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ORIGINAL ARTICLE

Quercetin reverses tamoxifen resistance in breast cancer cells
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Summary

Purpose: To investigate the effect of quercetin on the re-
versal of tamoxifen resistance in breast cancer cells, and
explore the underlying mechanism.

Methods: We established a tamoxifen-resistant breast can-
cer cell line (MCF-7Ca/TAM-R), and exposed it to different
concentrations of quercetin (experimental group 1: 10uM,
group 2: 25uM, and group 3: 50uM). Each group was fur-
ther subdivided into 2 subgroups: 1) simultaneous admin-
istration of quercetin and 4-hydroxy-tamoxifen (OHT); 2)
sequential administration of quercetin (12-h induction) fol-
lowed by OHT. No drug exposure and OHT alone were used
as controls. We determined cell survival, apoptosis, and ex-
pression of ERa (estrogen receptor a) and Her-2 (human
epidermal growth factor receptor 2).

Results: With increasing dosage of quercetin, significant
decrease in proliferation and increase in apoptosis was
observed. Low concentrations of quercetin (10uM) had
no effects. We found no significant difference between si-

Introduction

Carcinogenesis and development of breast
cancer are closely related to the levels of steroid
hormones. One treatment approach for breast can-
cer patients who are positive for ER, involves the
use of endocrine therapy. Tamoxifen is non-ste-
roidal compound that binds competitively to ER,
thereby inhibiting the growth of breast cancer
cells. Because of its therapeutic properties, ta-
moxifen is one of the main drugs currently used
as first-line endocrine therapy against breast can-
cer. Despite increasing reported rates of clinical
benefit, some researchers found that 40% of the
patients who initially responded effectively to

multaneous and sequential mode of drug administration.
Further, with increasing dosage of quercetin, we observed a
gradual reduction in Her-2 expression and upregulation of
ERa. Again, no difference in Her-2 and ERa protein levels
between simultaneous and sequential drug administration
was noticed.

Conclusions: Proliferation inhibition and apoptosis in
MCF-7Ca/TAM-R cells increase with increasing dosage of
quercetin. This suggests that quercetin can reverse tamox-
ifen resistance in breast cancer cells. The underlying mech-
anism likely involves upregulation of ERa combined with
downregulation of Her-2. However, this effect is independ-
ent of whether quercetin and tamoxifen are administered
simultaneously or sequentially.

Key words: breast cancer, endocrine therapy, quercetin, ta-
moxifen-resistance

tamoxifen administration, developed secondary
resistance during prolonged course of treatment.
This indicates that recurrence and metastasis
could occur during the standard 5-year treatment
course of tamoxifen [1,2]. This resistance to ta-
moxifen has serious therapeutic implications.
The first example of a reversal effect of aldose
reductase inhibitors on endocrine-resistant cells
through upregulation of ERa and downregulation
of Her-2 was reported in the 2009 San Antonio
Breast Cancer Symposium (SABCS) [3]. Quercetin
is a type of aldose reductase inhibitor of the flavo-
noid family, and used in traditional Chinese med-
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icine. It is known to have antitumor properties.
Several studies have shown that its mechanism of
action is likely to involve interference with tumor
cell signal transduction, inhibition of prolifera-
tion and metastasis [4-7], antiangiogenic effects
[8] and reversal of multidrug resistance [9]. Other
studies have shown that the antitumor effect of
quercetin on breast cancer cells is possibly me-
diated through downregulation of Her-2 expres-
sion [9]. Therefore, quercetin seems to function
through inhibition of Her-2 function.

In this study, we searched whether querce-
tin can reverse the tamoxifen resistance of breast
cancer cells. We also looked for the possible ef-
fect of quercetin on the expression of ERa and
Her-2, and the regulatory crosstalk between sig-
naling pathways mediated by ERa and Her-2. In
this study, we used the tamoxifen resistant de-
rivative of ER-positive human breast cancer cell
line MCF-7Ca (MCF-7Ca/TAM-R) to address these
questions. Specifically, we assayed the effect of
quercetin induction on MCF-7Ca/TAM-R cells fol-
lowing tamoxifen exposure. Through this study,
we aimed to address the issue of secondary resist-
ance in breast cancer patients receiving long-term
tamoxifen therapy.

