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Abstract

It has been shown that dysregulation of IGF-1 signaling is associated with tumor incidence and progression, whereas blockade of the signaling
can effectively inhibit carcinogenesis. Although several mechanisms of anticancer activity of quercetin were proposed, molecular targets of quercetin
have not been identified yet. Hence, we assessed the effect of quercetin on IGF-1 signaling inhibition in BKS5.IGF-1 transgenic (Tg) mice, which
over-expresses IGF-1 in the skin epidermis. A quercetin diet (0.02% wt/wt) for 20 weeks remarkably delayed the incidence of skin tumor by 2
weeks and reduced tumor multiplicity by 35% in a 7,12-dimethylbenz(a)anthracene (DMBA)-tetradecanoyl phorbol-13-acetate (TPA) two stage mouse
skin carcinogenesis protocol. Moreover, skin hyperplasia in Tg mice was significantly inhibited by a quercetin supplementation. Further analysis
of the MT1/2 skin papilloma cell line showed that a quercetin treatment dose dependently suppressed IGF-1 induced phosphorylation of the IGF-1
receptor (IGF-1R), insulin receptor substrate (IRS)-1, Akt and S6K; however, had no effect on the phosphorylation of PTEN. Additionally, the
quercetin treatment inhibited IGF-1 stimulated cell proliferation in a dose dependent manner. Taken together, these data suggest that quercetin has
a potent anticancer activity through the inhibition of IGF-1 signaling.
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Introduction

Insulin-like growth factor (IGF)-1 plays an important role in
the regulation of cell proliferation, survival, and growth. Its
primary action is mediated by binding to the insulin-like growth
factor-1 receptor (IGF-1R). Activated IGF-1R via IGF-1 phos-
phorylates and activates the insulin receptor substrate-1 (IRS-1)
and leads to the phosphorylation of Akt [1]. Akt subsequently
activates the mammalian target of rapamycin (mTOR) and S6
kinase (S6K), which is involved in protein synthesis and cell
growth. Autophosphorylated IGF-1R also activates Ras, Raf,
MEK and ERK signaling pathways. The elevated level of plasma
IGF-1 is associated with the risk of several cancers in multiple
organs, such as the colon, prostate, and breast [2-4]. Moreover,
the elevated tissue levels of IGF-1 enhance susceptibility to
chemically induced skin tumorigenesis, and inhibition of IGF-1
signaling decreases tumor formation [5].

Many epidemiological and experimental studies have reported
that natural dietary compounds found in fruits and vegetables

reduce cancer incidences, as well as tumor multiplicity [6-8].
Quercetin is one of the most common flavonoids, and has potent
anti-carcinogenic effects derived from its anti-inflammatory and
anti-oxidative activities [6]. The amount of quercetin intake was
negatively correlated with the incidence of colorectal [7] and lung
cancers in clinical studies [8]. It has also been reported that
quercetin inhibits hydrogen peroxide-induced DNA damage and
enhances DNA repair in the colon cancer cell line [9]. Quercetin
also induces apoptosis by activating the pro-apoptotic proteins,
such as caspase 3 and caspase 9, and inducing cell cycle arrest
in several cancer cells [10]. Most studies thus far, however,
reported anticancer activities of quercetin in the context of its
antioxidative properties, and only a limited number of studies
have focused on its modulation of signaling pathways, such as
NFkB, MAPK, p53, androgen receptor and estrogen receptor in
tumor growth [11-14]. In this study, quercetin effectively inhibited
the development of skin tumor in BKS. IGF-1 transgenic (Tg)
mice and decreased the phosphorylation of IGF-1R, IRS-1, Akt
and S6K in skin cancer cells, which indicates that quercetin has

This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education,

Science and Technology (NRF-2008-331-C00308)

§Corresponding Author: Eunjung Kim, Tel. 82-53-850-3523, Fax. 82-53-850-3516, Email. kimeunj@cu.ac.kr

* These first authors are equally contributed
Received: January 25, 2013, Revised: July 2, 2013, Accepted: July 26, 2013

(©2013 The Korean Nutrition Society and the Korean Society of Community Nutrition
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is propetly cited.



440 IGF-1 signaling inhibition by quercetin

potent anticarcinogenic activity through the inhibition of IGF-1
signaling pathway. To the best of our knowledge, this is the first
study to demonstrate that quercetin specifically blocks IGF-1R
activation in vivo.

