, pretreat-
ment 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 BT-
20 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 percent-
age 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 prog-
ress overall by lowering the levels of cyclins and CDKs. Nota-
bly, 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 
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Fig. 5. Effect of hydroxyzine on Jak/STAT signaling. TNBC cells were treated with hydroxyzine (0, 10, 20, and 50 µM) for 48 h. (A) The lev-
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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 can-
cer 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 modu-
lating 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 p-
STAT3 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 phosphoryla-
tion status of protein kinases involved with cell survival includ-
ing 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, hy-
droxyzine 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 reveal-
ing the molecular targets for treating TNBC cells.
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