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Abstract The present study was performed to investigate the effect of quercetin on nasopharyngeal

carcinoma (NPC) angiogenesis. The real-time RT-PCR and enzyme-linked immunosorbent assays

(ELISA) were performed to analyze the expression levels of vascular endothelial growth factor

(VEGF) in nasopharyngeal carcinoma cell lines prior to and after the quercetin treatment. Effect

of quercetin on the rate of cell proliferation was measured by MTT assay. It was observed that

quercetin treatment at a concentration of 10 mg/mL reduced the rate of NPC039 cell viability to

36% compared to control after 24 h. The expression of VEGF and activity of NF-jB was also

markedly reduced. The ability of tube formation in HUVECs was inhibited significantly on expo-

sure to quercetin compared to the untreated cells. Therefore, quercetin plays an important role in

the inhibition of NPC039 nasopharyngeal carcinoma and can be of therapeutic importance.
� 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nasopharyngeal carcinoma (NPC) one of the most commonly

detected head and neck malignancies has high rate of incidence
in southern China (Albeck et al., 1993; Liu et al., 2014). It has
been established that NPC differs significantly from other

types of head and neck carcinomas (Wei and Sham, 2005).
Metastasis of NPC to lymph nodes in neck in more than
70% patients renders the prognosis ineffective (Chua et al.,

2001). In addition, metastasis of NPC to lungs, liver and bones
also contributes significantly to the very poor prognosis rate of

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sjbs.2016.11.011&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:huangdy301@163.com
http://dx.doi.org/10.1016/j.sjbs.2016.11.011
http://www.sciencedirect.com/science/journal/1319562X
http://dx.doi.org/10.1016/j.sjbs.2016.11.011
http://creativecommons.org/licenses/by-nc-nd/4.0/


Quercetin inhibits nasopharyngeal carcinoma 827
the treatment (Cheng et al., 1998). Metastasis of tumor to
distant organs such as lungs, liver and bones is mediated by
various factors including angiogenesis (Matsuo et al., 2004,

2009; Tong et al., 2008). Among the various factors involved
in angiogenesis, vascular endothelial growth factor (VEGF)
is of potential importance. It is well known that VEGF signif-

icantly contributes to enhanced rate of proliferation in
endothelial cells, formation of new blood vessels and tendency
of carcinoma metastasis (Carmeliet, 2003; Ma et al., 2008).

Compared to normal people the expression of VEGF in serum
of cancer patients is found to be markedly higher (Kikuchi
et al., 2011; Karayiannakis et al., 2002). The survival rate of
cancer patients is also believed to be related to the expression

level of VEGF (Maeda et al., 1996, 1999).
At present the application of medicinal plants plays an

important role in curing the life threatening diseases

(Antonisamy et al., 2015; Balamurugan, 2015; Rathi et al.,
2015; Nandhini and Stella Bai, 2015; Kalaiselvi et al., 2016;
Neelamkavil and Thoppil, 2016). Among various flavonols,

quercetin (Fig. 1) alone constitutes more than 70% of the total
flavonol intake by the body (Bouktaib, 2002; Valsan and
Raphael, 2016; Noorudheen and Chandrasekharan, 2016;

Santhosh et al., 2016). Quercetin exhibits the promising ten-
dency to inhibit free radical induced tissue damage in various
types of disorders including cancer and chronic inflammation
(Hollman and Katan, 1997; Murota and Terao, 2003;

Sreeshma et al., 2016; Puthur, 2016; Serasanambati and
Chilakapati, 2016). Its mechanism of action involves proton
mediated quenching of the free radicals and the resulting parent

radical gets resonance stabilized (Mariani et al., 2008). The pre-
sent study was performed to investigate the role of quercetin in
the inhibition of cell proliferation and angiogenesis in NPC.

2. Materials and methods

2.1. Cell line and culture

Nasopharyngeal carcinoma cell line, NPC-039 was purchased

from the American Type Culture Collection (ATCC, Manas-
sas, VA, USA). The cells were cultured in Minimum Essential
Medium (Invitrogen, Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (FBS) and 100 U/mL antibiotics

(Peprotech, Rock Hill, NJ, USA). The cells were cultured in
a humidified atmosphere of 5% CO2 and 95% air at 37 �C.

