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Phlorizin from sweet tea inhibits the progress of esophageal
cancer by antagonizing the JAK2/STAT3 signaling pathway
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Abstract. Phlorizin, an important member of the dihydrochal-
cone family, has been widely used as a Chinese Traditional
Medicine for treatment of numerous diseases. The present study
aimed to investigate the potential therapeutic effects of phlorizin
on esophageal cancer. Phlorizin, extracted from sweet tea, was
used to treat esophageal cancer cells. Cell proliferation, migra-
tion and invasion were determined using Cell Counting Kit-8
and colony formation assays, and wound healing and Transwell
assays, respectively. RNA sequencing and bioinformatics
analysis was used to investigate the potential mechanism of
phlorizin in the development of esophageal cancer. Fluorescent
staining and flow cytometry was used to measure the level of
apoptosis. The expression level of the proteins, P62/SQSTM1
and LC3 I/11, and the effect of phlorizin on the JAK2/STAT3
signaling pathway was detected using western blot analysis.
The results demonstrated that phlorizin could inhibit cell
proliferation, migration and invasion. Bioinformatics analysis
showed that phlorizin might be involved in pleiotropic effects,
such as the ‘JAK/STAT signaling pathway’ (hsa04630), ‘MAPK
signaling pathway’(hsa04010) and ‘apoptosis’ (hsa04210). It was
also confirmed that phlorizin promoted apoptosis and inhibited
autophagy in the esophageal cancer cells. Notably, phlorizin
might inhibit the proteins in the JAK/STAT signaling pathway,
which would affect cancer cells. Taken together, the present data
showed that phlorizin inhibited the progression of esophageal
cancer by antagonizing the JAK2/STAT3 signaling pathway.
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Introduction

Epidemiological investigations have shown that esophageal
cancer is one of the most common malignant tumors of the
digestive tract in the world (1-3). Its incidence and mortality
rates rank 7th and 6th among all malignant tumors worldwide
according to global cancer statistics in 2018 (4). In recent years,
neoadjuvant therapy (5,6), minimally invasive surgery (7,8)
and modern precision radiotherapy (9) for the treatments of
esophageal cancer have improved survival times; however, the
overall efficacy is still not high, with a 5-year survival rate
of 18% based on cases diagnosed between 2005 and 2011 in
North America (10). Natural products are important resources
for anticancer drugs (11,12), such as gypenoside L and matrine.
Studies have demonstrated that gypenoside L inhibited
the proliferation of esophageal cancer cells and enhanced
the sensitivity of them to chemotherapy (13), and matrine
increased the inhibition rate of cell proliferation by inducing
cell autophagy (14). Therefore, there is an urgent requirement
to develop natural medicine with high efficiency and minimal
side effects to improve the treatment of esophageal cancer and
improve population health.

The perennial shrub, Lithocarpus polystachyus Rehd,
commonly known as ‘sweet tea’ in Chinese folk, is often used
as a source of sweets and traditional oriental medicine (15).
Previous studies have shown that the aqueous extract from
the leaf of sweet tea inhibited breast cancer proliferation
and improved blood sugar status (16). Phlorizin (phloretin
2'-0-glucoside), the main component of sweet tea, is an impor-
tant member of the dihydrochalcone family. Previous studies
confirmed that phlorizin was the main phenolic glucoside in the
Malus species (17) and was one of the sodium-linked glucose
transporter inhibitors (18). A series of bioactive functions of
phlorizin have been discovered, such as lowering blood sugar
levels and improving memory, and having anti-oxidative and
anti-cancer properties (19-22).