Materials and Methods

Materials

7,12-Dimethylbenz(a)anthracene (DMBA) and 5-bromo-2’-
deoxyuridine (BrdU) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Tetradecanoyl phorbol-13-acetate (TPA) was
purchased from Alexis Biochemicals (San Diego, CA, USA). All
other chemicals were obtained from Sigma-Aldrich, unless
otherwise indicated.

Animals and diet

BKS5.IGF-1 Tg mouse were imported from Dr. John DiGiovanni’s
Lab (University of Texas M.D. Anderson Cancer Center, TX,
USA) and bred in Catholic University of Daegu. All animals
were kept in controlled conditions of humidity (50 + 10%), light
(12-hour light/dark cycle), and temperature (23 +2 C). Animal
protocols utilized in this study were approved by the Animal
Care and Use Committee at Catholic University of Daegu

Table 1. Composition of experimental diet

W Control Quercetin
Corn Starch 39.7486 39.7486
Casein 20.0 20.0
Maltodextrin 13.20 13.20
Sucrose 10.0 9.98
Soybean oil 7.0 7.0
Cellulose 5.0 5.0
Mineral mix(93G)" 35 35
Vitamin mix(93G)? 1.0 1.0
L-cystine 0.3 0.3
Choline Bitartrate 0.25 0.25
t+-BHQ” 0.0014 0.0014
Quercetin 0.02
Total (%) 100 100

Y Composition of AIN-93G mineral Mix (g/kg) : Calcium carbonate, anhydrous
357.00; Potassium phosphate, monobasic 196,00; Potassium citrate, tri-potassium,
monohydrate 70.78; Sodium chloride 74.00; Potassium sulfate 46.60; Magnesium
oxide 24.,00; Ferric citrate 6,06; Zinc carbonate 1,65; Manganous carbonate 0.63;
Cupric carbonate 0.30; Potassium iodate 0,01; Sodium selenate, anhydrous
0.01025; Ammonium paramolybdate 4 hydrate 0,00795; Sodium meta-silicate, 9
hydrate 1.45; Chromium potassium sulfate, 12 hydrate 0.275; Lithium chloride
0.0174; Boric acid 0.0815; Sodium fluoride 0.0635; Nickel carbonate 0.0318;
Ammonium vanadate 0.0066; Powdered sucrose 221,026

2 Composition of AIN-93G: vitamin Mix (9/kg) : Nicotinic acid 3,000; Ca pantothenate
1.600; Pyridoxine-HCl 0.700; Thiamin-HCI 0,600; Riboflavin 0.600; Folic acid
0.200; D-Biotin 0,020; Vitamin B-12(cyanocobalamin) 2,500; Vitamin E (all-rac-a
-tocopheryl acetate, 500 1U/g) 15.00; Vitamin A (all-trans-retinyl palmitate, 500,000
1U/g) 0.800; Vitamin Ds (cholecalciferol, 400,0001U/g) 0,250;Vitamin K (phylloguinone)
0.075; Powdered sucrose 974,655

94+-BHQ : tert-Butylhydroquinone

(IACUC-2010-8). The composition of AIN-93G diet (Control)
or quercetin diet (AIN-93G diet containing 0.02% quercetin) was
indicated in Table 1. Dose of quercetin was chosen based on
a previous animal study, which has shown a decreased intestinal
polyp multiplicity with 0.02% quercetin diet [15]. Food intakes
were recorded daily and body weights were recorded once a week.

Animal Experiment 1 (Two-stage mouse skin carcinogenesis)

The first animal study was performed to investigate the
consequences of quercetin diet on skin carcinogenesis. Seventeen
male BKS.IGF-1 Tg mice were randomly divided into two
groups; control (n=8) and quercetin (n=9) group. At 8 weeks
of age, dorsal skins of the mice were shaved two days before
tumor initiation. Initiation was accomplished by a single topical
application with 200 nmol (50 pig) DMBA under a subdued light.
At 2 weeks after initiation, the mice were treated with 6.5 nmol
(4 pg) of TPA in 200 pl of acetone twice a week for 20 weeks.
Tg mice were fed AIN-93G diet (control) or quercetin diet
(AIN-93G diet containing 0.02% quercetin) at 10 weeks of age
with TPA promotion until the end of the experiment. Tumor
incidence (number of mice bearing tumors/total number of mice)
and tumor multiplicity (number of papillomas/mouse) were manually
counted and recorded weekly. Tumor size was measured in
diameters and length of each tumor by a caliper once a week.