Methods

Materials

The human breast cancer cell line MCF-7Ca was
purchased from Shanghai Cell Department of the Chi-
nese Academy of Sciences. We procured fetal bovine se-
rum (FBS), DMEM medium and 0.25% trypsin from Gib-
co (California, USA), 4-Hydroxytamoxifen (4-OH-TAM,
OHT), MTT and dimethyl sulfoxide (DMSO) from Sigma
(Missouri, USA), and Annexin V-FITC and PI kit from
Mbchem (Shanghai, China). A flow cytometer (FACS
Aria, BD, New Jersey, USA) and a microplate reader (Bio-
Rad, California, USA) were also used in this study.

Establishment of tamoxifen-resistant breast cancer cell line
(MCF-7Ca/TAM-R)

The OHT impact method of high concentration and
short-term exposure was used to establish the tamox-
ifen-resistant MCF-7Ca/TAM-R line. Briefly, MCF-7Ca
cells were cultured in the logarithmic growth phase in
10 cm Petri dishes. OHT was added at a final concentra-
tion 10-6 mol/L. After changing medium every 2 to 3
days for 21 days, a stable MCF-7Ca/TAM-R cell line was
established using a limiting dilution assay. The line
was maintained in media containing OHT at a mainte-
nance concentration of 10-7mol/L (mcOHT).

Grouping
The MCF-7Ca/TAM-R cells were divided into three
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groups: experimental group, negative control and
blank control. The experimental group was further sub-
divided into three groups, based on the concentration
of quercetin that they were subsequently exposed to:
experimental group 1 (10 pM quercetin), experimen-
tal group 2 (25 M quercetin), and experimental group
3 (50 pM quercetin). Next, each of these groups was
subdivided into two subgroups: group a (simultaneous
administration of quercetin and OHT), and group b (se-
quential administration of quercetin (induced for 12
hrs, followed by OHT). In the negative control group,
cells were exposed only to OHT, while in the blank con-
trol group, no drugs were added to culture. OHT was
administered at a final concentration of 10°° mol/L.

Determination of cell survival rate using MTT assay

Cells in all groups were cultured in 96-well plates
with approx. 1x10* cells per well. To each well, 50pL
of 1X MTT was added following the last dosage of 24,
48, and 72 hrs, and incubated at 37°C for 4 hrs. Next,
150pL DMSO were added to the culture and oscillated
for 20 min for formazan crystals to dissolve completely:.
The optical density (OD) was measured on a microplate
reader at 570 nm detection wavelength. Cell survival
rates (CSRs) were calculated at different time periods
following quercetin treatment using the formula: CSR
% = OD value of test well / OD value of control well x
100%.

Detection of cellular apoptosis by flow cytometry

To determine the level of apoptosis, after the last
dosage of 48-h, cultures in each group were digested
with 0.25% trypsin to generate a single cell suspen-
sion. Next, we washed the suspension twice with pre-
cooled PBS, added 70% cold ethanol and fixed for 18 hrs
at 4°C. Finally, the cell concentration was adjusted to
10%/mL. One mL of the above cells was washed 3 times
with PBS and then resuspended into one ml PI for 30
min in the dark. Ultraviolet excitation wave of 340nm
wavelength and maximum emission wave with 620nm
wavelength were set in flow cytometry analysis.

Evaluation of ERa and Her-2 protein expression using
Western blotting

Total cellular protein from each group was extract-
ed after the last dosage of 48 hrs, and separated on a
12% SDS-polyacrylamide gel by electrophoresis. Sepa-
rated proteins were then transferred to a nitrocellulose
membrane, and blocked for 2 hrs with PBST containing
5% skimmed milk. Next, the membranes were incubat-
ed with monoclonal primary antibodies against ERa
and Her-2 overnight at 4°C. This was followed by a 2-h
incubation with HRP-conjugated secondary antibody
(goat anti-rabbit IgG-HRP) at room temperature.

Statistics

All measured data were presented as mean =+
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standard deviation (+SD) and analyzed using Analysis
of Variance (ANOVA). Comparison between groups was
made using L-S-D method. Quantitative data were ana-
lyzed using the chi-square test and a p<0.05 was con-
sidered statistically significant. Data between groups
were compared using the Split chi-square test. Correc-
tive a value=0.05+22 (split times)=0.002. In this assay,
p<0.002 was considered as significant difference.