The aim of the present study was to investigate the
therapeutic effects of phlorizin on esophageal cancer using
transcriptome sequencing and functional experiments, to
provide experimental evidence to develop phlorizin-based
anticancer foods or drugs.
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Materials and methods

Phlorizin extraction. Sweet tea leaves were collected from
woodland in Bama county in Guangxi, China. The fresh
sweet tea leaves were dried, sieved and immersed in an
ethanol solution. The mixture was then extracted using ultra-
sonic extraction (40 kHz for 20 min at room temperature)
and vacuum filtration, concentrated by rotary evaporation
to remove the ethanol, then freeze-dried to obtain a crude
product. Subsequently, 5 g crude extract was added to water
and dissolved in a treated macroporous resin column for
30 min. The column was washed with deionized water to
remove impurities, then the phlorizin was washed with 75%
ethanol. The solution was eluted to produce the eluate. The
concentrated eluate was removed from the ethanol and placed
in a zero-degree environment to recrystallize. The crystallized
product was further filtered to obtain a dry powder, which is a
dry saponin monomer of phlorizin (Fig. 1).

Determination of the phlorizin content of the dry powder.
The purity of the dry powder (a dry saponin monomer of
phlorizin) was determined using a Waters ACQUITY ultra
performance liquid chromatography H-Class system (Waters
Corporation), equipped with an ACQUITY UPLC BEH Cj
(1.7 pm; 2.1x50 mm; Waters Corporation) analytical column
coupled with a column filter and the column temperature
was kept at 30°C. The mobile phase consisted of water (A)
and acetonitrile (B) in a maintained ratio (73:27), with a flow
rate of 0.2 ml/min. The injection volume of the sample was
10 pl and the detection wavelength was set at 285 nm. A
total of 10.00 mg phlorizin standard (Beijing Century Aoke
Biotechnology Co., Ltd.) was weighed, diluted with 10 ml
methanol and completely dissolved to obtain the internal
standard. The purity of the dry saponin monomer of phlorizin
was at least 95%.

Cell culture and treatments. The human KYSE450 and
KYSE30 cell lines were kindly gifted from Dr Y. Shimada
from the First Department of Surgery, Hyogo College of
Medicine (Hyogo, Japan). Both the cell lines were then culti-
vated in RPMI-1640 medium (Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS (Thermo Fisher Scientific, Inc.),
100 pg/ml streptomycin and 100 U/ml penicillin (Beijing
Solarbio Science and Technology Co., Ltd.) at 37°C in a
humidified incubator with 5% CO,. The cells were seeded in
cell culture plates overnight in complete medium, then treated
with various concentrations (0, 0.05, 0.10, 0.20, 0.40, 0.80 a
nd 1.60 mM) of phlorizin dissolved in dimethyl sulfoxide
(DMSO; final concentration <0.1%; Sigma-Aldrich; Merck
KGaA).

Cell viability assay. The Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc.) assay was utilized to detect the
viability of the cells. A total of 5x10° cells were seeded into
each well of a 96-well plate, then incubated with phlorizin at
different concentrations. At 24, 48 or 72 h, 10% CCK-8 solu-
tion was added to the cells and incubated for another 2 h. The
optical density was measured at 450 nm using a microplate
reader (Tecan Group). The proliferation of the cells, treated
with phlorizin, was normalized to the control cells. The 50%
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Figure 1. Chemical structure of phlorizin.

inhibitory concentration (ICs,) in the two cell lines was calcu-
lated using SPSS v23.0 (IBM Corporation).

Colony forming assay. The cells (3x10° cells/well) were seeded
in 6-well plates to 80% confluency. After treated with phlorizin
at 0.20 or 0.80 mM for 24 h, the cells (2x10? cells/3 ml) were
digested with 0.25% trypsin (Thermo Fisher Scientific, Inc.)
and seeded into a 30 mm culture dish for 14 days. Cells without
the treatment of phlorizin served as a control. After fixing
with 4% paraformaldehyde, for 15 min at room temperature,
followed by 0.1% crystal violet staining for 30 min at room
temperature, washing with PBS and air-drying, the colonies
were detected using an IX71 inverted fluorescent microscope
(Olympus Corporation), at x40 magnification.