Animal Experiment 2 (Histological analysis of Epidermal cell
proliferation)

Eight-week old twelve male BK5.IGF-1 Tg mice were divided
into the control (n=6) and quercetin (n=6) groups to investigate
the effects of quercetin diet on epidermal cell proliferation of
the Tg mice. Animals were fed ad libitum with either a control
or quercetin diet for 4 weeks. In each diet group, dorsal skins
of the mice were shaved and treated with either acetone (n=
3) or TPA (6.5 nmol (4 ng)/200 ul acetone/mouse, n=3) twice
a week for 2 weeks before sacrificing the animals. For measuring
the rate of epidermal cell proliferation, 100 mg/kg body weight
of BrdU was injected i.p. into mice 1 hr before sacrifice. Dorsal
skin was isolated from the mice, fixed in formalin, and processed
for paraffin embedding. Tissue sections were stained with
hematoxylin and eosin (H&E) solution and immunostained with
antibodies against BrdU (BD Biosciences, San Jose, CA, USA).
The number of BrdU-positive cells in the interfollicular epidermis
was counted in five random tissue sections in each mouse. The
labeling index was calculated as the percentage of BrdU-positive
basal cells to the total number of basal cells in the interfollicular
epidermis.

Cell Culture

The murine papilloma cell line, the MT1/2 cells [16], were
kindly provided by Dr. Susan M. Fischer’s Lab (University of



Minjeong Jung et al. 441

Texas M.D. Anderson Cancer Center, TX, USA), and were
maintained in Minimum essential medium (GIBCO, Carlsbad,
CA, USA) containing 10% FBS and 1% penicillin-streptomycin.
All cell lines used in this study were maintained in a 37C
humidified incubator with 5% COs..

MTT Assay

To assess cell viability and cell proliferation, the MT1/2 cells
(1.25 x 10* cells/ well) were plated in 96-well plates. The cells
were treated with various concentrations of quercetin (10, 20,
30, 40 and 50 pg/ml) or IGF-1 (20 ng/ml) for an indicated time.
Then, the medium was aspirated from the wells, and 100 pl fresh
serum-free medium containing MTT reagent (1 mg/ml) was
added to each well. The cells were incubated for 4hr at 37°C
and lysed by addition of 100 ul DMSO, and the optical density
(OD) at 540 nm was then measured.

Western Blotting Analysis

Cells were harvested in a mild-lysis buffer (10 mM Tris-HCl
(pH7.5), 100 mM NaCl, 1% NP-40, 50 mM NaF, 2 mM EDTA
(pH 8.0), 1 mM DTT, 1 mM PMSF, 10 pg /ml leupeptin and
10 pg/ml aprotonin). Cell lysates were subjected to 10% SDS-
polyacrylamide gel electrophoresis, and subsequently, transferred
onto the polyvinylidene difluoride membrane. After transfer, the
membrane was blocked with a 5% non-fat dried milk in 0.1%
Tween-20-Tris-buffered saline (TTBS) and probed with antibody
against phospho Akt (S473), Akt, phospho S6K (T389), S6K,
phospho Erk1/2 (Thr202/Tyr204), Erk, pIGF-1R (T1131), IGF-1R,
pIRS-1 (S307), IRS-1, pPTEN (S380/T382/383), and PTEN (Cell
Signaling Technology, Danvers, CO, USA) at 1:1000 dilution
for O/N at 4°C. After three times of washing with a TTBS buffer,
the membrane was incubated with a horse radish peroxidase-
linked secondary antibody (1:1000) and visualized by ECL kit
(Bio Science Technology, Pohang, Korea) according to the
recommended procedure.

Statistical Analysis

All statistical analyses were performed by the SPSS program
(Ver. 17), and the data were analyzed by a t-test and ANOVA
analysis. The differences between the experimental groups were
evaluated at the P <0.05.