Results

Establishment of tamoxifen-resistant breast cancer
cell line

We used the continued impact method of
high OHT concentration (10°mol/L) and short-
time exposure to successfully derive MCF-7Ca/
TAM-R line. We observed proliferation of cells in
response to OHT intervention at different concen-
trations, thus validating the line. In the parental
MCF-7Ca line, we observed significant growth in-
hibition in the MTT assay at low concentrations
of OHT (10®mol/L). In contrast, proliferation was
not affected in the tamoxifen-resistant line. In this
way, we validated the MCF-7Ca/TAM-R line.

Cell survival rate (CSR) of MCF-7Ca/TAM-R cells af-
ter quercetin administration

Optical density (OD) of proliferating cells was
measured using the MTT assay;, after either simul-
taneous or sequential administration of quercetin
and OHT for 24, 48 and 72 hrs. We then calculated
CSR at three time points following administra-
tion. Our results showed a significant reduction in
CSR in all experimental groups (p=0.000), when
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Figure 1. Cell survival curves of each experimental
group at different time points after administration of
quercetin and OHT.

compared to the control groups. This effect was
enhanced with increasing dosage of quercetin and
increasing duration of exposure. The most signif-
icant decrease in CSR was observed in the exper-
imental group 3 after dosing for 72 hrs (p=0.000).
However, we found no significant reduction in
cell survival following either low dosage (10pM)
or short-time exposure (24 hrs) of quercetin (ex-
perimental group 1 vs control groups: p>0.05).

Table 1. CSR (%) at different time points after quercetin administration, as measured with MTT

) Experimental Experimental Experimental
Hours Blank Negative group 1 group 2 group 3
control control®
at b at b at b

S 100 99.31 99.86 100.15 96.91 95.87 91.71 91.45

+0 £1.58 +1.47 +0.79 +1.43 +1.67 +0.88 +0.76
48 100 99.91 93.96 94.97 87.39 87.66 77.53 76.75

+0 +0.3 +0.49 +1.03 +1.75 +2.03 +1.724 +1.18+
7 100 99.54 91.79 91.78 81.95 82.55 66.85 66.15

+0 +1.26 +1.21 +0.25 £2464 £0.994 £1.564 +0.784

Quercetin concentration in experimental group 1= 10pM; group 2= 25pM; group 3= 50pM; a: simultaneous administration of querce-
tin and OHT; b: 12-h quercetin administration followed by OHT. Blank control group: no drug administered; negative control group:
only OHT. Final concentration of OHT=10"mol/L. ap<0.05 (vs all other experimental groups, except a vs b within a group); 2p>0.05
(a vs b); *p>0.05 (experimental group 1 vs experimental group 1); °p>0.05 (comparison between the two control groups)
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Figure 2. Apoptosis in MCF-7Ca/TAM-R cell line following quercetin administration, as detected by flow cy-
tometry. Quercetin concentration in experimental group 1= 10 pM; group 2= 25 uM; group 3= 50 pM; a: simul-
taneous administration of quercetin and OHT; b: 12-h quercetin administration followed by OHT. Blank control
group: no drug administered; Negative control group: only OHT. Final concentration of OHT= 10-6mol/L. APO:

apoptosis rate.
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Figure 3. Apoptosis (APO) in MCF-7Ca/TAM-R cell
line induced by quercetin.

In addition, there was no significant difference
between the simultaneous and sequential meth-
od of administration in any experimental group
and every time point assayed (p>0.05). Finally,
we found no difference between the two control
groups (p>0.05).

Survival curves were drawn according to the
CSR values (Figure 1). Their analysis showed that
while the survival curve of 24-h quercetin-exposed
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cells started to decline gradually, the viability of
cells exposed for 72 hrs was the best amongst all
experimental groups. While the survival curves
of both experimental groups 2 and 3 showed a
significant decrease, the latter displayed the most
marked reduction. These values were similar be-
tween the simultaneous and sequential adminis-
tration groups, suggesting that the sequence of
drug delivery had no effect on cell survival.