Wound healing assay. Wound healing assay was used to deter-
mine cell migration. The esophageal cancer cells (KYSE450
and KYSE30) were seeded (3x10° cells/well) in a 6-well plate
and cultured at 37°C in a humidified incubator with 5% CO,.
When the cell monolayer was 100% confluent, the cells were
scraped with a sterile 200 ul pipette tip, then washed 3 times
with PBS to remove the cell debris. Subsequently, the cells
were treated with phlorizin (0.00, 0.20 and 0.80 mM) for
0, 24, 48 and 72 h. Images of the wound gap were captured
using an IX71 fluorescent microscope (magnification, x40;
Olympus Corporation) at 0, 24, 48 and 72 h after scratching.
The distance between the edges of the wound was then
measured using ImageJ software (v1.42q; National Institutes
of Health).

Transwell assay. Transwell chambers (8-um) coated with
or without Matrigel (incubated at 37°C for 5 h) (Corning,
Inc.) were used to determine the cell migratory and invasive
abilities of the cells. In brief, the esophageal cancer cells
(3x10° cells/well) were seeded in 6-well plates overnight and
treated with phlorizin (0.00, 0.20 and 0.80 mM) for 24 h.
Subsequently, the cells (1.5x10° cells/200 pl) were added to
the upper chamber with serum-free RPMI-1640 medium and
incubated at 37°C in a humidified incubator with 5% CO, for
24 h. The non-migratory and non-invasive cells were then
washed away with a cotton swab. The migrated or invaded
cells in the lower chamber, which were incubated with
complete medium, were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet, both for 30 min at room
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temperature. An inverted fluorescent microscope (Olympus
Corporation) was used to count the invasive or migratory cells
at x200 magnification.

RNA sequencing (RNA-Seq). TRIzol® (Invitrogen; Thermo
Fisher Scientific, Inc.) was used to extract total RNA from
the KYSE450 cells with or without 0.5 mM phlorizin for
48 h, in accordance with manufacturer's instructions. A
NanoPhotometer spectrophotometer (Implen GmbH) was
used to measure RNA purity. RNA integrity was assessed
using the RNA Nano 6000 Assay kit and the Bioanalyzer
2100 system (Agilent Technologies, Inc.). RNA-Seq libraries
were constructed using the NEB Next Ultra RNA Library Prep
kit for Illumina (cat. no. E7420L; New England Biolabs, Inc.).
The concentration of the RNA library was measured using a
Qubit® RNA Assay kit and a Qubit® 2.0 Flurometer (Thermo
Fisher Scientific, Inc.) then the RNA was diluted to 1 ng/ul.
Poly-T oligo-attached magnetic beads were used to enrich
the RNA with a polyA tail for cDNA synthesis. Subsequently,
cDNA was ligated to a cBot Cluster Generation System using
TruSeq PE Cluster Kit v3-cBot-HS (cat. no. PE-401-3001;
[Mlumia, Inc.). The libraries were then sequenced on an
[Mlumina Hiseq 4000 platform (Illumina, Inc.) to generate
150 bp paired-end reads. RNA-Seq and data collection was
performed by Beijing Biomics Biotech Co., Ltd.

Data preprocessing. Raw data in the FASTQ format were
firstly processed using in-house perl scripts (v5.32.1; Perl
Foundation). Briefly, clean data was obtained by removing
reads containing adapter, ploy-N and low-quality reads from
the raw data. Clean and trimmed FASTQ reads were aligned
to the human hgl9 genome using TopHat (v2.0.12) (23).
Cufflinks (v2.1.1) (24) was used to assemble the mapped
reads of each sample. Fragments per kilobase of transcript per
million mapped reads was used to determine the transcription
abundance of each gene.

Biological function and pathway enrichment analyses. The
edgeR package (v3.26.8) from Bioconductor in R language
(http://www.bioconductor.org/) was used to identify differ-
entially expressed genes (DEGs) with the fold change of >2
and the false discovery rate of <0.01. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were performed to identify the potential
enriched biological functions of the DEGs. KEGG Orthology
Based Annotation System v2.0 software (http://kobas.cbi.pku.
edu.cn) was used to performed statistical enrichment analysis
of the DEGs in the GO and KEGG pathways. Q-value <0.05
was set as the cut-off for selecting the significantly enriched
GO terms and KEGG pathways.

