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Background: The aim of this study was to observe the preventive effect of flavonoids
extracted from Malus asiatica Nakai leaves (FMANL) on esophageal cancer in mice,
especially the ability of FMANL to regulate the interleukin 17 (IL-17) signaling pathway
during this process.

Materials and Methods: The C57BL/6J mice were treated with 4-nitroquinoline N-oxide
(4NQO) to induce esophageal cancer, and the visceral tissue index and the serum and
esophageal tissue indexes of mice were used to verify the effect of FMANL.

Results: The experimental results showed that FMANL can effectively control the changes in
visceral tissue caused by esophageal cancer. FMANL could increase the cytokine levels of
interleukin 10 (IL-10), monocyte chemotactic protein 1 (MCP-1) and decrease the cytokine levels
of tumor necrosis factor alpha (TNF-a), interferon-y (IFN-y), interleukin 6 (IL-6), and interleukin
12p70 (IL-12p70) in serum of mice with esophageal cancer. FMANL could also reduce CD3",
CD4", and CD8" and enhance CD19" mouse peripheral blood lymphocytes. The results of gPCR
and Western blot analysis showed that FMANL could down-regulate the mRNA and protein
expression levels of IL-17, interleukin 23 (IL-23), interleukin 1 beta (IL-1), chemokine (C-X-C)
ligand 1 (CXCL1), chemokine (C-X-C) ligand 2 (CXCL2), S100 calcium-binding protein A8
(S100A8), S100 calcium-binding protein A9 (S100A9), matrix metalloprotein 9 (MMP-9), and
matrix metalloprotein 13 (MMP-1) in mice with esophageal cancer. High-performance liquid
chromatography (HPLC) detection showed that FMANL contained 10 chemicals, including
rutin, hyperoside, isoquercitrin, dihydroquercetin, quercitrin, hesperidin, myricetin, baicalin, neo-
hesperidin dihydrochalcone, and quercetin.

Conclusion: It could be concluded that FMANL can effectively prevent experimentally
induced esophageal cancer in mice, and its effects might be obtained from 10 compounds
present in FMANL.

Keywords: Malus asiatica Nakai leaves, flavonoid, esophageal cancer, C57BL/6] mice,
mRNA IL-17 signaling pathway

Introduction

Malus asiatica Nakai (MAN) is a kind of Malus mill plant in the family Rosaceae,
which contains nitrogen, phosphorus, potassium, and other mineral elements, as
well as a variety of vitamins and flavonoids.' Rosaceae plants have a wide range of
pharmacological functions, such as anti-cancer, anti-tumor, liver-protecting, anti-
aging, anti-mildew, antibacterial, lipid-lowering and cholesterol-lowering effects.””
In South China, MAN leaves (MANL) are used as drinks similar to tea.® In
addition, MANL are also used for food preservation, and the MANL juice can
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prevent Ciba (a cake food made of glutinous rice) from
deterioration for several months.’

Flavonoids are abundant in natural plants, especially in
leaves.® As the core component of the biological activity
of some plant leaves, plant flavonoids have a strong anti-
oxidative effect, and they also exert the functions of
enhancing immunity, preventing heart and brain blood
diseases, and reducing blood lipids and cholesterol,
which play an important role in human fat metabolism.” "

Esophageal cancer is a common digestive tract tumor,
and about 300,000 people die of esophageal cancer
every year in the world.'? The occurrence of esophageal
cancer may be related to many factors, such as heredity,
environment, and lifestyle, but the exact pathogenesis has
not been clarified. Immune cells, fibroblasts, structural
molecules, and inflammatory cytokines in the tumor
microenvironment can promote the development of eso-
phageal cancer. After activation and expansion, CD4"
T cells differentiate into Thl, Th2, and Th17 cell subsets
with  different
Interleukin-17 (IL-17), a key cytokine in this family, is

cytokines and effector functions.'?
mainly produced by Th17 cells.'* IL-17 plays an important
role in a variety of human tumors, and a study has shown
that

carcinogenesis.'>'® 4-Nitroquinoline N-oxide (4NQO) is

IL-17 also plays a key role in esophageal
a carcinogen, which can induce esophageal carcinogenesis
in C57BL/6J mice, and it is often used as an experimental
esophageal cancer model."”

