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Abstract. This aim of the present study was to identify the rela-
tionship between hesperidin and microRNA (miR)‑132, and to 
study the role of hesperidin and miR‑132 in the pathogenesis of 
non‑small cell lung cancer (NSCLC). Computational analysis 
and luciferase assays were performed to identify the target 
of miR‑132. Subsequently, reverse transcription‑quantitative 
PCR and western blot assays were used to detect the effect 
of miR‑132 and hesperidin on the expression of haemato-
logical and neurological expressed 1 (HN1) and zinc finger 
E‑box binding homeobox 2 (ZEB2). Finally, MTT assays 
and flow cytometry analysis were used to investigate the 
effect of hesperidin on cell proliferation and apoptosis. ZEB2 
was identified as a target gene of miR‑132, and transfection 
with miR‑132 mimic reduced the luciferase activity of the 
wild‑type ZEB2 3'‑untranslated region (3'‑UTR) but not that 
of the mutant ZEB2 3'‑UTR. By contrast, neither transfection 
with miR‑132 mimic nor hesperidin treatment affected HN1 
expression. Furthermore, hesperidin evidently inhibited cell 
proliferation and promoted apoptosis in a dose‑dependent 
manner. Furthermore, the tumour volume in rats transplanted 
with NSCLC cells and treated with hesperidin was notably 
smaller compared with that in rats transplanted with NSCLC 
cells alone, while treatment with hesperidin significantly 
reduced the colony formation efficiency of NSCLC cells 
by increasing miR‑132 expression and decreasing ZEB2 
expression. To the best of our knowledge, the present study 
demonstrated for the first time that the administration of 
hesperidin decreased the expression of ZEB2 by upregulating 

the expression of miR‑132, which in turn promoted apoptosis 
and inhibited the proliferation of NSCLC cells.

Introduction

Among all types of cancers worldwide, lung cancer is 
associated with the highest mortality and morbidity, with 
more than 1.5 million new cases diagnosed worldwide, as 
reported in 2014 (1). Approximately 85% of all lung cancer 
cases are non‑small cell lung cancer (NSCLC) (2). Currently, 
chemotherapy, radiotherapy and surgical resection remain the 
primary treatment options for NSCLC (1,2). Despite progress 
in the development of targeted therapies and the improved 
efficacy of chemotherapy drugs, the 5‑year survival rate of 
patients with NSCLC remains low (1,2). The low survival 
rate of patients with NSCLC is due to their high chance of 
tumour metastasis, which is caused by a number of different 
factors, such as tumour cell invasion/migration, epithe-
lial‑mesenchymal transition (EMT) and angiogenesis (3‑8). In 
addition, activation of the C‑X‑C chemokine receptor type 4 
(CXCR4)/stromal cell‑derived factor 1 (SDF1) pathway plays 
an essential role in the metastasis of NSCLC (9,10).

Hesperidin (5,7,3‑trihydroxy‑4‑methoxy‑f lavanone 
7‑rhamnoglucoside), a type of glycoside flavonoid, has been 
shown to exert anticancer effects by inhibiting proliferation and 
promoting apoptosis in numerous types of cancer, including 
lung cancer and breast cancer (11‑13). It has also been reported 
that hesperidin inhibits the growth of NSCLC cells in vitro 
by regulating the activation of pathways related to immune 
responses and apoptosis (14,15). Therefore, hesperidin may 
be used as a novel anti‑proliferative agent in the treatment of 
NSCLC.

As a type of short non‑coding RNA, with a length of 
~22 nucleotides, microRNAs (miRNAs or miRs) can regu-
late the expression of their target mRNAs by binding to the 
3'‑untranslated region (3'‑UTR) (16,17). As miRNAs act as a 
negative regulators of gene expression, they serve an essential 
role in regulating the growth, migration, invasion and metas-
tasis of cancer cells (18‑20).