Hoechst and annexin V staining. Hoechst33342 staining was
used to observe the nuclear morphology of the apoptotic cells.
The esophageal cancer cells (KYSE450 and KYSE30) were
seeded (3x10° cells/well) in a 6-well plate and cultured at 37°C
in a humidified incubator with 5% CO, overnight prior to
phlorizin treatment (0.00, 0.20 and 0.80 mM). After 48 h, the
cells were washed with PBS and fixed with 4% paraformal-
dehyde for 15 min at room temperature, followed by staining
with 3 ug/ml Hoechst33342 solution (Beijing Solarbio Science
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and Technology Co., Ltd.) for 10 min at room temperature
in the dark. The stained cells were then washed with PBS
and observed using an IX71 fluorescent microscope at x400
magnification (Olympus Corporation).

Annexin V staining was used to detect apoptotic cells
using live cells. The KYSE450 and KYSE30 cells were
seeded (3.0x10° cells/well) in 6-well plates and cultured
at 37°C in a humidified incubator with 5% CO, overnight.
Subsequently, the cells were treated with 0.1% DMSO or
phlorizin (0.20 or 0.80 mM) for 48 h. After washing with PBS,
the cells were labeled with an Annexin V-FITC/PI apoptosis
detection kit (BD Biosciences) and were visualized using an
IX71 fluorescent microscope (magnification, x100; Olympus
Corporation).

Flow cytometry analysis. Flow cytometry analysis was also
used for a cellular apoptosis assay. Following 48 h-treatment
of phlorizin, the cell pellets were harvested and resuspended in
500 ul binding buffer supplemented with 5 ul Annexin V-FITC
and 5 1 PI (BD Biosciences) for 20 min in dark, then detected
using a flow cytometer (CytoFlex; Beckman Coulter, Inc.).
The percentage of apoptotic cells was analyzed using FlowJo
software (v10.0.7; Tree Star, Inc.).

Western blot analysis. The KYSE450 and KYSE30
esophageal cancer cells were treated with phlorizin
(0.00, 0.20 and 0.80 mM) for 48 h, then lysed using RIPA
buffer (Thermo Fisher Scientific, Inc.). The supernatant
containing the total protein, was collected by centrifuga-
tion at 14,000 x g at 4°C for 17 min, then the concentration
of the total protein was detected using a BCA kit (Beijing
Solarbio Science and Technology Co., Ltd). Either a 10 or 12%
SDS-PAGE (80 ug protein loaded per lane) was used to sepa-
rate the different proteins. Subsequently, the proteins were
transferred to nitrocellulose membranes. After blocking for
50 min with 5% skimmed milk in TBS with 0.05% Tween-20
at room temperature, the membranes were incubated with the
primary antibody overnight at 4°C, then washed and incu-
bated with HRP-conjugated secondary antibodies for 30 min
at 37 C. The target proteins were then visualized using an ECL
kit (GE Healthcare) and an E-Gel imager (Universal Hood II;
Bio-Rad Laboratories, Inc.), then analyzed using ImageJ soft-
ware (v1.42q; National Institutes of Health). -actin was used
as the control. The following primary antibodies were used:
Anti-P62/SQSTMI1 (1:10,000 dilution; cat. no. ab109012;
Abcam), anti-phosphorylated(p)-JAK2 (1:5,000 dilu-
tion; cat. no. ab32101; Abcam), anti-p-STAT3 (1:5,000
dilution; cat. no. ab68153; Abcam), anti-JAK?2
(1:5,000 dilution; cat. no. abl08596; Abcam), anti-STAT?3
(1:5,000 dilution; cat. no. ab76315; Abcam), anti-f3-actin
(1:2,000 dilution; cat. no. 60008-1-lg; Proteintech Group, Inc.)
and anti-LC3B (1:2,000 dilution; cat. no. 2775; Cell Signaling
Technology, Inc.). The following secondary antibodies were
used: Goat anti-mouse IgG (1:5,000 dilution; cat. no. S0002;
Affinity Biosciences Co., Ltd), goat anti-rabbit IgG (1:5,000;
cat. no. ZB-2301; OriGene Technologies, Inc.).