MANL are also often used as a tea-like drink or med-
icine in China, but the related product has not been fully
developed and utilized due to lack of in-depth research and
development. Some famous tea products in the world have
been fully studied, including the extraction of functional
components and product development. In this study,
FMANL were used as the research object to study the
role of FMANL in the prevention of esophageal cancer
in vivo. At the same time, molecular biological detection

technology was used to explain the mechanism of MANL.

Materials and Methods
Flavonoids from Extraction of Malus

asiatica Nakai Leaves (FMANL)

MANL (Yichang Fengxiang Biotechnology Co., Ltd.,
Yichang, Hubei, China) were crushed and screened.
Then, they were weighed to 200 g and put into a beaker.
Further, 70% ethanol was added according to the liquid to
material ratio of 20:1, and it was bathed in water at 60°C

for 3 h. After filtration, the extracted liquid was passed
through the FL-3 macroporous resin. The resin was then
eluted with 70% ethanol until it was colorless, and the first
and second resin passing liquids were combined. The
resinous liquid was evaporated to dryness by using
a rotary evaporator, and the FMANL extract was obtained.

Determination of FMANL Composition
Dry rutin, hyperoside, isoquercitrin, dihydroquercetin,
quercitrin, hesperidin, myricetin, baicalin, neohesperidin
dihydrochalcone, and quercetin were weighed accurately
in a 5 mL centrifuge tube, and 2 mL methanol solution
was added respectively and then mixed, as the standard
stock solution. Under the condition of liquid chromatogra-
phy (Ultimate3000; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), the components and contents of
flavonoids were determined. The chromatographic column
was Thermo Scientific accucore C18 (4.6 mm x 150 mm,
2.6 um), the gradient elution mobile phase C was acetoni-
trile, the mobile phase B was 0.5% glacial acetic acid
aqueous solution, the flow rate was 0.5 mL/min, the col-
umn temperature was 35°C, the detection wavelength was
360 nm, and the injection volume was 10 pL.

Induction of Gastric Injury in Mice

Forty 6-week-old SPF male C57BL/6J] mice (20+2g,
Chongging Medical University. Chongqing, China) were
fed adaptively for one week. The mice were divided into
four groups; 10 mice in each group, and the groups were
normal group, model group, low concentration FMANL
group (FMANL-L), and high concentration FMANL group
(FMANL-H). In the first eight weeks, mice in the normal
group and the model group were only allowed to get food
and water without any other treatment; mice in the FMANL-
L and FMANL-H groups were treated with 50 mg/kg and
100 mg/kg FMANL by gavage. Then in addition to the
normal group, drinking water of mice in the other three
groups was replaced by 4NQO water with a concentration
of 100 mg/L for ten weeks.'® Then the use of 4NQO water
as drinking water was terminated, and all mice were given
sterilized water as drinking water for four weeks. In the
14 weeks, mice in the FMANL-L and FMANL-H groups
continued to receive FMANL at the corresponding concen-
tration. Finally, all mice were fasted for 24 hours. Mice were
killed by breaking their necks. Blood was obtained from
their hearts and visceral tissues for use. Organ index was
calculated by using the following formula: organ index =
organ weight/body weight. This study was approved by the
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Ethics Committee of Zhengzhou University (Zhengzhou,
Henan, China) according to the guidelines for ethical review
of experimental animal welfare (China National Standard
GB/T 35,892-2018).

Detection of Serum Cytokines

The blood from mice was added to the blood vessels and
kept at 4°C for 1 hour, and then the blood was centrifuged
at 4000 rpm/min for 15 min. The upper serum layer was
obtained, and the IL-6, IL-10, IL-12p70, MCP-1, TNF-q,
and IFN-y cytokine levels in mice were detected with the
kits (Solarbio Life Sciences, Beijing, China).