2.2. Reagents

Quercetin and dimethyl sulfoxide (DMSO) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). The other common

chemicals were purchased fromMerck (Darmstadt, Germany).
O

OOH
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OH
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OH

Figure 1 Structure of quercetin.
2.3. Cell proliferation assays

NPC-039 human NPC cells were cultured in DMEM supple-
mented with 10% FBS at 37 �C in 5% CO2. MTT [12 ll,
5 mg/mL in phosphate-buffered saline (PBS)] assay was used

for the determination of NPC-039 NPC cell viability. Briefly,
the cells distributed at a density of 2.5 � 105 cells per well into
96-well plates were treated with quercetin or DMSO as con-
trol. The cells were incubated for 48 h followed by the addition

of MTT reagent (Sigma-Aldrich) to each well. After incuba-
tion for 4 h, dimethyl sulfoxide (150 ll) was added to each well
to dissolve the formazan crystals formed. Absorbance was

measured for each of the well at a wavelength of 465 nm using
an ELISA reader (BD Biosciences, Franklin Lake, NJ, USA).

2.4. Real-time reverse transcription polymerase chain reaction
(RT-PCR)

NPC-039 cells were distributed at a density of 2 � 106 cells per

plate on to 100 mm diameter tissue culture plates. The cells were
treated with quercetin (10 mg/mL) for the indicated periods of
time. Following incubation, total RNAs were isolated from
the cells using Qiagen mini kit (Qiagen, Valencia, CA). RT-

Plus PCR kit (5-PRIME, Minneapolis, MN) was used for the
synthesis of first strand cDNA and performing PCR reactions.
Nano Drop ND-1000 spectrophotometer was used to measure

the concentration of RNA and Taq Man Micro RNA Reverse
Transcription kit was used to perform the reverse transcription
reactions. Taq Man Micro RNA Assay kits were used to per-

form Stem-loop real-time PCR on ABI 7500 real time PCR sys-
tem for 40 cycles. The PCR reactions were carried out in
triplicates and gene expression was normalized to GAPDH.
For the analysis of the obtained data 7500 system SDS software

(ABI) was used. The Prism 4.03 software (Graph Pad, Inc., San
Diego, CA) was used for the statistical analyses.

2.5. Enzyme-linked immunosorbent assay (ELISA)

NPC-039 cells at a density of 2 � 105 cells per plate in 100 mm
dishes were incubated for 24 h with quercetin. After incuba-

tion, the culture supernatants were collected and centrifuged
for 10 min at 1, 200 rpm. The supernatants were then tested
for VEGF expression using ELISA according to the manufac-

turer’s instructions (R&D Systems, MN, USA). The plates
were coated with anti-mouse VEGF antibody and blocked
with bovine serum albumin-containing buffer. The cells were
washed and treated with standardized VEGF solution fol-

lowed by addition of cell culture supernatants. The plates after
incubation for 2 h were washed three times. Each of the plate
was then treated with biotin-labeled detection antibody and

avidin-horseradish peroxidase (HRP). After incubation for
1 h the plates were washed and treated with substrate solution
followed by measurement of absorbance at 465 nm.

2.6. Determination of NF-jB (p65) transcription factor activity

NPC-039 cells at a density of 2 � 105 cells per plate in 100 mm

were treated with quercetin for 12 h. After incubation, NE-
PER Nuclear and Cytoplasmic Extraction Reagents (Thermo
Scientific, IL, USA) were used to isolate the nuclear proteins.
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For the determination of protein concentration Pierce BCA
Protein Assay kit (Thermo Scientific) was used according to
the manufacturer’s instructions. The proteins were put on to

double-stranded DNA sequence coated 96-well plates contain-
ing NF-jB. Following incubation with anti-NF-jB primary
antibody the plates were washed and treated with HRP conju-

gated secondary antibodies. For each of the well absorbance
was measured at 465 nm.

2.7. Angiogenesis assay

NPC-039 cells at a density of 2 � 105 cells per well in the upper
compartment were isolated from the lower compartment using

0.45 lm pore bearing membranes. The normal dermal FBs and
HUVECs were cultured in 24 well plates containing basal med-
ium supplemented with 2% FBS. Angiogenesis kit (Kurabo,
Japan) was used to perform the angiogenesis assay according

to the manual protocol.