Increased apoptosis of MCF-7Ca/TAM-R cells in-
duced by quercetin

Next, we measured the level of apoptosis in all
experimental groups following a 48-h exposure,
using flow cytometry. We found significant apop-
tosis in all groups but to different degrees (Fig-
ures 2 and 3, p=0.000). Specifically, with increas-
ing dosage of quercetin, the level of apoptosis was
also increased. The most significant effect was ob-
served in the 50pM dosage group (experimental
group 3, p=0.000). We observed no effect in the
low quercetin dosage (10pM) group (experimen-
tal group 1 vs control group: p>0.002). In addition,
there was no significant difference in cell death
between simultaneous and sequential methods of
administration (p>0.002). The two control groups
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Figure 4. Expression of ERa and HER2 protein
detected by Western blotting. A: Blank control group
(no drug); B: Negative control group (only OHT);

C: Simultaneous administration of 10pM quercetin
and OHT; D: 10uM quercetin induction for 12 hours
followed by OHT; E: Simultaneous administration of
25pM quercetin and OHT; F: 25uM quercetin induc-
tion for 12 hours followed by OHT; G: Simultaneous
administration of 50uM quercetin and OHT; H: 50uM
quercetin induction for 12 hours followed by OHT;
Final concentration of OHT= 10-6mol/L.

were also statistically similar (p>0.002).

Changes in ERa and Her-2 expression in MCF-7Ca/
TAM-R cells in response to quercetin

We estimated ERa and Her-2 protein expres-
sion by Western blotting (Figure 4). We detect-
ed bands at 66kD (corresponding to ERa), 185kD
(Her-2) and 37kD (internal control GAPDH)
(Figure 4). With increasing dosage of quercetin,
gradual downregulation in Her-2 expression and
upregulation in ERa was observed. In all experi-
mental groups, there was no significant difference
between subgroups subjected to simultaneous vs
sequential methods of administration of quercetin
and tamoxifen. By downregulating Her-2 expres-
sion, quercetin could block the regulatory cross-
talk between signaling pathways mediated by
ERa and Her-2. Moreover, quercetin also seemed
to enhance ERa expression. Altogether, our data
suggest that tamoxifen resistance in MCF-7Ca/
TAM-R cells was reversed by exposure to querce-
tin.

Discussion

The most common treatment strategy for
breast cancer involves surgery in combination
with a secondary treatment approach such as
chemotherapy, radiotherapy, endocrine therapy
or molecular targeted therapy. Endocrine therapy
is often preferred because it is believed to reduce
the risk of recurrence and metastasis in patients
who are ER-positive. Tamoxifen is a non-steroi-
dal receptor antagonist which inhibits the growth
of tumor cell by competitively binding to the
ER. Following long-term successful clinical use,
tamoxifen has now been established as an im-
portant component of endocrine therapy against
breast cancer.

The rate of clinical success following tamox-
ifen administration has also been steadily increas-
ing. However, few researchers have noted that ta-
moxifen has no therapeutic effect in almost 50%
of breast cancer patients that are positive for hor-
mone receptors. Meanwhile, secondary resistance
has also been shown to occur as a consequence of
a prolonged course of tamoxifen treatment in 40%
of the patients who responded effectively to the
treatment in its initial phase [1,2]. This therapeu-
tic failure is compounded by the fact that drugs
belonging to the family of selective estrogen re-
ceptor modulators (SERMs) tend to promote tu-
mor growth when patients develop resistance to
tamoxifen [10]. Such acquired resistance owing to
long-term medication limits the efficacy and ap-
plicability of tamoxifen in breast cancer patients.

The mechanism underlying endocrine re-
sistance is complex. Currently available studies
on the effects of long-term tamoxifen adminis-
tration have mostly focused on abnormal acti-
vation of growth factor signaling pathways and
downregulation or loss of ERa [11-13]. Molecular
regulatory crosstalk between Her-2 and ERa in-
duces phosphorylation of ERa by activating a mi-
togen-activated protein kinase (MAPK). Research
from Hurtado laboratory [14] showed that growth
factors and estradiol (estrogen 2, E2) synergisti-
cally promote proliferation of ER-positive breast
cancer cells. Estrogen receptors are composed of
conservative amino acid sequences around Ser118
which provide the phosphorylation site that can
be recognized by MAPK. Studies have indicated
that Her-2 may activate MAPK to induce phos-
phorylation of ERgq, leading to the growth and
expansion of tumor cells [15]. Moreover, inhibi-
tors of Her-2 and MAPK were shown to enhance
sensitivity to tamoxifen [16]. In another study,

JBUON 2015; 20(3):711
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Sheng and Zhu demonstrated that growth factors
can activate ERa mediated signaling pathways by
phosphorylating MAPK in vivo. This in turn con-
tributes to cell proliferation [17]. This result drew
keen interest of researchers. These findings are
important because they suggest that breast can-
cer patients who overexpress Her-2 might not be
sensitive to tamoxifen therapy, or are more prone
to developing tamoxifen resistance. This hypothe-
sis was confirmed in the study by James et al. [18].

