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ABSTRACT

Background. Several studies suggest that the pleiotropic properties of betanin may interfere with different sig-
naling pathways. Our previous studies on human hepatocytes showed that betanin activated the nuclear fac-
tor erythroid-2-related factor 2 (Nrf2) signaling pathway. To further understand the exact mechanism of action 
of betanin, we evaluated its effect on the levels of signal transducers and activators of transcription (STATs) and 
KRAB domain-associated protein 1 (KAP1) in hepatoma cells (HepG2) and normal human hepatocytes (THLE-2). 
Material and methods. HepG2 and THLE-2 cells were treated with 2 or 10 μM betanin for 72 h. The levels of 
STAT3, STAT5a, STAT5b, and KAP1 proteins in cytosolic and nuclear fractions were assessed by Western blot.
Results. At a concentration of 10 μM, betanin signifi cantly decreased the levels of STAT3, STAT5a, and STAT5b 
proteins in the nuclear fraction of HepG2 cells. On the other hand, no signifi cant changes in the levels of STAT 
proteins were observed in THLE-2 cells. In HepG2 cells, betanin at both tested doses increased the level of 
KAP1. In contrast, in THLE-2 cells, betanin at a dose of 10 μM decreased the nuclear level of KAP1.
Conclusions. Betanin modulated the levels of STAT3, STAT5, and KAP1 proteins, especially in hepatoma 
cells. Thus, it may be considered a potential therapeutic agent for the treatment of hepatoma.

Introduction

Hepatocellular carcinoma (HCC) is the major form 
of primary liver cancer. It is one of the most seri-
ous human cancers, the pathogenesis of which 

involves continuous hepatocyte death, inflam-
matory cell infi ltration, and compensatory liver 
regeneration. Understanding the molecular sig-
naling pathways that induce or mediate these 
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processes during liver carcinogenesis is essen-
tial for identifying novel therapeutic targets for 
this disease [1]. 

According to epidemiological studies, diet and 
physical activity influence the incidence of cer-
tain types of cancers, including liver cancer, and 
preventive measures should be taken in the early 
stages of these diseases [2]. Some prophylac-
tic measures include a diet enriched with natu-
ral substances that can inhibit or reverse tumor 
development. For example, beetroot, a vegetable 
commonly included in the human diet, has many 
health-promoting properties. Besides antioxi-
dant activity, it exhibits anti-inflammatory and 
detoxifying effects [3]. Many of the properties of 
beetroot are attributed to betalains, especially 
betanin. Betanin is widely used in the food indus-
try as a coloring agent in fruit yogurt, ice cream, 
and cosmetic care products [4] and well-known 
for its anti-inflammatory and hepatoprotective 
functions in human cells. It has been reported 
that betanin inhibited cell proliferation in hepa-
toma cancer cells HepG2 [5] and ovarian can-
cer cell line PA-1 [6] and showed pro-apoptotic 
action in human lung cancer cell lines [7], U87MG 
human glioma cells [8], and oral squamous can-
cer cells SCC131 and SCC4 [9]. Another mecha-
nism of the anticancer action of betanin is the 
modulation of signaling pathways. Betanin acti-
vated nuclear factor erythroid-2-related factor 
2 (Nrf2) signaling pathway in hepatoma cancer 
cells HepG2 [10]. Additionally, the activation of 
NF‐κB/PI3K/Akt signaling pathway was observed 
in oral squamous cancer cells SCC131 and SCC4 
[9]. Since epidemiological studies indicate that 
liver cancer still has a poor prognosis, intensive 
research is needed to develop new therapeutic 
solutions. One promising therapeutic strategy for 
the treatment of liver cancer is interfering with 
other signaling pathways.

Literature data highlight increased expression 
of signal transducers and activators of transcrip-
tion (STATs) in liver tumors [11]. The upregula-
tion of STAT signaling pathways promotes tumor 
growth and survival, due to the inhibition of 
apoptosis as well as increased cell proliferation, 
migration, and invasion [12].