2.8. Statistical analysis

All the values expressed are the means ± standard deviations
(SD). Student’s t-test was used for the comparison of obtained
Figure 2 Inhibition of NPC cell viability by quercetin in (A) concen

treatment were analyzed by MTT assay for cell viability. All the expe

Figure 3 Quercetin induced changes in the expression of VEGF mR

quercetin in NPC-039 cells were analyzed by qPCR. (B) ELISA test w

039 NPC cells by quercetin.
values and p-value less than 0.05 was accepted as the signifi-
cant difference.

3. Results

3.1. Effects of quercetin on NPC-039 NPC cell viability

The results from MTT assay revealed a marked reduction in
the viability of NPC cells on exposure to quercetin in concen-

tration and time dependent manner. Among the range of quer-
cetin concentrations (2–15 mg/mL) tested the inhibition of cell
viability was significant at the concentration of 10 mg/mL after

24 h (P < 0.02). The viability of NPC-039 cells at the concen-
tration of 10 mg/mL was reduced to 36% after 24 h (Fig. 2).

3.2. Effect of quercetin on VEGF mRNA expression in NPC-039
NPC cells

Examination of the expression of VEGF mRNA in NPC-039
cancer cells revealed a significantly higher level compared to

the normal cells. However, the treatment of NPC-039 cells
with quercetin at a concentration of 10 mg/mL induced a
marked reduction in the expression of VEGF mRNA (Fig. 3).
tration and (B) time dependent manner. The cells after quercetin

riments were performed in triplicates.

NA. (A) The changes in the VEGF mRNA expression caused by

as used to determine the changes in VEGF expression from NPC-



Figure 4 Effect of quercetin on NF-jB activity and nuclear proteins in NPC-039 NPC cells. (A) RT-PCR analysis of NF-jB expression

level in NPC-039 NPC cells. (B) The protein expression was determined using NF-jB (p65) transcription factor assay.

Figure 5 Effect of quercetin on angiogenesis in nasopharyngeal carcinoma. Human umbilical vein endothelial cells (HUVECs) and

NPC-039 cells were cultured in a 24-well plate to analyze the effect of quercetin.
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3.3. Effects of quercetin on the activation of NF-jB in NPC-039
NPC cells

The results from NF-jB (p65) transcription factor assay
revealed that quercetin treatment in NPC-039 cells induced a

significant decrease in the NF-jB activity. The activity of
NF-jB was reduced by around 7-fold in the quercetin treated
cells compared to the control cells (Fig. 4).

3.4. Effects of quercetin on HUVEC tube formation

Analysis of the NPC-039 cells cultured with HUVECs revealed
higher tube formation ability compared to HUVECs when
cultured alone. However, when quercetin was added to the cul-
ture of NPC-039 and HUVECs the tube formation ability was
inhibited significantly (Fig. 5). These findings suggest that

quercetin exhibits inhibitory effect on the angiogenesis in
nasopharyngeal carcinoma.

4. Discussion

The present study was designed to investigate the role of quer-
cetin in inhibition of cell viability, NF-jB activity and expres-

sion of VEGF in NPC cells. Our results demonstrated that
quercetin treatment caused a significant inhibition of cell via-
bility, reduced NF-jB activity and VEGF expression in
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NPC-039NPC cells. We used MTT assay to investigate the
effect of quercetin on the viability of NPC-039NPC cells.
Quercetin treatment induced a significant reduction in the via-

bility of NPC-039 cells compared to control cells. Tumor
metastasis to adjacent as well as distant organs such as lungs,
liver and bones is enhanced by several cellular processes

including angiogenesis (Matsuo et al., 2004, 2009; Tong
et al., 2008). One of the most important factors responsible
for tumor angiogenesis is the vascular endothelial growth fac-

tor (VEGF). It significantly contributes to enhanced rate of
proliferation in endothelial cells, formation of new blood ves-
sels and tendency of carcinoma metastasis (Carmeliet, 2003;
Ma et al., 2008). The results from the present study demon-

strated that quercetin treatment inhibited the expression of
VEGF and consequently the angiogenesis.

NF-jB a member of transcription factor family plays an

important role the process of tumorogenesis (Kim and Kim,
2009). It is reported that NF-jB promotes the expression of
VEGF and also enhances angiogenesis (Nam et al., 2011).

The results from the current study revealed that quercetin
treatment inhibited the activity of NF-jB in the NPC cells.
Analysis of VEGF expression in NPC cells showed signifi-

cantly higher level compared to the untreated control cells.
Our results also demonstrated that quercetin treatment inhib-
ited the formation of tube by HUVECs and NPC-039 NPC cell
cultures.

5. Conclusion

In conclusion, our results indicated that quercetin inhibited

both proliferation and angiogenesis in nasopharyngeal cancer
through suppression of NF-jB activity. Therefore, quercetin
has potential use as a new anti-angiogenic drug for the treat-

ment of gastric cancer.
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