Detection of Whole Blood Lymphocyte
Typing

After blood centrifugation, the lower blood cells were
obtained, and the cells were resuspended by 1 mL of
0.01 mol/LPBS. Each mouse was divided into four
tubes and labeled. Each tube was successively added
with 10 pL diluted antibodies (IgG-FITC/IgG2a-PE,
CD3-FITC/CD19-PE, CD3-FITC/CD4-PE, and CD3-
FITC/CD8-PE) (Solarbio Life Sciences), and incubated
at room temperature and darkness for 20 min. Each
tube was added with 400 puL of red blood cell lysate to
lyse the red blood cells. The cells were vortex mixed and
lysed on ice for 15 min at 4°C. Then, the lysate was
centrifuged at 1000 rpm/min for 10 min, the supernatant
was discarded, the precipitated cells were washed twice
with 0.01 mol/L PBS, and the cells were resuspended
with 500 pL/tube of 1% paraformaldehyde. Finally, flow
cytometry was used to detect the lymphocyte subsets in
the peripheral blood of mice.

Quantitative PCR (qPCR) Detection

An esophageal tissue of moderate size was cut,
RNAiso Plus was added to break the tissue in
a tissue homogenizer, and RNA was extracted from
tissue homogenizer lysate and amplified by reverse
transcription cDNA and PCR. The amplification condi-
tions were as follows: pre-denaturation at 95°C for
10 min; denaturation at 95°C for 10 s, annealing at
60°C for 10 s, and extension at 72°C for 10 s,
40 cycles. The primer sequence is shown in Table 1
(Thermo Fisher Scientific, Inc.). Using GAPDH as the
internal reference gene, the relative mRNA expression

of each target gene was calculated with 2 44¢T-19

Table | Sequences of Primers Used in the qPCR Assay

Gene Name Sequence
IL-17 Forward: 5'-TCAGCGTGTCCAAACACTGAG-3'
Reverse: 5-CGCCAAGGGAGTTAAAGACTT-3'
IL-18 Forward: 5-TCGCTCAGGGTCACAAGAAA-3'
Reverse: 5-CATCAGAGGCAAGGAGGAAAAC-3’
IL-23 Forward: 5-TGTGCCCCGTATCCAGTGTG-3'
Reverse: 5-AAAAGCCAGACCTTGGCGGA-3’
CXCLI Forward: 5'-ACCCAAACCGAAGTCATAGC-3'
Reverse: 5-TGGGGACACCTTTTAGCATC-3’
CcXcLz Forward: 5-TGAACAAAGGCAAGGCTAACTG-3'
Reverse: 5-GAGGCACATCAGGTACGATCC-3'
SI00A8 Forward: 5'-AAATCACCATGCCCTCTACAAG-3’
Reverse: 5-CCCACTTTTATCACCATCGCAA-3’
SI00A9 Forward: 5'-ACCACCATCATCGACACCTTC-3’
Reverse: 5-AAAGGTTGCCAACTGTGCTTC-3'
MMP-9 Forward: 5'-CTGGACAGCCAGACACTAAAG-3’
Reverse: 5-CTCGCGGCAAGTCTTCAGAG-3'
MMP-13 Forward: 5-CTTCTTCTTGTTGAGCTGGACTC-3'
Reverse: 5-CTGTGGAGGTCACTGTAGACT-3'
GAPDH (house- Forward: 5-AGGTCGGTGTGAACGGATTTG-3'
keeping gene, Reverse: 5'-GGGGTCGTTGATGGCAACA-3'
control gene)

Western Blot Detection

Firstly, 100 mg esophageal tissue samples were homoge-
nized with 1 mL RIPA and 10 pL. PMSF and centrifuged
at 4°C for 5 min at 12,000 rpm/min. The intermediate protein
layer solution was obtained, and the protein was quantified
with the bicinchoninic acid (BCA) protein quantitative kit
(Thermo Fisher Scientific, Inc.). Each group of samples was
diluted to 50 pg/mL, the diluted protein and sample buffer
were mixed at 4:1 and heated at 100°C for 5 min to mix
acrylamide, resolving buffer, starting buffer, tiled water, 10%
APS, and TEMED to obtain the SDS-PAGE separation gel
and the concentration gel (Thermo Fisher Scientific, Inc.) in
proportion, and then they were poured into a rubber plate for
use. Samples of prestained protein ladder were obtained, and
these samples were injected into the sample hole of the
rubber sheet, respectively. Then the SDS-PAGE gel contain-
ing protein was subjected to 50 min vertical gel electrophor-
esis. The PVDF membrane was activated with methanol for
1 min, and then it was closed with TBST solution containing
5% skimmed milk for 1 h. After sealing, the PVDF mem-
brane (Thermo Fisher Scientific, Inc.) was cleaned with
TBST and incubated with the first antibody at 25°C for 2 h,
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and then the PVDF membrane was cleaned with TBST and
incubated with the second antibody at 25°C for 1 h. Finally,
the PVDF membrane was covered with SuperSignal West
Pico plus and observed under iBright F11000.%°