Result

Dietary quercetin supplementation delayed the time of tumor
incidence and suppressed tumor multiplicity in BK5.IGF-1 Tg mice

The effect of quercetin on skin carcinogenesis was investigated
in vivo using BK5.IGF-1 Tg mice in the first animal experiment

Table 2. Daily diet intakes in BK5.IGF-1 transgenic mice

Groups Diet intakes (g/day)
Control (n=8) 73+0.05
Quercetin (n=9) 74 +004

In experiment 1, BK5 IGF-1 transgenic mice in each group were fed either control
diet (AIN-93G) or quercetin (AIN-93G + 0,02% quercetin) diet for 20 weeks, Food
intake was recorded daily, Values are the mean + SE.
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Weeks after TPA promotion

Fig. 1. Body weight change. In experiment 1, BK5 IGF-1 Tg mice in the control
(n=8) and quercetin (n=9) diet groups were initiated with 200 nmol (50 ng) of
DMBA and promoted with 6,5 nmol (4 ng) of TPA in 200 ul of acetone twice a
week for 20 weeks, The body weight of BK5 IGF-1 Tg mice was measured once
a week during a 20-week experimental period, Values are the mean £ SE,

(experiment 1). The mice were grouped into the control and
quercetin diet groups, and fed with each diet for 20 weeks with
TPA promotion. During the experimental period, food intakes
of the control and quercetin groups were 7.3 and 7.4 g/day,
respectively, and there was no significant difference between the
two groups (Table 2). The body weight was gradually elevated
without significant differences between the control and quercetin
groups (Fig. 1). In DMBA-TPA two stage skin carcinogenesis
protocol, animals in the control group developed skin papillomas
at 2 weeks and reached up to 100% tumor incidence at 4 weeks
of TPA promotion (Fig. 2A). In the quercetin group, skin
papillomas were developed at 4 weeks and 100% of tumor
incidence was recorded at 6 weeks of TPA promotion. This data
indicates that the incidence of tumors was delayed by 2 weeks
by quercetin supplementation. Quercetin also decreased mouse
skin tumor multiplicity by 35% compared to that of the control
group (Fig. 2B). It has been reported that BKS.IGF-1 Tg mice
spontaneously developed skin papillomas due to highly activated
IGF-1 signaling pathways [S]. We observed that spontaneous
tumor development in the DMBA-TPA untreated region of the
skin was also reduced by quercetin supplementation (Fig. 2C,
2D).

Quercetin decreased total number and size of tumors

In animal experiment 1, we further investigated how quercetin
changed the number and size of the tumors. Quercetin supple-
mentation showed a significant decrease in the tumor diameter
(length and width) compared to that of the control group. At
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Fig. 2. Inhibition of skin tumor muiltiplicity by quercetin supplementation. A)
Tumor incidence and B) tumor multiplicity of the control (n=8) and quercetin (n
=9) diet groups were recorded weekly in experiment 1, C) Spontaneous tumor
development was recorded, Three mice of the control group and one mouse in
the quercetin group developed a total of 9 and 2 spontaneous tumors, respectively.
D) Photographs of spontaneous tumor development in the non-TPA treated area
in BK5.IGF-1 Tg mice, Values are the mean + SE, * £<0.05, ™ £<0.01 and **
P<0.,001 when compared to the control group.,

Table 3. Effect of quercetin supplementation on tumor size in BK5. IGF-1
transgenic mice

No. of tumors Tumor Size (cm) Total number of

Group <05 0.5-1 >1 tumors
Control (n=28) 97.0+23 327423 28+0.3 132.5+4.2
Quercetin (n=9) 67.2+4.0* 18+1.8* 0.8+0.1 86.0+5.5*

In experiment 1, the tumor size (length and width) were measured every week as
described in the Materials and Methods section, Data shown is the record of tumor
numbers according to the size of tumors at the end of chemical carcinogenesis
protocol, Those numeric symbols <05, 05-1, > 1 indicate the size of tumors which
are less than 0.5 cm, or between 0.5-1 cm or bigger than 1 cm, respectively. Values
are the mean + SE, * P<0.05, ™ P<0.01 and ** £< 0,001 when compared to
control group,