Another major cause of resistance to endo-
crine therapy is downregulation or loss of ERa
expression [11,13] . Brodie et al. showed that the
expression of ERa in resistant tumor cells is only
50% of that seen in healthy control cells [15]. In
addition, Vesuna et al. reported that the transcrip-
tion factor Twist can induce promoter methylation
resulting in downregulation of ER in the human
breast cancer cell line MCF-7, which is then fol-
lowed by resistance to tamoxifen and fulvestrant
(SERM drug family) [13]. These findings raised
the question of whether increase in ERa expres-
sion could reverse tamoxifen resistance. In this
regard, Zhang et al. found that elemene, extracted
from Radix curcumae of the zingiberaceae family
of plants can induce an increase in ERa expres-
sion, and return sensitivity to tamoxifen therapy
in MCF-7Ca/TAM-R cells [12].

Aldose reductase inhibitors are known to
upregulate ERa and downregulate Her-2 expres-
sion, to reverse the resistance to endocrine drugs
in breast cancer cells [3]. Quercetin is an aldose
reductase inhibitor of the flavonoid family that
has been used in Chinese herbal medicine. It can
downregulate Her-2 expression and inhibit pro-
liferation of breast cancer cells [9]. Furthermore,
quercetin can also function as a metabolic antago-
nist by inhibiting glucose uptake and metabolism
in breast cancer cells through ER-independent
signaling [19]. In the present study, we investi-
gated the sensitivity of MCF-7Ca/TAM-R cells
to tamoxifen treatment in response to quercetin
induction. Our results show that tamoxifen can
decrease proliferation and enhance apoptosis in
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the MCF-7Ca/TAM-R cell line. We further showed
that this effect increases with increasing dosage
of quercetin. This suggests that quercetin has the
ability to enhance the sensitivity to tamoxifen
and thus improve its therapeutic properties. Addi-
tional experiments revealed a possible molecular
mechanism underlying the function of quercetin.
In MCF-7Ca/TAM-R cells treated with quercetin,
we observed significant reduction in Her-2 expres-
sion, which could interrupt the regulatory cross-
talk between ERa and Her-2 mediated signaling.
This could lead to the upregulation of ERa which
was also detected in these cells. In addition, both
sequential as well as simultaneous administra-
tion of quercetin and tamoxifen produced similar
changes in Her-2 and ERa expression. Altogether,
our results strongly suggest that quercetin can re-
verse tamoxifen resistance in a breast cancer cell
line.

Quercetin is widely found in flowers, leaves
and fruits of a variety of plants, and hence can be
easily extracted and purified. In addition to easy
availability, it is safe and inexpensive. Our find-
ings not only provide the theoretical basis for sub-
sequent studies on endocrine resistance in breast
cancer, but also partially resolve the issue of sec-
ondary resistance arising from long-term drug ad-
ministration. With low side-effects and excellent
potency ratio, quercetin is a promising drug for
clinical use as a reversal agent of secondary re-
sistance to tamoxifen in breast cancer patients. It
is important to note that while this study only ex-
plored the in vitro cellular and molecular effects of
quercetin on a tamoxifen-resistant breast cancer
cell line, the physiological mechanism of tamox-
ifen resistance in patients could be much more
complex. The efficacy and safety of quercetin in
vivo needs to be further demonstrated.

Acknowledgement

This work was supported by grants from the
medical research fund of Guangdong Province
(No. A2014664). We thank Prof. Hui-Qing Mao for
his excellent statistical assistance.



Quercetin in tamoxifen-resistant breast cancer 713

References

1. Tanic N, Milovanovic Z, Tanic N et al. The impact of
PTEN tumor suppressor gene on acquiring resistance
to tamoxifen treatment in breast cancer patients. Can-
cer Biol Ther 2012;13:1165-1174.