In a previous study, it was shown that miR‑132 expression is 
downregulated in clinical samples and cell lines of metastatic 
lung cancer, and miR‑132 could target the regulator of ETM, 
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zinc finger E‑box binding homeobox 2 (ZEB2), indicating 
that miR‑132 may act as a tumour suppressor (21). miR‑132 
can also suppress the metastasis and EMT of NSCLC cells by 
inhibiting the function of ZEB2. Notably, it was observed that 
two downstream effectors of ZEB2, vimentin and E‑cadherin, 
are also regulated by miR‑132, suggesting that miR‑132 may 
be implicated in the invasion and migration of NSCLC cells by 
regulating the EMT process (22).

The dysregulated miR‑132 expression is thought to play 
an essential role in the pathogenesis of mental disorders (22). 
In fact, growing evidence has demonstrated that miR‑132 
can affect the functions of inflammatory and neurotrophic 
systems, both of which are implicated in the pathogenesis 
of depression (23,24). A previous study demonstrated that 
hesperidin increases miR‑132 expression in the prefrontal 
cortex of lipopolysaccharide‑treated mice, suggesting that 
miR‑132 is implicated in the function of hesperidin as an 
antidepressant (25). Other studies have speculated that the 
increased expression of miR‑132 may protect the brain by 
stimulating the synthesis of neurotrophin and by blocking the 
onset of neuroinflammation (26,27).

Yi et al  (26) reported that the overexpression of ZEB2 
is associated with a poor prognosis of NSCLC and shorter 
survival. By contrast, the knockdown of ZEB2 increased 
the sensitivity of cancer cells to chemotherapeutic agents by 
inducing cell cycle arrest in the S phase and by inducing cell 
apoptosis. These findings indicated that ZEB2 may act as an 
oncogene in NSCLC. In another study, the knockdown of ZEB2 
inhibited the EMT, and the invasion and migration of NSCLC, 
which is similar to the effect of miR‑200c overexpression (28).

It has been reported that the administration of hesperidin 
can upregulate the expression of miR‑132, which is a potential 
regulator of haematological and neurological expressed 1 
(HN1), TGF‑β1 and ZEB2  (25,28‑30). In addition, HN1, 
TGF‑β1 and ZEB2 have been shown to be involved in the 
pathogenesis of NSCLC (31‑34). The present study investigated 
the effect of hesperidin on the proliferation and apoptosis of 
NSCLC cells.

Materials and methods

Animals and treatment. A total of 24 adult Sprague‑Dawley 
(SD) male rats (weight, 328‑365  g), which were obtained 
from the Experimental Animal Centre of Yantai Hospital of 
Traditional Chinese Medicine, were used in this study. All 
rats were placed in an environment with 50‑60% humidity 
and a temperature of 22‑24˚C. The rats were given free access 
to water and food, and a 12 h light‑dark cycle was applied. 
Following 7 days of environmental adaptation, the rats were 
randomly assigned into two groups; a negative control (NC) 
group and a hesperidin group, with 12 rats in each group. In the 
NC group, the rats were transplanted with NSCLC cells. In the 
hesperidin group, the rats were transplanted with NSCLC cells 
and treated with 60 mg/kg/day hesperidin at the same time to 
investigate the effect of hesperidin on NSCLC. The NSCLC 
cells were transplanted into the right lung using a 28G1/2 
needle. At the end of the experiment, all rats were sacrificed 
by sodium pentobarbital (100 mg/kg i.p.) and the tumour 
tissues were isolated and measured. Death was confirmed by 
combined factors, including lack of pulse, breathing, corneal 

reflex and response to toe pinch; inability to hear respiratory 
sounds and heartbeat; and failure of syringe and needle to 
move after percutaneous cardiac puncture following uncon-
sciousness. The weight of SD male rats at the start of the study 
was 259±35 and 263±38 g in the NC and hesperidin groups, 
respectively, while the weight of the rats at the end of the study 
was 342±52 and 322±48 g in the NC and hesperidin groups, 
respectively. The tumour volume was measured using calli-
pers and was calculated as the height x width x2. All animal 
experiments in the present study were approved by the Animal 
Ethics Committee of Yantai Hospital of Traditional Chinese 
Medicine.