the end of the experimental period, the average number of tumors
<0.5 cm was 97 and 67.2, 0.5-1 cm were 32.7 and 18, and > 1
cm were 2.8 and 0.8, in the control and quercetin groups,
respectively (Table 3). Quercetin supplementation also decreased
the total number of tumors in the quertcetin group compared
to that of the control group (Table 3).
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Fig. 3. Effect of quercetin on skin epidermal hyperplasia and basal cell
proliferation. A) Histological analysis of acetone and TPA-treated BK5.IGF-1 Tg
mouse skin, At the end of experiment 2, tissue sections were immunostained with
an antibody against BrdU and photographed at 200X, The dorsal skins of
BK5.IGF-1 Tg mice were fed with a) control diet treated with acetone, b) quercetin
diet treated with acetone, c) control diet treated with TPA, and d) quercetin diet
treated with TPA, B) Labeling index of acetone or TPA-treated mouse skin in each
diet group. The index represents the percentage of the BrdU positive cells relative
to the total number of the basal cells in the interfollicular epidermis, Each value
is the mean + SE of labeling indices from 3 mice/group, * £< 0,05

Quercetin reduced TPA-induced epidermal cell proliferation in
BK5.IGF-1 Tg mice

To see the effect of quercetin on epidermal cell proliferation,
we conducted a BrdU incorporation experiment (Experiment 2).
TPA treatment induced skin hyperplasia in the control group,
but quercetin supplementation remarkably reduced TPA-induced
skin hyperplasia (Fig. 3A). BrdU labeling index was also reduced
by quercetin supplementation, both in acetone and TPA treated
animals (Fig. 3B).

Quercetin suppressed IGF-1 signaling by inhibition of IGF-1R
phosphorylation in skin cancer cells

To investigate a mechanism on the inhibition of skin tumor
development in BKS5.IGF-1 Tg mice by quercetin, we analyzed
the phosphorylation of protein components in the IGF-1 signaling
pathway by a quercetin treatment in a murine papilloma cell line,
the MT1/2 cells. As shown in Fig. 4A, IGF-1 stimulation signifi-
cantly increased the phosphorylation of IGF-1R, IRS-1, Akt, and
S6K, and 1 hr treatment of quercetin effectively suppressed the
phosphorylation of these proteins in a dose dependent manner
without affecting the cell viability (Fig. 4B). Phosphorylation of
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Fig. 4. Inhibition of IGF-1R activation and downstream effectors by quercetin in MT1/2 cells. A) Serum starved MT1/2 cells were treated with indicated doses (10 uM
-50 pM) of quercetin for 1 hr and then stimulated with IGF-1 (20 ng/ml) for 30 min, The phosphorylation and protein levels were determined by immunoblotting with the
appropriate antibodies, as indicated, B) Cell viability was assessed by MTT assay, C) Cells were grown in serum free media and treated with IGF-1 (20 ng/ml) and indicated
doses (10-50 uM) of quercetin for 48 hr, Proliferation of MT1/2 cells were measured by an MTT assay. Values are expressed as the means + SE. Significant differences

(P<0.,05) are indicated by different letters, SFM: serum free media, NS: not significant,

PTEN, a negative regulator of IGF-1 signaling [19], however,
was not changed by the quercetin treatment. We further inves-
tigated whether quercetin could abrogate the IGF-1 induced cell
proliferation. Simultaneous incubation of quercetin (10-50 uM)
and IGF-1 for 48 hrs significantly inhibited the IGF-1 stimulated
cell proliferation, and especially >30 puM of the quercetin
inhibited cell proliferation as low as the cells in a serum free
media (Fig. 4C).

Discussion
Dysregulation of the IGF-1/IGF-1R system has been implicated

in the proliferation of numerous cancer cells, including the colon,
gastric, esophageal, hepatocytes and pancreatic cells, and a

blockade of IGF-1 signaling pathways effectively inhibits tumor
progression [2,3,17]. Commercially available compounds, inhibiting
the IGF-1 signaling pathway (e.g.,wortmannin, picropodophyllin,
NVP-AEW541), have been extensively investigated as a
therapeutic option for people with malignant cancer [18,19];
however, it would be beneficial to offer natural therapies that
could be easily incorporated into the diet and would act on the
same target to reduce the risk of cancer. Particularly, quercetin
highly abundant in plant food, such as onion, kale and broccoli
[20,21], has been shown to have potent anti-carcinogenic and
anti-tumorigenic properties in many organs, and suppress the
growth and metastasis of the melanoma cells [12,13,22]. Although
many studies reported the effects of quercetin in regulation of
key elements in the cellular signal transduction pathways linked
to the cell survival and proliferation, its molecular action in direct
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modulation of the IGF-1 signaling pathway remains to be answered.