Monodansylcadaverine (MDC) staining. Cell autophagy was
investigated using a MDC assay kit (Beijing Solarbio Science
and Technology Co., Ltd). The esophageal cancer cells were
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harvested and adjusted to a density of 1x10° cells/ml. The cell
suspension was stained with MDC stain for 20 min at room
temperature and resuspended in collection buffer according
to the manufacturer's instructions. The cell suspension was
dropped onto a slide, then covered with the cover slip. Cell
autophagy was determined using an IX71 inverted fluorescent
microscope (magnification, x100; Olympus Corporation).

Statistical analysis. SPSS v23.0 (IBM Corporation) and
GraphPad Prism v7.0 (GraphPad Software, Inc.) were used
for data analysis. The data was presented as the mean + SEM.
To analyze the differences among groups, either an unpaired
Student's t-test or one-way ANOVA was used with Dunnett's
post hoc test. P<0.05 (two-sided) was considered to indicate a
statistically significant difference.

Results

Phlorizin inhibits cell viability in human esophageal cancer
cells. A CCK-8 assay was used to determine the effect of phlo-
rizin on esophageal cancer cell viability. The results showed
that phlorizin inhibited the proliferation of esophageal cancer
cells (KYSE450 and KYSE30) in a time- and dose-dependent
manner (Fig. 2A and B). This inhibitory effect was also
confirmed by colony formation experiments (Fig. 2C-F).

Phlorizin modulates esophageal cancer migration and
invasion in vitro. To further validate the effect of phlorizin
on tumor migration and invasion, the aforementioned cells
were treated with phlorizin, at different concentrations and
observed at different time points. Wound healing assay showed
a marked decrease in the edge closure speed of the wound in
phlorizin-treated cells, indicating the inhibition of phlorizin on
the migration of esophageal cells (Fig. 3A-D). The results from
a Transwell assay further supported this result (Fig. 3E and F).
To determine the cell invasive ability, a Matrigel assay was
used. As illustrated in Fig. 3G and H, the number of invaded
cancer cells in the lower chamber was significantly reduced
by the addition of phlorizin. Taken together, these results indi-
cated that phlorizin had a significant effect on the migration
and invasion of esophageal cancer cells.

DEG identification and functional annotation. To identify the
genes regulated by phlorizin in esophageal cancer cells, DEGs
were identified using RNA-Seq. There were 749 upregulated
genes and 1,405 downregulated genes in the KYSE450 cells
treated with phlorizin compared with that in the control
(Fig. 4A and B). Furthermore, the autophagy marker gene,
P62/SQSTMI had high expression levels, which was of interest
(Fig. 4B). In addition, GO was used to analyze the biological
functions of the DEGs, including three aspects of biology:
Biological processes, cellular components, and molecular
function. The top 20 GO terms of the DEGs were primarily
involved in biological processes and molecular functions
(Fig. 5A). KEGG pathway analysis showed that the DEGs were
significantly enriched in ‘TNF signaling pathway’ (hsa04668),
‘NF-«B signaling pathway’ (hsa04064) and ‘Pathways in
cancer’ (hsa05200) (Fig. 5B). According to the number of
DEGs, the top 5 KEGG pathways included ‘pathways in
cancer’ (hsa05200), ‘MAPK signaling pathway’ (hsa04010),

‘HTLV-1 infection’ (hsa05166), ‘Cytokine-cytokine receptor
interaction’ (hsa04060) and ‘PI3K/AKT signaling pathway’
(hsa04151) (Fig. 5C). With respect to the KEGG classification,
most of the DEGs were involved in environmental information
possessing and human diseases (Fig. 5C).