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). A TRIzol reagent kit (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract the total RNA from 
isolated tissue samples or cultured A549 and H460 cells. 
The concentration of isolated RNA was measured using a 
NanoDrop 3000 spectrophotometer (Thermo Fisher Scientific, 
Inc.). Subsequently, isolated RNA was reverse transcribed 
into cDNA using a PrimeScript RT reagent kit (Takara Bio, 
Inc.) and oligo primers (Takara Bio, Inc.). The conditions 
of RT were as follows: 38˚C for 15 min and 85˚C for 5 sec. 
Subsequently, qPCR was performed using the Power SYBR 
Green PCR Master mix (Takara Bio, Inc.). During qPCR, 
U6 RNA was used as the internal control to normalize the 
mRNA expression levels of HN1, ZEB2 and miR‑132. The 
primer sequences were as follows: HN1 forward, 5'‑CGC​AGG​
CCC​TAA​ACT​ACC​AG‑3' and reverse, 5'‑TGC​TAC​TGT​CGA​
TGT​GGA​CC‑3'; ZEB2 forward, 5'‑GCA​GTG​AGC​ATC​GAA​
GAG​TAC​C‑3' and reverse, 5'‑GGC​AAA​AGC​ATC​TGG​AGT​
TCC​AG‑3'; miR‑132 forward, 5'‑ACC​GTG​GCT​TTC​GAT​TG​
TT‑3' and reverse, 5'‑GAA​CAT​GTC​TGC​GTA​TCT​C‑3'; and 
U6 forward, 5'‑GTG​CTC​GCT​TCG​GCA​GCA‑3' and reverse, 
5'‑CAA​ATA​TGG​AAC​GCT​TC‑3'. The conditions of qPCR 
were as follows: Pre‑denaturation at 95˚C for 30 sec, 35 cycles 
of denaturation at 94˚C for 15 sec, annealing at 56˚C for 45 sec 
and extension at 72˚C for 45 sec. At the end of each qPCR 
cycle, the cycle threshold (Cq) value was acquired. The relative 
mRNA expression of HN1, ZEB2 and miR‑132 was calculated 
using the 2‑ΔΔCq method (35). Three independent experiments 
were performed.

Cell culture and transfection. A549 and H460 cells were 
purchased from American Type Culture Collection and 
incubated at 37˚C with 5% CO2. The culture medium was 
Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo 
Fisher Scientific, Inc.), supplemented with 10% foetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.).

For hesperidin treatment experiments, the cells were 
seeded into 96‑well plates at a density of 1x105 cells/well and 
incubated at 37˚C and 5% CO2 for 12 h, followed by treatment 
with 1 or 2.5 µM hesperidin for 48 h at room temperature. 
The cells were harvested after 48 h of treatment and analysed. 
For transfection experiments, the cells were seeded into 6‑well 
plates at a density of 1x104 cells/well and incubated at 37˚C 
and 5% CO2 overnight until the cells were 70‑80% confluent. 
On the following day, the cells were transfected with miR‑132 
mimic, HN1 small interfering RNA (siRNA), ZEB2 siRNA, 
miRNA negative controls (NCs) or siRNA control (all from 
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Santa Cruz Biotechnology, Inc.) using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. After 48 h of transfection, the 
cells were collected to analyse the expression of target genes. 
All experiments were performed in triplicate.

Cytotoxicity assay. Transfected A549 and H460 cells were 
seeded into 48‑well plates and cultured in DMEM overnight. 
Subsequently, 5 mg/ml MTT (Sigma‑Aldrich; Merck KGaA) 
was added to each well, and the incubation was continued for 
a further 4 h. Subsequently, DMSO (Sigma‑Aldrich; Merck 
KGaA) was added to each well, and the plates were placed on 
a shaker for 10 min. Finally, the optical density in each well 
was measured using a spectrophotometer at a wavelength of 
490 nm. All experiments were run in triplicate.