Statistical Analysis

The results of three parallel experiments were averaged,
and then the statistical analysis software SAS 9.1 was used
to analyze whether there was a significant difference
between the experimental results of each group at the
level of P < 0.05 by using one-way ANOVA.

Results

Composition Analysis of FMANL

The HPLC assay found that FMANL contained rutin,
hyperoside, isoquercitrin, dihydroquercetin, quercitrin,
hesperidin, myricetin, baicalin, neohesperidin dihydrochal-

cone, and quercetin (Figure 1). The respective contents
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339.38 mg/g, 14.03 mg/g, 2.69 mg/g, 21.14 mg/g,
1.94 mg/g, and 18.99 mg/g.

Survival Analyses of Mice

In the course of the experiment, the normal mice grew
normally, and the mice induced esophageal cancer showed
poor appetite and decreased exercise. At the same time,
two mice in the model group died before the end of the
experiment, and the other mice did not die in advance.

Visceral Index

The body weight and visceral weight of mice were deter-
mined (Table 2). Compared with the normal group, the body
weight of the model group was decreased. The indexes of
kidney, heart, and lung in the model group were significantly
(P < 0.05) higher than those in the normal group. FMANL
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Figure | Flavonoids extract constituents of Malus asiatica Nakai leaves. (A) Standard chromatograms; (B) Flavonoids of Malus asiatica Nakai leaves chromatograms. |: rutin;
2: hyperoside; 3: isoquercitrin; 4: dihydroquercetin; 5: quercitrin; 6: hesperidin; 7: myricetin; 8: baicalin; 9: neohesperidin dihydrochalcone; 10: quercetin.
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Table 2 Effect of Flavonoids of Malus asiatica Nakai Leaves on Organ Index in 4NQO-Induced Esophageal Cancer Mice

Group Body Weight (g) Kidney Index Spleen Index Cardiac Index Lung Index Liver Index

Normal 26.85+0.45% 0.012£0.001¢ 0.0028+0.0003" 0.0049+0.0002° 0.0058+0.0001¢ 0.0352+0.0010°
Model 14.97+0.87¢ 0.020+0.002* 0.0025+0.0003" 0.0086+0.0007° 0.0132+0.0008° 0.0335+0.0016°
FMANL-L 18.09+0.37¢ 0.017£0.001° 0.0026+0.00017 0.00700.0004° 0.0102+0.0010° 0.0346+0.0006°
FMANL-H 22.13£0.52° 0.014+0.001° 0.0027+0.0005° 0.0057+0.0004¢ 0.0074+0.0004° 0.0349+0.0005°

Notes: ““Mean values with different letters in the same row are significantly different (p < 0.05) according to Duncan’s multiple-range test. FMANL-L group: 50 mg/kg
flavonoids of Malus asiatica Nakai leaves dose; FMANL-H group: 100 mg/kg flavonoids of Malus asiatica Nakai leaves dose.

could inhibit these changes, and the effects of high concen-
tration FMANL (FMANL-H) were better.

Serum Cytokine Levels in Mice

The cytokine levels of IL-6, IL-12p70, MCP-1, TNF-a, and
IFN-y in the model group were significantly (P < 0.05) higher
than those in the normal group (Table 3), only the level of
IL-10 was lower than that in the normal group. The levels of
IL-10, IL-6, IL-12p70, MCP-1, TNF-0, and IFN-y in mice
with FMANL-treated esophageal cancer were higher than
those in the untreated model group. The FMANL-H group
showed the highest levels of IL-10, IL-6, IL-12p70, MCP-1,
TNF-0, and IFN-y.