Phlorizin induces the apoptosis of esophageal cancer cells.
As the KEGG pathway analysis showed that the DEGs were
significantly enriched in apoptosis-related pathways, apoptosis
analysis was performed. Hoechst33342 staining showed that
the KYSE30 and KYSE450 cells treated with phlorizin had
notable apoptosis characteristics, such as chromatin condensa-
tion and nuclear fragmentation (Fig. 6A and B). Consistently,
Annexin V/PI staining showed that phlorizin increased the
number of apoptotic cells (Fig. 6C and D). In addition, flow
cytometry analysis showed that there were more early and
total apoptotic cells in esophageal cancer cells treated with
phlorizin compared with that in the control (Fig. 6E). Notably,
the high concentration of phlorizin (0.80 mM) resulted in
more apoptotic cells compared with that in cells treated with
0.20 mM phlorizin.

Phlorizin inhibits autophagy of esophageal cancer cells.
As aforementioned, phlorizin increased the mRNA expres-
sion level of P62/SQSTMI1 (Fig. 4B) and the DEGs were
significantly enriched in the ‘M APK signaling pathway’
(Fig. 5C) in esophageal cancer cells. It is well-known that the
MAPK signaling pathway (25,26) and P62/SQSTMI1 (27-29)
play an important role in autophagy. Therefore, the effect of
phlorizin on autophagy in the esophageal cancer cells was
investigated.

The cells treated with increasing concentration of phlorizin
showed an increased protein expression level of P62/SQSTM1
and decreased protein expression level of LC3II (Fig. 7A-D).
As the critical indicators of autophagic flux, the changes in the
protein expression level of P62/SQSTMI and LC3II suggested
that phlorizin could be involved in cell autophagy.

In addition, MDC is a selective fluorescent marker for
autophagic vacuoles. The MDC staining results are presented
in Fig. 7E-G and showed that compared with that in the control
group, the cells treated with phlorizin showed an increased
number of autophagic cells in a dose-dependent manner.

Phlorizin inhibits the expression of the proteins in the
JAK/STAT signaling pathway in esophageal cancer cells.
Bioinformatics analysis showed that phlorizin was signifi-
cantly enriched in the JAK2/STAT3 pathway in the KYSE450
cells (Fig. 5C). The JAK2/STAT3 signaling pathway has a
regulatory effect on esophageal cancer growth, metastasis
and apoptosis (30-32). To determine whether phlorizin was
involved in JAK2 and STAT3 activation, the expression
levels of the proteins involved in the JAK2-STAT3 signaling
pathway were analyzed using western blot analysis. The
results demonstrated that phlorizin not only inhibited the
phosphorylation of JAK2 and STAT?3, but also the expression
of total JAK?2 and STAT?3 protein. Notably, phlorizin exhibited
greater JAK2/STAT?3 signal antagonism at high concentra-
tions (Fig. 8A-F). These findings indicated that phlorizin may
have a positive therapeutic effect on esophageal cancer by
antagonizing JAK2/STAT3 signal transduction.
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Figure 2. Cell viability analysis of esophageal cancer cells treated with phlorizin. (A) KYSE450 and (B) KYSE30 cells were treated with different concentra-
tion of phlorizin for 24, 48 and 72 h, then cell viability was measured using a Cell Counting Kit-8 assay. Images of the (C) KYSE450 and (E) KYSE30 cells
from the colony forming assay and the results were subsequently (D and F) quantitatively analyzed. IC,, was calculated for each group using SPSS. The results

are from 3 independent experiments and normalized to the control. ““P<0.001.

Discussion

In recent years, numerous available natural plant-derived
agents, with low toxicity, have been identified to be effective in
treating cancer by suppressing the proliferation of cells (33,34).
Cancer cells exist in a complex environment; therefore, the
underlying mechanisms of how these natural plant-derived
agents are involved in pro-apoptosis, anti-autophagy and
anti-proliferation of cancer cells is still unknown.