Colony formation assay. After 48  h of transfection, the 
cells were detached with 0.25% trypsin and resuspended in 
2X DMEM (containing 20% FBS, Gibco; Thermo Fisher 
Scientific, Inc.) to adjust the cell concentration to 4x104 cells/ml. 
Hard agar medium (lower layer) and soft agar medium (upper 
layer) were then prepared by mixing a 1.0% soft agar solution 
and a 0.7% soft agar solution with the 2X DMEM medium in 
a 1:1 ratio, respectively. Subsequently, the hard agar medium 
was added into a six‑well plate (1.5 ml/well) and cooled to 
room temperature, followed by the addition of the soft agar 
medium on top of the basal medium to form a double agar 
layer. Following the solidification of the upper agar layer, the 
plate was incubated at 37˚C with 5% CO2 for 14‑21 days, with 
medium added at regular intervals to maintain the moisture 
on the agar surface. The formation of the cell colonies was 
observed under an inverted microscope (magnification x200). 
The stained colonies were photographed, and the number of 
clones was counted and analysed using Image‑Pro Plus 6.0 

software (Media Cybernetics, Inc.). All experiments were run 
in triplicate.

Vector construction, mutagenesis and luciferase assay. A 
combination of bioinformatics tools, including TargetScan 
(www.targetscan.org) and the miRNA database miRBase 
(www.mirbase.org), were used to identify the potential regula-
tory relationship between miR‑132 and HN1, as well as the 
regulatory relationship between miR‑132 and ZEB2. After 
PCR was carried out to amplify the 3'‑UTR of HN1 and ZEB2 
containing the binding sites of miR‑132, the PCR products 
were inserted into pcDNA vectors (Promega Corporation) 
using a TA cloning kit (Invitrogen; Thermo Fisher Scientific, 
Inc.) to generate the expression constructs of wild‑type HN1 
and ZEB2. In addition, the Quick Change XL site‑directed 
mutagenesis kit (Stratagene; Merck KGaA) was used to 
mutate the miR‑132 binding sites in the 3'‑UTR of HN1 and 
ZEB2. The mutated sequences were also amplified by PCR 
and inserted into pcDNA vectors to generate the expres-
sion constructs of mutant HN1 and ZEB2. Subsequently, 
A549 and H460 cells were co‑transfected with miR‑132 and 
wild‑type/mutant ZEB2 or miR‑132 and wild‑type/mutant 
HN1 using Lipofectamine 2000, following the manufacturer's 
instructions. At 48 h post‑transfection, the luciferase activity 
was measured using a Dual‑Luciferase Reporter assay system 
(Promega Corporation) on a luminometer. The activity of 
Renilla luciferase was used as an internal control. Each 
experiment was repeated three times.

Western blot analysis. Following two washes with PBS, 
NSCLC tissues and transfected cells were ground in liquid 
nitrogen and homogenized with the addition of lysis buffer 
(BioSharp, Inc.). Subsequently, sample tissues were centri-
fuged at 241.49 x g for 30 min at 4˚C to remove debris. The 

Figure 1. ZEB2 is a target gene of miR‑132. (A) HN1 was predicted as a target gene of miR‑132 with a potential miR‑132 binding site located in the HN1 
3'‑UTR. (B) A549 and (C) H460 cells transfected with miR‑132 mimic and the WT or MUT 3'‑UTR of HN1 exhibited no change in their luciferase activity. 
(D) ZEB2 was predicted as a target gene of miR‑132 with a potential miR‑132 binding site located in the ZEB2 3'‑UTR. miR‑132 mimic decreased the lucif-
erase activity of the WT but not the MUT ZEB2 3'‑UTR in (E) A549 and (F) H460 cells. *P<0.05 vs. NC group. ZEB2, zinc finger E‑box binding homeobox 2; 
miR‑132, microRNA‑132; HN1, neurological expressed 1; 3'‑UTR, 3'‑untranslated region; WT, wild‑type; MUT, mutant; NC, negative control.
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supernatant was collected to measure the total protein concen-
tration using a bicinchoninic acid kit (BioTeke Corporation), 
according to the manufacturer's protocol. Protein (50 µg) 
from each sample was then mixed with 2X SDS loading 
buffer and boiled at 100˚C for 5  min. following separa-
tion by 10% SDS‑PAGE, the protein was transferred onto a 
polyvinylidene fluoride membrane. The membrane was then 
blocked with 5% skimmed milk for 1 h at room temperature 
and incubated overnight at 4˚C with diluted (1:100) primary 
antibodies against HN1 (cat. no. ab126705; Abcam), ZEB2 
(cat. no. ab223688; Abcam) and GAPDH (cat. no. ab8245; 