The STATs family comprises seven members – 
STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b, 
and STAT6. These cytoplasmic transcription 
factors mediate signal transduction from vari-

ous growth factors and cytokines to the nucleus 
[11]. Recent studies also indicate that STATs may 
interfere with the functions of KRAB domain-as-
sociated protein 1 (KAP1) [13–15], which pro-
motes cell proliferation and metastatic progres-
sion in different cancers, including HCC [16].

Therefore, to further explore the mechanism of 
action of betanin, we assessed the effect of beta-
nin on other signaling pathways such as STAT3, 
STAT5a, and STAT5b, as well as their dependence 
on KAP1 protein, in hepatoma cells (HepG2) and 
normal human hepatocytes (THLE-2). 

Materials and methods

Chemicals
Betanin, dimethyl sulfoxide (DMSO), Tris, anti-
biotic solution (104 U penicillin, 10 mg strepto-
mycin, 25 μg amphotericin B), Dulbecco’s modi-
fi ed Eagle’s medium (DMEM), fetal bovine serum 
(FBS), and trypsin were supplied by Sigma-Al-
drich (USA). Bronchial Epithelial Cell Growth Bas-
al Medium (BEGM) and Bullet Kit were purchased 
from Lonza/Clonetics Corporation (USA). Pri-
mary antibodies against STAT3 (sc-483), STAT5a 
(sc-1081), STAT5b (sc-1656), β-Actin (sc-7210), 
lamin (sc-20680), and secondary alkaline phos-
phatase labeled antibodies were obtained from 
Santa Cruz Biotechnology (Dallas, TX, USA). 
Primary antibody against KAP1 (ab10484) was 
obtained from Abcam (Cambridge, UK). The pro-
tein molecular weight marker was supplied from 
EURx (Gdańsk, Poland).

Cell Culture 
The hepatocellular carcinoma cells – HepG2 
(ATCC HB 8065, USA) were cultured in DMEM with 
10% FBS and 1% antibiotic solution and grown 
under standard conditions (37°C, 5% CO2). Nor-
mal human hepatocytes THLE-2 (ATCC CRL-2706, 
USA) were maintained in BEGM supplemented 
with Bullet Kit and 5 ng/mL EGF, 70 ng/mL phos-
phoethanolamine, and 10% FBS (37°C, 5% CO2). 
After the 24 hours of initial incubation, the cells (1 
× 106 cells per 100 mm culture dish) were treated 
with 2 or 10 μM of betanin, incubated for a further 
72h, and harvested. Control cells were treated 
with 0.1% DMSO. The dimethyl sulfoxide 100 mM 
stock solutions of betanin were used and stored 
at −20°C.
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The doses of betanin were selected based on 
the MTT viability assay, which was carried out in 
our previous research [10]. 

Nuclear and Cytosolic Fractions Preparation 
The subcellular extracts from HepG2 and THLE-2 
cells were prepared using the Nu-clear/Cytosol 
Fractionation Kit (BioVision Research, Mountain-
View, CA, USA) according to the manufacturer’s 
protocol. Protein concentration was assessed 
using the Lowry method, and the samples were 
stored at −80°C for further analysis.