Phlorizin is the main component of the Chinese Traditional
Medicine ‘sweet tea’, which can be used to prevent and
treat esophageal cancer by drinking it daily. According to
the results of the present study, by suppressing esophageal
cancer cell proliferation, migration and invasion, phlorizin
might serve as an effective esophageal cancer cell inhibitor
in vitro. The concentration of phlorizin used in the present

study was in-line with previous studies, in other types of
cancer (35,36). In the present study, more efforts were made
to determine the signaling pathway that phlorizin could affect.
GO and KEGG pathway analyses showed that the DEGs
were enriched in apoptosis and autophagy-related pathways.
The detection of apoptosis and autophagy, using different
methods, further verified this prediction. Autophagy and
cell apoptosis, which represent type II and I programmed
cell death respectively, have been associated with tumor
genesis and progression (37-40). The present study showed
that phlorizin induced apoptosis and antagonized autophagy
of the esophageal cancer cells. LC3 and P62/SQSTMI, the
pivotal proteins of autophagy, participate in the formation
and clearance of the autophagosome (41-44). Physiologically,
soluble LC3-1I is present in the cytoplasm. When autophagy
occurs, LC3-I can be converted to LC3-II by processing
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Figure 3. Cell migratory and invasive abilities of phlorizin-treated esophageal cancer cells. (A) Wound healing assay was performed following treatment of
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(C) Wound healing assay was performed following treatment of the KYSE30 cells with phlorizin and images were captured at 0, 24, 48 and 72 h later, and the
results were (D) statistically analyzed. Magnification, x40. (E) Cell migration was determined using a Transwell assay following treatment of the KYSE450
and KYSE30 cells with phlorizin and the results were (F) statistically analyzed. Magnification, x200. (G) Cell invasion was evaluated using a Matrigel assay
following treatment of the KYSE450 and KYSE30 cells with phlorizin and the results were (H) statistically analyzed. Magnification, x200. The results are
from 3 independent experiments and normalized to the control. "P<0.035, “P<0.01, ““P<0.001 vs. control.
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Figure 4. Changes in gene expression in the esophageal cancer cells treated with phlorizin. (A) The cluster heatmap of the DEGs and the green to red color
scale indicates the value of log2 FPKM. (B) The volcano plot of the DEGs. The green and red indicates the down- and upregulated DEGs, respectively.
DEGs, differentially expressed genes; FPKM, Fragments per kilobase of transcript per million mapped reads.
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Figure 6. Phlorizin induces apoptosis of the esophageal cancer cells. Phlorizin induced apoptotic morphological changes in the (A) KYSE450 and (B) KYSE30
cells following treatment for 48 h were detected using Hoechst 3332 and the images were captured using a fluorescent microscope. Magnification, x400.
Phlorizin induced apoptotic phase changes in the (C) KYSE450 and (D) KYSE30 cells following treatment for 48 h were detected using detected by
Annexin V-FITC/PI staining. Magnification, x100. (E) Flow cytometry was used to detect the apoptosis-inducing ability of phlorizin in the KYSE30 cells.
Each experiment was performed in triplicate.
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staining in the KYSE30 cells. Magnification, x100. “P<0.05, “P<0.01 and "“P<0.001.

modifications. Most of the LC3-II proteins are distributed on
the autophagosome membrane and a few are distributed on the
membrane of the pre-autophagosome. LC3-II is an autophagy
marker molecule, which reflects the autophagy activity of
cells (41,45-47). P62/SQSTMI is a ubiquitin-binding protein,
which is expressed in numerous types of tissue and partici-
pates in a variety of signal transduction processes, as well as
autophagy. P62/SQSTM1 is degraded by autophagy lysosome
and is negatively associated with autophagy activity (44). To
further verify the results, MDC-specific autophagy staining
was performed and the results showed the inhibitory effect
of phlorizin on autophagy. When cell energy is in crisis,
autophagy can provide an alternative source of nutrition to
the cells and prolong cell life. Autophagy can maintain energy
homeostasis, which is crucial for the survival of mice during
the early period of neonatal starvation (48). Autophagy is also
involved in the maintenance of gene integrity by clearing the
damage in response to metabolic stress, drug treatment and
radiation damage. Therefore, inhibiting autophagy in cancer

cells could improve the sensitivity of tumor cells to radio-
therapy and chemotherapy (49).