Peripheral Blood Lymphocyte Counts in
Mice

As shown in Table 4, compared with the normal group,
CD3", CD19", CD4", and CD8" cells in the model group
were increased significantly (P < 0.05); as a result, the ratio
of CD4"/CD8" was decreased significantly (P < 0.05), while
the ratio of CD3"/CD9" was increased significantly. FMANL
could bring the number of CD3", CD4", CD8" and CD19"*
cells close to that in the normal group, and with the increase
in concentration, the ability to improve anticancer effects.

mRNA and Protein Expression Levels in

Esophageal Tissue of Mice
The mRNA (Figure 2) and protein (Figure 3) expression
levels of IL-17, IL-23, IL-1p, CXCL1, CXCL2, S100A8,

S100A9, MMP-9, and MMP-13 in the esophageal tissue of
the normal group were significantly (P < 0.05) lower than
those in the esophageal tissue of the model group. The
above-mentioned expression levels in the FMANL groups
were also significantly (P < 0.05) lower than those in the
model group, and the above-mentioned expression levels
in the FMANL-H group were only higher than those in the
normal group.

Discussion
After the development of cancer, the patient’s body is
greatly affected, the weight is reduced, and the internal
organs are also affected.”’ Animal experiments have also
shown that the visceral index changed after carcinogen-
esis, and the visceral index gradually approached the nor-
mal state after carcinogenesis was inhibited.”> Patients
suffering from cancer, especially esophageal cancer, due
to the reduction of dietary intake, the body absorption
function damage and other factors such as weight will be
significantly reduced. The animal experiment also showed
a similar situation, in which the weight of cancer affected
animals decreased significantly, resulting in a decrease in
visceral index.!” In this study, FMANL could prevent
esophageal cancer, reduce the pathological changes caused
by esophageal cancer in mice, and effectively inhibit the
weight loss and visceral tissue changes caused by esopha-
geal cancer in mice.

Modern experiments have shown that natural plants
have a wide range of biological effects and these effects

Table 3 Serum Cytokine Levels of Flavonoids of Malus asiatica Nakai Leaves in 4NQO-Induced Esophageal Cancer Mice (pg/mL)

Group IL-10 IL-6 IL-12p70 MCP-1 TNF-« IFN-y
Normal 4.54+0.25¢ 2.55+0.18¢ 6.50+0.44¢ 29.95+1.344 12.02+1.09¢ 2.08+0.12¢
Model 2.28+0.14¢ 8.35+0.33¢ 14.1140.78° 48.38+0.79¢ 21.41+].34 4.43+0.15¢
FMANL-L 10.59+0.96° 17.35+0.87° 26.97+1.30° 57.53+1.21° 26.42+1.14° 5.04+0.14°
FMANL-H 22.01+1.15 25.89+1.01° 35.20+1.42* 65.72+1.63 36.231.7% 5.98+0.24*

Notes: ““Mean values with different letters in the same row are significantly different (p < 0.05) according to Duncan’s multiple-range test. FMANL-L group: 50 mg/kg
flavonoids of Malus asiatica Nakai leaves dose; FMANL-H group: 100 mg/kg flavonoids of Malus asiatica Nakai leaves dose.
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Table 4 Peripheral Blood Lymphocyte Counts in 4NQO-Induced Esophageal Cancer Mice Treated with Flavonoids of Malus asiatica

Nakai Leaves in (pg/mL)

Group cD3”* cDI19* cD3*/cDI9" cD4* cDs* cD4*/cD8*
Normal 42.81+1.26¢ 42.92+0.98% 1.00+0.03¢ 17.22+0.83¢ 15.39+0.75¢ 1.1240.06
Model 66.63+1.04° 25.23+1.05¢ 2.64+0.13% 24.22+0.70° 28.78+0.57° 0.84+0.04°
FMANL-L 56.60+1.07° 33.80+0.98° 1.67+0.06° 21.57+0.78° 23.60+0.72° 0.91+0.05°
FMANL-H 47.08+1.21¢ 38.56+0.50° 1.2240.02° 18.88+0.67¢ 19.21+1.23¢ 0.98+0.07°