Abcam). Subsequently, the membrane was washed three times 
with TBST and incubated for 1 h at room temperature with 
rabbit anti‑mouse horseradish peroxidase‑labelled secondary 
antibodies (1:2,000; cat. no. ab6728; Abcam). The membrane 
was then developed using an enhanced chemiluminescence 
reagent (Biomiga, Inc.) and visualized using an X‑ray appa-
ratus. GAPDH served as the internal control to quantify the 
relative protein expression levels of HN1 and ZEB2. ImageJ 
software (version 1.41; National Institutes of Health) was used 
to quantify the western blots. Each experiment was repeated 
three times.

Figure 2. Effect of miR‑132 and hesperidin on ZEB2 expression in A549 and H460 cells. (A) In A549 cells, miR‑132 mimic demonstrated no effect on 
the mRNA expression of HN1, whereas HN1 siRNA reduced the mRNA expression of HN1. (B) In A549 cells, miR‑132 mimic and ZEB2 siRNA both 
decreased the mRNA expression of ZEB2. (C and D) In A549 cells, miR‑132 mimic demonstrated no effect on the protein expression of HN1, but reduced 
the protein expression of ZEB2. (E) In A549 cells, miR‑132 mimic and ZEB2 siRNA both decreased the protein expression of ZEB2. (F) Treatment with 
hesperidin exhibited no effect on the mRNA expression of HN1 in A549 cells. (G) Treatment with hesperidin decreased the mRNA expression of ZEB2 in 
a concentration‑dependent manner in A549 cells. (H) Western blot results of HN1 and ZEB2 protein in A549 cells treated with different concentrations of 
hesperidin. (I) Treatment with hesperidin demonstrated no effect on the protein expression of HN1 in A549 cells. (J) Treatment with hesperidin decreased 
the protein expression of ZEB2 in a concentration‑dependent manner in A549 cells. (K) In H460 cells, miR‑132 mimic had no effect on the mRNA expres-
sion of HN1, whereas HN1 siRNA reduced the mRNA expression of HN1. (L) In H460 cells, miR‑132 mimic and ZEB2 siRNA both decreased the mRNA 
expression of ZEB2. (M and N) In H460 cells, miR‑132 mimic exhibited no effect on the protein expression of HN1, but HN1 siRNA reduced the expression. 
(O) In H460 cells, miR‑132 mimic and ZEB2 siRNA both decreased the protein expression of ZEB2. (P) Treatment with hesperidin demonstrated no effect 
on the mRNA expression of HN1 in H460 cells. (Q) Treatment with hesperidin decreased the mRNA expression of ZEB2 in a concentration‑dependent 
manner in H460 cells. (R) Western blot results of HN1 and ZEB2 protein in H460 cells treated with different concentrations of hesperidin. (S) Treatment 
with hesperidin had no effect on the protein expression of HN1, (T) but decreased the protein expression of ZEB2 in a concentration‑dependent manner in 
H460 cells. *P<0.05 vs. control/untreated group. ZEB2, zinc finger E‑box binding homeobox 2; miR‑132, microRNA‑132; HN1, neurological expressed 1; 
siRNA, small interfering RNA.
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Apoptosis analysis by flow cytometry and TUNEL staining. 
FITC Annexin V Apoptosis Detection kit I (cat. no. 556547; 
BD Biosciences) was used according to the manufacture's 
protocol to analyse the apoptosis of transfected A549 and 
H460 cells, with a flow cytometer (Thermo Fisher Scientific, 
Inc.). In addition, apoptosis was assessed using a TUNEL 
Alexa Fluor™ 488 Imaging Assay kit (cat.  no. C 10245; 
Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. Each experiment was repeated three 
times.