Western Blot Analysis
Nuclear fractions for STAT3, STAT5a, STAT5b, 
KAP1, lamin, or cytosolic fractions for STAT3, 
STAT5a, STAT5b, KAP1, β-Actin protein detec-
tion, were separated on 10% SDS-PAGE slab 
gels. β-Actin and lamin were used as a loading 
control. The amount of cytosolic and nuclear 
fractions was 100 μg of protein per well. Proteins
were transferred to the nitrocellulose Immobilon 
P membrane (Millipore, Bedford, MA, USA). After 
blocking for 2 hours with 10% skimmed milk, 
proteins were probed with rabbit anti-STAT3, 
rabbit anti-STAT5a, mouse anti-STAT5b, rabbit 
anti-β-Actin, rabbit anti-lamin (Santa Cruz Bio-
technology, Dallas, TX, USA), rabbit anti-KAP1 
(Abcam, Cambridge, UK) antibodies (dilu-
tion 1:1000). The alkaline phosphatase-labeled 
anti-mouse IgG and anti-rabbit IgG (dilution 
1:5000) were used as the secondary antibodies. 
Bands were visualized using the AP Conjugate 
Substrate Kit NBT/BCIP (BioRad Laboratories, 
Hercules, CA, USA). The amount of immuno-
reactive products in each lane was determined 
using the ChemiDoc Imaging System (BioRad 
Laboratories, Hercules, CA, USA). Values were 
calculated as relative absorbance units (RQ) per 
mg of protein and expressed as a percentage of 
the control.

Statistical Analysis
GraphPad Instat version 3.10 (GraphPad Software, 
San Diego, CA, USA) was used to perform statisti-
cal analysis. The data are shown as the means ± 
SEM. To assess the signifi cance of the differenc-
es in the evaluated parameters, one–way ANOVA 
with Dunnett’s post hoc test was performed with 
the signifi cance level of p < 0.05.

Results

Effect of betanin on STAT3 protein level in HepG2 
and THLE-2 cells
The level of STAT3 protein in cytosolic and nucle-
ar fractions of HepG2 and THLE-2 cells was 
investigated by Western blot using a specifi c 
antibody against this protein. As shown in Figure 
1, HepG2 cells incubated with either of the tested 
doses of betanin showed no signifi cant changes 
in the cytosolic level of STAT3 protein. However, 
an ~19% reduction in the nuclear STAT3 protein 
level was observed in these cells after treatment 
with betanin at the dose of 10 μM.

In THLE-2 cells, both cytosolic and nuclear lev-
els of STAT3 protein remained unchanged follow-
ing treatment with betanin at both tested doses.

Effect of betanin on STAT5a and STAT5b protein 
levels in HepG2 and THLE-2 cells 
Western blot analysis revealed a signifi cant 
increase in the cytosolic level of STAT5a protein 
in HepG2 tumor cells under the influence of 10 
μM betanin (see Figure 2). 

In contrast, an opposite trend of changes was 
observed in the nuclear levels of STAT5a and 
STAT5b proteins. At a dose of 10 μM, betanin sig-
nifi cantly decreased (by 20–22%) the nuclear lev-
els of both tested STAT5 isoforms in HepG2 cells 
(see Figures 2 and 3).

Similar to STAT3, no signifi cant changes in 
both cytosolic and nuclear levels of STAT5a and 
STAT5b proteins were observed in THLE-2 cells 
after incubation with betanin at any of the tested 
doses (see Figures 2 and 3).

Effect of betanin on KAP1 protein level in HepG2 
and THLE-2 cells 
As shown in Figure 4, a signifi cant increase in the 
nuclear level of KAP1 protein was noted in HepG2 
cells after incubation with 2 or 10 μM betanin (by 
38% and 52%, respectively), compared to the cells 
treated with DMSO.

However, in THLE-2 cells, a signifi cant 
decrease in the nuclear KAP1 protein level was 
observed after treatment with betanin at a dose 
of 10 μM.
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Figure 2. The effect of betanin on the level of the STAT5a protein in HepG2 and THLE-2 cells. A. Representative immunoblots show-
ing the cytosolic and nuclear levels of STAT5a protein. B. Data (mean±SEM) from three separate experiments in comparison to the 
control cells set to 100%. Asterisk (*) above the bar indicates statistically signifi cant differences from the control group, p < 0.05.
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Figure 1. The effect of betanin on the level of the STAT3 protein in HepG2 and THLE-2 cells. A. Representative immunoblots showing 
the cytosolic and nuclear levels of STAT3 protein. B. Data (mean±SEM) from three separate experiments in comparison to the control 
cells set to 100%. Asterisk (*) above the bar indicates statistically signifi cant differences from the control group, p < 0.05.
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Figure 3. The effect of betanin on the level of the STAT5b protein in HepG2 and THLE-2 cells. A. Representative immunoblots show-
ing the cytosolic and nuclear levels of STAT5b protein. B. Data (mean±SEM) from three separate experiments in comparison to the 
control cells set to 100%. Asterisk (*) above the bar indicates statistically signifi cant differences from the control group, p < 0.05.
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Figure 4. The effect of betanin on the level of the KAP1 protein in HepG2 and THLE-2 cells. A. Representative immunoblots showing 
the cytosolic and nuclear levels of KAP1 protein. B. Data (mean±SEM) from three separate experiments in comparison to the control 
cells set to 100%. Asterisk (*) above the bar indicates statistically signifi cant differences from the control group, p < 0.05.
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Discussion