Notes: ““Mean values with different letters in the same row are significantly different (p < 0.05) according to Duncan’s multiple-range test. FMANL-L group: 50 mg/kg
flavonoids of Malus asiatica Nakai leaves dose; FMANL-H group: 100 mg/kg flavonoids of Malus asiatica Nakai leaves dose.

are closely related to the cytokine network.” IL-10 plays
multiple roles in the regulation of tumor immunity, inflam-
matory response, and autoimmune response. It can stimu-
late T cells, especially CD8" cells; stimulate B cells to
mature, proliferate, and generate antibodies; and increase
the ability of killing tumor cells.** The anti-tumor mechan-
ism of TNF-a is complex; it is mainly through apoptosis
and necrosis. TNF-a can be used as an anticancer factor to
inhibit cancer.”” IFN-y can inhibit tumor angiogenesis,
growth, and apoptosis.”® MCP-1 has a significant inhibi-
tory effect on tumor growth, which is related to its con-
centration. MCP-1 has chemotactic activity on monocytes,
can activate monocytes and macrophages, and inhibit
tumor cell growth.?” Appropriate amount of IL-6 can
participate in the immune regulation of an inflammatory
response and the activation of immune cells; but after the
disorder, it will affect the normal immune regulation of the
body, and may cause tumorigenesis.”® IL-12p70 can
increase the immune response of T cells and NK cells,
induce IFN-y secretion and regulate the balance of the
Th1/Th2 type immune response, and improve the immune
ability of the body to the tumor.?’ In this study, the levels
of cytokines IL-6, IL-12p70, MCP-1, TNF-a, and IFN-y in
the model group were higher than those in the normal
group, which might be related to a certain degree of stress
immunoregulation in mice. The body participates in the
immunoregulation of an inflammatory response to fight
against tumor cells. Levels of cytokines IL-10, IL-6,
IL-12p70, MCP-1, TNF-a, and IFN-y in the FMANL
groups were significantly higher than those in the normal
group and the model group. Combined with the results of
body weight, organ weight and index in the FMANL
groups, it was found that FMANL could play a role in
the prevention and treatment of esophageal cancer by
improving the levels of these cytokines and the immune
function of the body.

The decrease in CD3" T cells will affect the induction

and activation of the immune response and the inhibition

of cellular immunity, which is the main factor of disease
and tumor.’® CD19" is one of the most important mem-
brane antigens involved in B cell activation and prolifera-
tion. CDI19" cells increase in B-lymphocyte system
malignant tumors.>' CD4" T cells can promote the anti-
tumor effect of effector cells. If the proportion of CD4"
T cells is reduced, the induction of immune response will
be reduced, the body will be susceptible to infection and
the specific anti-tumor effect will be reduced.*> CD8"
T cells cause the target cells of cancer cells to dissolve
and die, which can inhibit the effect of other lymphocytes
and prevent an excessive immune response.”® The low
ratio of CD3"/CD19" will lead to a decrease in immunity
and recovery ability. The imbalance of CD4"/CD8" ratio
may cause immune dysfunction and tumor.** This study
showed that FMANL could improve the imbalance of
immune function and immunosuppression, and thus regu-
late and prevent esophageal cancer.

It has been found that IL-17 promoted the progression of
non-small cell lung cancer (NSCLC) through the STAT3/NF-
«B/Notch 1 signaling pathway.>> Another study found that
some tumors grew faster in IL-17 knockout mice.*®
A clinical report showed that IL-17 was highly expressed in
primary liver cancer, and it might be involved in the carci-
nogenesis of liver cancer.®” IL-23 and IL-1p can promote the
differentiation of Th17 cells and the production of IL-17.
IL-17 can promote the development of inflammation and
cancer by inducing the production of CXCL1, CXCL2,
S100A8, SI00A9, MMP-9, and other factors.'” Activated
dendritic cells in the tumor microenvironment produce IL-
23 and IL-1pB, which stimulate the initial CD4" T cells to
differentiate into Th17 cells and increase IL-17 production.*®
Th17 may be involved in the invasion and metastasis of
esophageal squamous cell carcinoma, and it may be related
to poor prognosis.>® S100 calcium-binding protein family
plays a role between tumor cells and stromal cells, promoting
the formation of the inflammatory tumor microenvironment,
thus promoting the growth and metastasis of primary
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Figure 2 mRNA expression of IL-17, IL-23, IL-1B, CXCLI, CXCL2, SI00A8, SI00A9, MMP-9, and MMP-13 in esophageal tissue of mice. Values presented are the mean +
standard deviation. *“Mean values with different letters in the bars are significantly different (p < 0.05) according to Duncan’s multiple-range test. FMANL-L group: 50 mg/kg
flavonoids of Malus asiatica Nakai leaves dose; FMANL-H group: 100 mg/kg flavonoids of Malus asiatica Nakai leaves dose.