2. Neskovi¢-Konstantinovi¢ Z, Susnjar S, Nikoli¢-Vu-
kosavljevi¢ D et al. Primarily tamoxifen-unrespon-
sive, steroid receptor-positive breast cancer may
respond to an aromatase inhibition: a pilot study.
JBUON 2005;10:53-58.

3. Rajeshwar Rao Tekmal. Targeting Aldose Reductase:
A Novel Strategy in Treating Endocrine Resistance
Using Combination Therapy. The 2009 San Antonio
Breast Cancer Symposium (SABCS), San Antonio, Dec.
11, 2009.

4. Firdous AB, Sharmila G, Balakrishnan S et al. Querce-
tin, a natural dietary flavonoid, acts as a chemopre-
ventive agent against prostate cancer in an in vivo
model by inhibiting the EGFR signaling pathway.
Food Funct 2014;5:2632-2645.

5. Castillo-Pichardo L, Martinez-Montemayor MM,
Martinez JE et al. Inhibition of mammary tumor
growth and metastases to bone and liver by dietary
grape polyphenols. Clin Exp Metastasis 2009;26:505-
516.

6. Pampaloni B, Palmini G, Mavilia C et al. In vitro ef-
fects of polyphenols on colorectal cancer cells. World
J Gastrointest Oncol 2014;6:289-300.

7. Kim MC, Lee HJ, Lim B et al. Quercetin induces ap-
optosis by inhibiting MAPKs and TRPM7 channels in
AGS cells. Int ] Mol Med 2014;33:1657-1663.

8. Ansé E, Zuazo A, Irigoyen M et al. Flavonoids inhibit
hypoxia-induced vascular endothelial growth factor
expression by a HIF-1 independent mechanism. Bio-
chem Pharmacol 2010;79:1600-1609.

9. Jeong JH, An JY, Kwon YT et al. Quercetin-induced
ubiquitination and down-regulation of Her-2/neu. ]
Cell Biochem 2008;105:585-595.

10. Rachel S, Suleiman M, Jiang S et al. Breast Cancer

11.

12.

13.

14.

15.

16.

17.

18.

19.

Endocrine Resistance : How Growth Factor Signaling
and Estrogen Receptor Coregulators Modulate Re-
sponse. Clin Cancer Res 2003;9 (Suppl) :447-454.

Garcia-Becerra R, Santos N, Diaz L et al. Mechanisms
of Resistance to Endocrine Therapy in Breast Cancer:
Focus on Signaling Pathways, miRNAs and Genetical-
ly Based Resistance Int ] Mol Sci 2012;14:108-145.

Zhang B, Zhang X, Tang B et al. Investigation of el-
emene-induced reversal of tamoxifen resistance in
MCEF-7 cells through oestrogen receptor a (ERa) re-ex-
pression. Breast Cancer Res Treat 2012;136:399-4006.

Vesuna F, Lisok A, Kimble B et al. Twist contributes
to hormone resistance in breast cancer by downreg-
ulating estrogen receptor-a. Oncogene 2012;31:3223-
3234,

Hurtado Al, Holmes KA, Geistlinger TR et al. Regu-
lation of ERBB2 by oestrogen receptor-PAX2 deter-
mines response to tamoxifen. Nature 2008;456:663-
660.

Brodie A, Jelovac D, Sabnis G et al. Model systems:
mechanisms involved in the loss of sensitivity to
letrozole. J Steroid Biochem Mol Biol 2005;95:41-48.

Orphanos G, Kakoullou N, Ardavanis A et al. Is over-
coming hormone resistance in breast cancer possible?
JBUON 2008;13:315-322.

Sheng ZG, Zhu BZ. Low concentration of bisphenol
a induce mouse spermatogonial cell proliferation
by G-Protein-coupled receptor 30 and estrogen rece-
por-a. Environ Health Perspect 2011;119:1775-1780.

James R, Thriveni K, Krishnamoorthy L et al. Clinical
outcome of adjuvant endocrine treatment according
to Her-2/neu status in breast cancer. Indian ] Med Res
2011;133:70-75.

Moreira L, Aratjo I, Costa T et al. Quercetin and
epigallocatechin gallate inhibit glucose uptake
and metabolism by breast cancer cells by an estro-
gen receptor-independent mechanism. Exp Cell Res
2013;319:1784-1795.

JBUON 2015; 20(3):713