Statistical analysis. All data are presented as the mean ± stan-
dard error of the mean. One‑way ANOVA and an unpaired 
Student's t‑test were utilized to compare results among 
multiple groups and between two groups, respectively. All 
statistical analysis was performed using SPSS version 19.0 
(IBM Corp.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

ZEB2 is a candidate target gene of miR‑132. By performing 
computational analysis using TargetScan and the miRNA 
database miRBase, HN1 and ZEB2 were identified as possible 
target genes of miR‑132, with both 3'‑UTRs of HN1 (Fig. 1A) 
and ZEB2 (Fig. 1D) containing a potential binding site for 
miR‑132. To further investigate whether miR‑132 targets HN1 

and ZEB2 directly, luciferase reporter vectors containing 
wild‑type or mutant 3'‑UTRs of HN1 or ZEB2 were created 
and co‑transfected into A549 and H460 cells with miR‑132 
mimic or NC. The luciferase activity of wild‑type or mutant 
HN1 3'‑UTR was not significantly different in A549 (Fig. 1B) 
and H460 (Fig. 1C) cells co‑transfected with miR‑132 mimic 
compared with the NC. By contrast, co‑transfection of A549 
(Fig. 1E) and H460 (Fig. 1F) cells with miR‑132 mimic and 
wild‑type ZEB2 3'‑UTR significantly reduced the luciferase 
activity of the cells, suggesting that ZEB2 is a target gene of 
miR‑132.

Effect of miR‑132 and hesperidin on ZEB2 expression. To 
further investigate the effect of miR‑132 on ZEB2 and HN1 
expression, the expression levels of ZEB2 and HN1 were 
measured in A549 cells (Fig. 2A‑J) and H460 cells (Fig. 2K‑T) 
transfected with miR‑132 or ZEB2/HN1 siRNA. The successful 
transfections of miR‑132 mimic (Fig.  S1A  and D ), HN1 
siRNA (Fig. S1B and E) and ZEB2 siRNA (Fig. S1C and F) 
in A549 and H460 cells were validated by RT‑qPCR. In 
addition, the cells were treated with different concentrations 
of hesperidin before measuring the expression of ZEB2 and 
HN1. As presented in Fig. 2, miR‑132 mimic had no effect on 
the mRNA (Fig. 2A and K) and protein (Fig. 2C, D, M and N) 
expression levels of HN1, while transfection with HN1 
siRNA significantly decreased the expression of HN1 mRNA 
(Fig. 2A and K) and protein (Fig. 2C, D, M and N) in A549 

Figure 3. Treatment with hesperidin affects the proliferation and apoptosis of A549 and H460 cells. (A) Hesperidin inhibited the proliferation of A549 cells 
in a dose‑dependent manner. (B) Hesperidin promoted the apoptosis of A549 cells in a dose‑dependent manner. (C) Hesperidin inhibited the proliferation 
of H460 cells in a dose‑dependent manner. (D) Hesperidin promoted the apoptosis of H460 cells in a dose‑dependent manner. *P<0.05 vs. untreated group. 
OD, optical density.
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and H460 cells. By contrast, the transfection of A549 and 
H460 cells with miR‑132 mimic or ZEB2 siRNA significantly 
reduced the expression of ZEB2 mRNA (Fig. 2B and L) and 
protein (Fig. 2C, E, M and O). In addition, treatment of cells 
with various doses of hesperidin demonstrated no effect on 
the expression of HN1 mRNA (Fig. 2F and P) and protein 
(Fig. 2H, I, R and S), while hesperidin treatment significantly 
reduced the expression of ZEB2 mRNA (Fig. 2G and Q) and 
protein (Fig. 2H, J, R and T) in a concentration‑dependent 
manner. In summary, these results indicate that miR‑132 and 
hesperidin inhibit ZEB2 expression.