Many studies have investigated the involvement of 
STAT3 in tumor development [17–19]. Recent evi-
dence indicates that STAT5 plays a signifi cant role 
in progression of several cancers, such as breast, 
colorectal, lung, prostate, and liver cancer [12]. 

In the case of liver cancer, STAT5 plays a dual 
role. First, STAT5 can act as an oncogene pro-
moting tumor development and progression 
by enhancing cell proliferation of cancer stem 
cells (CSCs), chemoresistance, and epithelial–
mesenchymal transition, a key mechanism that 
could lead to increased invasion and metasta-
sis [20–22]. Fu et al. [20] demonstrated that in 
HCC increased STAT5 expression regulated by 
GRAM domain-containing 1A (GRAMD1A), a cho-
lesterol transporter, could induce tumor growth, 
and chemoresistance and increased CSC side 
population and tumor cell survival by upregulat-
ing cyclin D1, Bcl-2, c-Myc, and c-Jun, as well as 
downregulating caspase 3 and poly (ADP-ribose) 
polymerase (PARP). Second, STAT5 can act as 
a tumor suppressor in the liver. Studies by Yu et 
al. [23] showed the upregulation of NADPH oxi-
dase 4 (NOX4), an enzyme involved in the gen-
eration of reactive oxygen species, as well as the 
induction of pro-apoptotic proteins: p53-upregu-
lated modulator of apoptosis (PUMA) and Bcl-2-
interacting mediator of cell death (BIM). 

These arguments convinced us to search for 
potential inhibitors of the abovementioned tran-
scription factors. Betanin is one such compound, 
which is found in beetroot and exhibits pleiotropic 
effects [3, 24], including on transcription factors.

In this study, we examined the translocation 
of STAT3 and STAT5 from the cytosol to the nuc-
leus. Our results showed that betanin decreased 
the nuclear levels of STAT3 and STAT5 in HepG2 
hepatoma cells. The most signifi cant inhibitory 
effect of betanin was observed at the higher dose 
(10 μM), at which the nuclear level of STAT3 was 
decreased in HepG2 cells. It should be empha-
sized that the inhibitory effect of betanin on STATs 
has not been explored in hepatoma cells. In nor-
mal hepatocytes, THLE-2, we did not observe any 
signifi cant changes in the levels of STATs. A simi-
lar effect has been reported for other components 
of sugar beet, namely betavulgarin in breast CSCs 
[25]. In addition, studies have demonstrated 
STAT inhibition in HepG2 cells using other phy-

tochemicals or active biological compounds. 
For instance, a study by Aggarwal and team [26] 
showed a reduction in the nuclear level of STAT3 
in HepG2 cells after treatment with Aegle marme-
los leaf extract, rutin, and quercetin. Soni et al. 
[27] observed a similar inhibitory effect of curcu-
min on the STAT3 protein level in the liver cancer 
line HepG2 and T-cell lymphoma line HuT78. 