tumors.** MMPs are a kind of secreted proteases, which are
involved in tissue remodeling, angiogenesis, tumor invasion,
and metastasis. The expression of MMP-9 is increased in
esophageal cancer, which is related to lymph node metastasis
and invasion depth.*’ FMANL could down-regulate the
expression levels of 1L-17, 1L-23, IL-1 B, CXCLI, cxcl2,
S100A8, S100A9, MMP-9, and MMP-13 in esophageal tis-
sues of mice with esophageal cancer, thus prevent esophageal
cancer.

Rutin has antioxidant and anti-inflammatory effects,
and it can reduce inflammation and promote cell repair.*?
Hyperoside has many functions, such as anti-tumor, anti-
aging, anti-depression, and anti-inflammatory effects, and
it can also regulate the circulatory system and immune
system.* Isoquercitrin can significantly prevent oxidative
damage and inhibit some cancer cells, including bladder
cancer cells.** It has been shown that dihydroquercetin is
a very effective anticancer compound, which has very
good inhibitory effects on liver cancer, gastric cancer,
and cervical cancer.*’ Quercitrin can reduce the infiltration

of macrophages and granulocytes in inflammatory tissues,
and thus prevent and inhibit cancer.*® Hesperidin has
obvious inhibitory effects on human lung cancer, rectal
cancer, renal cancer, and breast cancer cells. It not only
lacks mutagenicity, but it also antagonizes the mutageni-
city of other chemotherapy drugs, which can be used for

47 Myricetin has the functions of

cancer prevention.
scavenging-free radicals and antioxidation, and it can
also affect the activation and proliferation of lymphocytes,
thus regulating cancer.*® Baicalin has good anti-oxidative
and anti-inflammatory effects, and it has certain inhibitory
effects on breast cancer and blood malignant tumor.*
Neohesperidin dihydrochalcone also has a good anti-
oxidative effect, and this effect might play a role in cell
repair and anticancer.’® Quercetin is a multi-target sub-
stance, which can be used as a pump inhibitor, and it is
related to a variety of cancer prevention mechanisms. It
can inhibit the growth of a variety of malignant tumors,
such as gastric cancer, breast cancer, liver cancer, cervical
cancer, colon cancer, ovarian cancer, and gallbladder
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Figure 3 Protein expression of IL-17, IL-23, IL-1B, CXCLI, CXCL2, SI00A8, SI00A9, MMP-9, and MMP-13 in esophageal tissue of mice. Values presented are the mean *
standard deviation. **Mean values with different letters in the bars are significantly different (p < 0.05) according to Duncan’s multiple-range test. FMANL-L group: 50 mg/kg
flavonoids of Malus asiatica Nakai leaves dose; FMANL-H group: 100 mg/kg flavonoids of Malus asiatica Nakai leaves dose.

cancer, and it has an impact on the apoptosis of malignant
cells.”® The 10 bioactive substances present in FMANL
might not only have their own preventive effect on eso-
phageal cancer, but they also have a synergistic effect to
increase the mutual anti-cancer effect.

In this study, the preventive effect of FMANL on
esophageal cancer in vivo was studied. The results showed
that FMANL had a preventive effect on the development
of esophageal cancer in mice, and the effect was positively
correlated with the concentration of FMANL. FMANL
could regulate IL-17 and related factors to prevent esopha-
geal cancer. FMANL contained 10 chemical components
which were the main source of esophageal cancer preven-
tion. It could be seen that FMANL is a kind of active

component with esophageal cancer prevention effect. The
results of this study provide a theoretical basis for further
study of FMANL.
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