Effect of hesperidin on cell proliferation and apoptosis. MTT 
assay and flow cytometry analysis were used to evaluate 

the effect of hesperidin (1 and 2.5 µM) on the viability and 
apoptosis of A549 and H460 cells. The results demonstrated 
that treatment with hesperidin significantly inhibited the 
proliferation of A549 (Fig. 3A) and H460 (Fig. 3C) cells, 
and significantly promoted apoptosis (Fig. 3B and D) in a 
dose‑dependent manner.

Effect of hesperidin on NSCLC. To investigate the effect of 
hesperidin on NSCLC, experimental rats were randomly 
assigned to two groups. In one group, the rats were trans-
planted with NSCLC cells. In another group, the rats were 
transplanted with NSCLC cells and treated with hesperidin 
at the same time. As presented in Fig.  4, the rats trans-
planted with NSCLC cells and treated with hesperidin had 

Figure 4. Effect of hesperidin on the tumor volume and colony formation efficiency of NSCLC, and on HN1 and ZEB2 expression in rats transplanted with 
NSCLC cells. (A) The tumor volume in rats transplanted with NSCLC cells and treated with hesperidin was smaller compared with that in rats transplanted 
with NSCLC cells alone. (B) Treatment with hesperidin significantly reduced the colony formation efficiency of NSCLC cells. (C) Hesperidin increased 
miR‑132 expression in the rats. (D) Hesperidin decreased the mRNA expression of ZEB2 in rats transplanted with NSCLC cells. (E) Hesperidin demonstrated 
no effect on the mRNA expression of HN1 in rats transplanted with NSCLC cells. (F) Hesperidin decreased the protein expression of ZEB2 in rats transplanted 
with NSCLC cells, but showed no effect on the protein expression of HN1. (G) Quantification of the western blots demonstrated that hesperidin significantly 
decreased the protein expression of ZEB2 in rats transplanted with NSCLC cells. (H) Quantification of the western blots demonstrated hesperidin had no effect 
on the protein expression of HN1 in rats transplanted with NSCLC cells. (I) Hesperidin increased the apoptosis of NSCLC cells (magnification x200). *P<0.05 
vs. NC group. NSCLC, non‑small cell lung cancer; ZEB2, zinc finger E‑box binding homeobox 2; miR‑132, microRNA‑132; HN1, neurological expressed 1; 
NC, negative control.
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significantly smaller tumour volumes compared with the rats 
that only received NSCLC cell transplantation (Fig. 4A). In 
addition, treatment with hesperidin significantly decreased 
the colony formation efficiency of NSCLC cells (Fig. 4B), and 
the TUNEL staining also revealed more apoptotic NSCLC 
cells upon the administration of hesperidin compared 
with the untreated NSCLC cells (Fig.  4I). Furthermore, 
RT‑qPCR, western blotting and IHC were used to detect 
the levels of miR‑132, HN1 and ZEB2 in the rats from the 
two groups. The results demonstrated that hesperidin treat-
ment significantly increased miR‑132 expression (Fig. 4C), 
and significantly decreased the ZEB2 mRNA (Fig. 4D) and 
protein (Fig. 4F and G) expression levels in rats transplanted 
with NSCLC cells. Furthermore, it was identified that the 
mRNA (Fig. 4E) and protein (Fig. 4F and H) expression levels 
of HN1 were similar in the two groups of rats.