Some studies verifi ed the possible involve-
ment of Ser727 phosphorylation of STAT3 in cell 
survival and activities. For example, a study sho-
wed the reduction of phosphorylation of STAT3 
at position Ser727 in the HepG2 cell line under 
the influence of resveratrol at a concentration of 
25 μM [28]. Additionally, Liu et al. [29] examined 
the effect of sulforaphane, which is abundant in 
cruciferous vegetables, such as cauliflower and 
broccoli, on the levels of total and phosphory-
lated STAT3 in the HepG2 cell line. The authors 
observed a reduction in the level of both proteins 
after treatment with sulforaphane at a concen-
tration range of 5–20 μM. 

Understanding the role of STAT3 could be 
crucial to determine the potential application of 
STAT3 as a marker in liver cancer.

Studies conducted so far on the effect of phy-
tochemicals on the JAK/STAT signaling pathway 
in an in vitro model mainly focused on the STAT3 
protein, while very few concerned the STAT5 pro-
tein. Therefore, the effect of betanin on STAT5 
may be of interest. 

The present study confi rmed the same direc-
tion of change for STAT5 also. At a dose of 10 μM, 
betanin signifi cantly decreased the nuclear level of 
STAT5a and STAT5b proteins in HepG2 cells. Jung 
et al. [30] also reported the inhibition of STAT5 
protein, but with other compounds and in diffe-
rent cell lines. The authors showed that oxymatri-
ne, a major alkaloid found in radix Sophorae fla-
vescent extract, inhibited the activation of STAT5 
and its binding to DNA in the lung cancer cell line 
A549. Sulforaphane has also been shown to inhibit 
STAT5 in the human leukemia cell line K562 [31]. 

Recent studies suggest that the KAP1 pro-
tein may interfere with STATs. KAP1 is a univer-
sal corepressor protein for the transcriptional 
repressors belonging to the KRAB zinc fi nger 
protein superfamily [13,15]. Tsuruma et al. [13] 
observed that endogenous KAP1 was associat-
ed with endogenous STAT3 in an in vivo model. 
KAP1 is susceptible to several posttranslational 
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modifi cations, including phosphorylation, which 
directly alters its biological functions. This pro-
tein is responsible for differentiation, transcrip-
tional regulation, gene silencing, and response to 
DNA damage. It also plays a role in the control of 
oxidative stress and carcinogenesis [32]. Hence, 
there has been increasing interest in using the 
KAP1 protein for diagnostic purposes or as 
a marker for cancer treatment.

In this study, we assessed the effect of beta-
nin on the level of KAP1. Our densitometric anal-
ysis showed that betanin increased the nuclear 
level of this protein in hepatoma cells while it 
decreased its level in normal cells. This discrep-
ancy may be due to the different mechanisms of 
action of betanin in cancer and normal cells or 
its interaction with other transcription factors. It 
should be emphasized that our study is the fi rst 
to determine the effect of betanin on KAP1 levels 
in hepatoma cells.

Few studies have been conducted by others 
to determine the level of KAP1 protein. Wang et 
al. [16] reported the overexpression of KAP1 in 
a human hepatoma cell line. In addition, compari-
sons between cancer and non-cancerous tissues 
proved that the expression level of KAP1 was sig-
nifi cantly higher in tumor tissues obtained from 
HCC patients. These data confi rm that KAP1 
plays an important role in the development of 
HCC and could be a valuable biomarker for tumor 
diagnosis and prognosis prediction, as well as 
a potential therapeutic target for the treatment of 
this disease. 

Similarly, in other research models, the 
expression of KAP1 has been shown to higher in 
cancer cells of various tissues (e.g. lung cancer 
cells) compared to noncancerous cells [33].

In summary, natural compounds can be effec-
tive in the prevention and treatment of liver can-
cer. Our study highlighted the inhibitory effect of 
betanin on STAT3 and STAT5 in HepG2 cells, thus 
confi rming its potential therapeutic effect. How-
ever, further in vitro and in vivo studies must be 
carried out to explain the mechanisms of chemo-
preventive and antitumor activity of phytochemi-
cals, including betanin.
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