The present study investigated a mechanism underlying the
anticarcinogenic effect of quercetin on skin cancer in the context
of IGF-1 signaling. BK5.IGF-1 Tg mice, which overexpress IGF-1
in the basal cells of skin epidermis, were utilized to confirm
the effect of quercetin on the suppression of the IGF-1 signaling
pathway. Quercetin supplementation decreased the DMBA-TPA
induced tumor formation, as well as tumor size, and decreased
TPA induced skin hyperplasia in Tg mice. Similar findings with
epigallocatechin gallate (EGCG) have also been reported to
decrease TPA induced skin tumor formation [23] and tumor size
in lung cancer animal models [24]. BK5.IGF-1 transgenic mice
also spontaneously induce tumors without TPA treatment due
to spontaneous stimulation of IGF-1 signaling, and quercetin
supplementation even suppressed spontaneous tumor formation.
Although this study did not show the level of circulating IGF-1
in transgenic mice, IGF-1 has known for activating IGF-1
signaling pathway and inducing cell proliferation by autocrine
or in a paracrine manner [25]. These data indicate the direct
modulation of the IGF-1 signaling pathway by quercetin.

In addition to using an animal study to confirm the suppression
of IGF-1 signaling induced skin tumor by quercetin, we analyzed
the components of the IGF-1 signaling pathway in skin cancer
cells to identify an actual target responsible for the chemopr-
eventive effects of quercetin and elucidate a molecular mechanism
of action. Quercetin treatment dose dependently decreased IGF-1
stimulated IGF-IR activation, as well as phosphorylation of
IRS-1, Akt and S6K in the MT1/2 cells in this study. However,
protein expression and phosphorylation of PTEN was not affected
by a quercetin treatment. IGF-1R is a glycoprotein complex
consisting of two extracellular a subunits, which confer binding
specificity, and two transmembrane [3 subunits, which contain
tyrosine kinase activity [26] and mediates action of IGF-1 on
cellular differentiation and proliferation in cancer cells [27]. A
ratio of IGF-1R and IRS-1 is mainly associated with cellular
response to IGF-1 due to the inhibitory action of IRS-1 on
IGF-1R induced cell differentiation [28]. The tumor suppressor
gene, PTEN, is a negative regulator of the PI3K-Akt cell survival
pathway, and activation of PI3K-Akt signaling through a loss
of PTEN function is common in many other types of tumors
[29-31]. However, protein expression and phosphorylation of
PTEN was not affected by quercetin treatment, suggesting that
suppression of Akt phosphorylation by quercetin is a PI3K
cascade response of the suppression of upstream molecule of
IGF-1 signaling. Based on the results of this study, IGF-1R
appears to be the main target of quercetin in the blocking of
IGF-1 signaling. It will be needed to further investigate whether
quercetin directly binds to IGF-1R and inhibits its kinase activity.

On the other hand, how much of quercetin is absorbed and
utilized at the physiological level is not consistent in the previously
reported studies, since the bioavailability and metabolic range
of quercetin (3-50 pg/L)[32] are varied by the type of supple-
ments and food sources [33-35]. We used the doses of quercetin

in the range of 10-50 M in cell culture of this study and expect
that these amounts can be achieved by eating plant based foods
as a concentrated form, such as tea, tablet, and fruit skin extracts.

Signal transduction pathways in the downstream of IGF-1R
are complex and have been studied extensively in cultured cells.
Moreover, quercetin has been shown to inhibit a variety of
enzymes involved in the cell proliferation and signal transduction
pathways, including protein kinase C [36], tyrosine kinase [37],
PI3K [38] and JNK [39]. Quercetin also has a binding activity
to the type II estrogen binding sites [40] or aryl hydrocarbon
receptors [41]. Therefore, other possible mechanisms of anticancer
activity of quercetin cannot be excluded.

In this study, we identified that quercetin directly inhibited
IGF-1R phosphorylation in the MT1/2 cells and suppressed skin
cancer development in BK5. IGF-1 Tg mice. These results
suggest a possible mechanism on how quercetin prevented cancer
progression in the previous clinical and sub-clinical animal studies.
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