Discussion

Hesperidin is a member of the f lavanone family, and 
flavanones are mainly produced in citrus fruits. Due to its 
effects on disease treatment and prevention, hesperidin has 
become a topic of interest in recent years (36). In particular, 
the anticancer properties of hesperidin have been studied 
extensively  (36). Hesperidin also exerts other biological 
effects, including anti‑inf lammatory, antioxidant and 
anti‑mutagenic effects (37,38). In addition, hesperidin can 
inhibit the proliferation of cancer cells in oral cancer (39). 
Furthermore, hesperidin can suppress cancer cell invasion 
by inhibiting the expression of proteins participating in 
EMT and members of the matrix metallopeptidase (MMP) 
protein family (13,40,41). A previous study demonstrated that 
hesperidin induces the apoptosis of A549 cells by activating 
the proteins that participate in mitochondrial apoptosis and 
by regulating the expression of molecules associated with 
cell cycle progression  (15). Another study indicated that 
SDF‑1/CXCR‑4 signalling can block the role of hesperidin 
in suppressing the invasion and migration of A549 cells (14). 
Based on these results, hesperidin may be a promising agent 
in the treatment of NSCLC. Balakrishnan and Menon (40) 
demonstrated that hesperidin induces the apoptosis of colon 
cancer cells by increasing the activity of caspase‑9 and 
caspase‑3. Furthermore, it has been reported that hesperidin 
induces the apoptosis of HepG2 cells by activating ERK1/2 
signalling  (42). The present study investigated the effect 
of hesperidin on cell proliferation and apoptosis using an 
MTT assay and flow cytometry analysis. The results demon-
strated that hesperidin treatment repressed cell proliferation 
and promoted cell apoptosis in a dose‑dependent manner. 
Furthermore, RT‑qPCR and western blot analysis were 
performed to detect the effect of miR‑132 and hesperidin on 
the expression of HN1 and ZEB2. The results indicated that 
both miR‑132 and hesperidin could significantly decrease 
the expression of ZEB2, while showing no effect on HN1 
expression.

It has previously been reported that hesperidin can 
suppress the growth and induce the apoptosis of cancer 
cells (14). In particular, hesperidin triggers apoptotic signal-
ling in NCI‑H358 and A549 cells  (14,43). In addition, 
hesperidin exerts minimal cytotoxicity in MRC‑5 cells, a type 

of normal lung fibroblast (43). Hesperidin has been shown to 
increase the expression of caspase‑3 enzyme and reduce the 
level of MMP, which is closely associated apoptosis (44). The 
results of FITC‑Annexin V/PI staining in a recent study also 
demonstrated the pro‑apoptotic effect of hesperidin in NSCLC 
cells (15).

miRNA‑132 has been reported to regulate the in  vivo 
expression of proteins associated with inflammation. A 
previous study demonstrated that miRNA‑132 enhances the 
signalling of the cholinergic anti‑inflammatory pathway (45). 
It was demonstrated that miRNA‑132 antagonists not only 
reduced the efficacy of hesperidin in the treatment of depres-
sion but also blocked its anti‑inflammatory effects. According 
to the data published in previous studies, it was hypothesized 
that hesperidin can restore the negative feedback between 
pro‑inflammatory cytokines and miRNA‑132 (46,47). The 
present study transplanted NSCLC cells into rats and treated 
some rats with hesperidin at the same time to investigate the 
effect of hesperidin on NSCLC. The results demonstrated that 
treatment with hesperidin decreased the tumour volume and 
colony formation efficiency of NSCLC cells by increasing 
miR‑132 expression and decreasing ZEB2 expression. 
Furthermore, among multiple targets for miR‑132 in cancer, 
ZEB2, as an inhibitor of E‑cadherin transcription, was reported 
to play an essential role in EMT and acts as a direct target of 
miR‑132, and the ectopic expression of miR‑132 significantly 
reduced the invasiveness of CRC cells and inhibited their 
EMT process (21).

It is worth noting that there were limitations of the present 
study. Due to the fact that an overdose of hesperidin may kill 
animals, while a low dose of hesperidin may exhibit no signifi-
cant therapeutic effect on the animals, a preliminary test was 
performed to determine the dose to treat the animals (data not 
shown). However, only two animals in each group were used 
to determine the dose in the preliminary test, which was an 
inappropriate sample size for statistical analysis. Furthermore, 
the present findings were not validated with human subjects. It 
would be necessary to recruit human subjects and validate the 
administration of hesperidin in future studies.

In conclusion, the present study demonstrated that the 
administration of hesperidin upregulates the expression of 
miR‑132, a potential regulator of HN1, TGF‑β1 and ZEB2. 
Since HN1, TGF‑β1 and ZEB2 have been reported to be 
involved in the pathogenesis of NSCLC, the administration 
of hesperidin may alleviate NSCLC by inhibiting the prolif-
eration and promoting the apoptosis of NSCLC cells via the 
miR‑132/ZEB2 pathway.
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