In addition, numerous studies have shown that the
JAK/STAT signaling pathway is important for growth,
metastasis and apoptosis of esophageal cancer (50,51).
STAT3 has been reported to regulate the expression of
different microRNAs, which targets autophagy-related
genes. For example, STAT3 upregulated MIR17HG via
the highly conserved STAT3 binding site in its promoter
region, and family members of the MIR17HG cluster
target the autophagy-related genes, ULK1, BECNI and
BCL2L11 (52-55). The results from the current study,
suggested that phlorizin may exert an antitumor effect by
inhibiting the JAK2/STAT3signaling pathway. However,
the lack of using a JAK2/STAT3 agonist, antagonist or
rescue experiments is a limitation to the present study,
and the evidence supporting the effect of phlorizin on the
JAK?2/STAT3 signaling pathway is insufficient and further
verification is required. According to the results from


https://www.spandidos-publications.com/10.3892/or.2021.8088

10 JIA et al: PHLORIZIN INHIBITS THE PROGRESSION OF ESOPHAGEAL CANCER
A KYSE450 B KYSE450
Phlcrizin (mM . .
(mM) 0 0.20 0.80 o 20 . e 15
(=] =
JAKD | — m—  e— @ g .
e __ - 2]
sg 5K 1.0
P-JAKZ | e — — s < op
33 104 g
STATS | 2 &= .
. S 05
2= 0.5+ 2%
p-STAT3| "D T — z <
T 0o0- oo
p-actin | < ————— © 0 020 080 0 020 080
Phlorizin (mM) Phlorizin (mM)
C KYSE450
§ 08+ 5§ 10- 5 5§ 1.0q
4 g —— g g
SE 0.6 5 E 089 SE § gos
c® S 3 83 3@
£ a2 c .5 0.64 S A c o 061
25 04 gy g o
a8 5204- gg g&a$
S w
£~ 02 £¢ o2 22 2202
I @ « ko
€ o0 € 00- < : é 0.04 —
Y0 020 770 020 0.80 0 020 0.80 770 020 0.80
Phlorizin (mM) Phlorizin (mM) Philorizin (mM) Phlorizin (mM)
D KYSES30 E KYSE30
Phlorizin (mM) 0 0.20 0.80 - .
c 2.0+ xh c 1.0- ey
JAK2 | S G a— 3 3
® = 2 & 0.8-
p-JAK? | . g g
< 2 0.64
£3 ca ™
@ @ M
STAT: | S S—— — gé 2 E 0.4
o o
. == 2z 2 g2
p-STATS | m— - 3 g 0.2
= & € 00
B-actin o) GED e 0 0.20 0.80 770020 0.80
Phlorizin (mM) Phlorizin (mh)
F KYSE30
c c "
S 159 S 201 ses & 25- 5 201 e
% = 1] g = wRE
g 8~ X 8=
o= 5 E 1.5 s£- 5£ 15
® T 1.0 338 33 56
g < = £ A5 15 cs
S §Z 1.0 55 T ® 1.0
ax ox 2 & 1.0 ok
oS 057 S o aE
2= o2 0.5 2L o ¢ 054
3 = g - I
T o £ 00 € 00 & o0
. 0 020 0.80 : 0 020 0.80
Phlorizin (mM) Phlorizin (mM) Phlorizin (mM) Phlorizin (mM)

Figure 8. Phlorizin inhibits the activation of the JAK2/STAT?3 signaling pathway. (A) The expression level of the proteins involved in the JAK2/STAT3 signaling
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e

are presented as the mean + SEM. "P<0.05, “P<0.01 and

RNA-Seq, phlorizin might exert its effects by affecting
other signaling pathways. This possibility remains to be
verified. To further substantiate the results, in vivo experi-
ments will also be performed to fully clarify the molecular
mechanism of phlorizin in esophageal cancer. In addition, if
a positive control group is designed, false negatives can also
be ruled out.

P<0.001. p, phosphorylated; NS, not significant.

In summary, the results from the present study revealed
that phlorizin inhibited cell proliferation, invasion, migra-
tion, autophagy and activated apoptosis by antagonizing the
JAK?2/STAT3 signaling pathway. The finding will provide a
theoretical basis and possibility for phlorizin as a natural food
or pharmaceutical ingredient in the treatment of esophageal
cancer.
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