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Abstract

Aims: Hemangiomas are endothelial cell tumors and the most common soft tissue tumors in infants. They
frequently cause deformity and can cause death. Current pharmacologic therapies have high-risk side-effect
profiles, which limit the number of children who receive treatment. The objectives of this work were to identify
the mechanisms through which standardized berry extracts can inhibit endothelial cell tumor growth and test
these findings in vivo.
Results: EOMA cells are a validated model that generates endothelial cell tumors when injected subcutaneously
into syngeneic (129P/3) mice. EOMA cells treated with a blend of powdered natural berry extracts (NBE)
significantly inhibited activity of multidrug resistance protein-1 (MRP-1) compared to vehicle controls. This
resulted in nuclear accumulation of oxidized glutathione (GSSG) and apoptotic EOMA cell death. When NBE-
treated EOMA cells were injected into mice, they generated smaller tumors and had a higher incidence of
apoptotic cell death compared to vehicle-treated EOMA cells as demonstrated by immunocytochemistry.
Kaplan–Meier survival curves for tumor-bearing mice showed that NBE treatment significantly prolonged
survival compared to vehicle-treated controls.
Innovation: These are the first reported results to show that berry extracts can inhibit MRP-1 function that
causes apoptotic tumor cell death by accumulation of GSSG in the nucleus of EOMA cells where NADPH
oxidase is hyperactive and causes pathological angiogenesis.
Conclusions: These findings indicate that berry extract inhibition of MRP-1 merits consideration and further
investigation as a therapeutic intervention and may have application for other cancers with elevated MRP-1
activity. Antioxid. Redox Signal. 26, 1009–1019.
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Introduction

Endothelial cell tumors are the most common soft
tissue tumors in infants (22, 28). The majority of these

tumors are hemangiomas that occur in the head and neck area
resulting in obvious deformity. Although most will sponta-
neously regress, 50% leave residual deformity, 10% threaten
normal development of vital structures, and 1% threatens the
life of the child (22, 28, 48). Most are not amenable to sur-
gical resection. Current pharmacologic treatment options for
endothelial cell tumors are steroids, vincristine, interferon-
alpha, and propranolol (25, 31). All have high-risk side-effect
profiles, including immunosuppression, spastic diplegia,
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Innovation

This work presents a novel therapeutic strategy to kill
oxidant-rich tumor forming cells, that is, inhibition of the
cellular oxidized glutathione (GSSG)-efflux mechanism
multidrug resistance protein-1 (MRP-1). Furthermore, a
standardized natural berry extract is recognized as being
effective in managing endothelial cell tumor in vivo by
inhibition of MRP-1. The inhibition of MRP-1 may have
the added benefit of reducing cancer cell chemoresistance
and identifies an important potential role of phytochemi-
cals as an adjunctive treatment to improve the effective-
ness of chemotherapy.
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developmental delays, hypotension, bradycardia, and hypo-
glycemia. Propranolol, the drug of choice to treat hemangi-
omas, also has undetermined risks for neurocognitive
impairment (33, 34). Since there is high risk associated with
hemangioma treatment, only those children with threatening
lesions receive treatment, while the remainders live with their
deformity for 5–9 years while the tumor involutes. Thus,
there is clearly a need for safer therapies that minimize risks,
so that treatment can be given to all affected children to
prevent deformity or death.

We have reported highly elevated levels of Nox-4 ex-
pression in human hemangiomas and using a validated mu-
rine (EOMA) model for hemangioendothelioma have shown
that tumor development is dependent on elevated levels of
Nox-4-derived H2O2 (4, 17). We also reported that peri-
nuclear Nox-4 protein in EOMA cells causes elevated levels
of nuclear H2O2 and that increased multidrug resistance
protein-1 (MRP-1) activity with efflux of oxidized glutathi-
one (GSSG) out of the nucleus is critical to EOMA cell
survival (4, 17, 20). MRP-1 is a membrane-bound transport
protein that effluxes many types of chemotherapeutic agents,
including vinca alkaloids, which are the type of agents used
to treat endothelial cell tumors (12, 30). Thus, the increased
levels of MRP-1 activity necessary to maintain EOMA cell
survival may also render it less susceptible to the effects of
chemotherapy. There are previous reports of phytochemicals
inhibiting MRP-1, but the mechanisms have not been clearly
elucidated and none of the phytochemicals was tested on
in vivo endothelial cell tumor models (43, 44). The objectives
of this work were to determine whether treatment of EOMA
cells with standardized powdered natural berry extracts
(NBE) can inhibit MRP-1, decrease hemangioendothelioma
size, and improve survival in a murine model.

Results

The in vitro model was designed to provide continuous
low-level exposure to NBE that simulates the way treatment
would be delivered in a clinical setting. Toxicity effects were
observed starting at 12 days of continuous exposure. This was
taken as the inflection point at which selection for NBE-
resistant cells and homeostasis was overcome and NBE
treatment effects observed. NBE treatment for 12 days at
50 lg/ml resulted in a significant loss of viability in EOMA
cells, which was not observed in murine aortic endothelial
(MAE) cells (Fig. 1A). Thus, NBE at 50 lg/ml and 12 days of
continuous exposure was chosen as the treatment dose for
subsequent experiments, unless otherwise indicated.

To determine whether NBE treatment could inhibit MRP-1
activity, a calcein exclusion test was performed on MAE and
EOMA cells treated with NBE or vehicle control. MRP-1
activity in EOMA cells was inhibited in a dose-dependent
manner, while MAE cells showed no loss of MRP-1 activity
except at an excessive 100 lg/ml dose (Fig. 1B).The loss of
MRP-1 activity in MAE cells at that dose may be due to NBE
toxicity as shown by lactate dehydrogenase (LDH) assay.
The loss of MRP-1 activity in EOMA cells may be attribut-
able to NBE-mediated inhibition of MRP-1 transcription
(Fig. 1C) and translation (Fig. 1D). Immunocytochemistry
(ICC) was used to confirm decreased levels of MRP-1 ex-
pression in EOMA cells treated with NBE (Fig. 2A). The
levels of MRP-1 detected by ICC were quantified by pixel
densitometry and were significantly decreased in response to
NBE treatment (Fig. 2A). Interestingly, we observed that
NBE treatment significantly decreased nuclear localization
of MRP-1 (Fig. 2B), with cytoplasmic staining for MRP-1
almost threefold higher than nuclear staining (Fig. 2C).

FIG. 1. NBE inhibits MRP-1 activity.
(A) LDH toxicity assay of EOMA cells
treated with NBE shows a dose-dependent
decrease in EOMA cell survival. MAE cells
were included as nontumor-forming endo-
thelial cell controls. (B) MRP-1 activity was
measured by flow cytometry detection of
calcein exclusion and was found to be sig-
nificantly reduced in EOMA cells treated
with NBE at 50 and 100 lg/ml and in MAE
cells treated with 100 lg/ml dose. (C, D)
mRNA and Western blot data show reduced
MRP-1 protein expression in EOMA treated
with NBE (50 lg/ml) compared to vehicle
control. *p < 0.05, n = 6. LDH, lactate de-
hydrogenase; MAE, murine aortic endothe-
lial; MFU, mean fluorescence units; MRP-1,
multidrug resistance protein-1; NBE, natural
berry extracts.
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FV10-ASW 3.0 software (Olympus) was used for post hoc
image analysis of the MRP-1 ICC to identify colocalization
of green MRP-1 and blue DAPI pixels with the overlapping
colors shown as white pixels.

To test whether NBE caused nuclear accumulation of
GSSG, EOMA cells were treated with either NBE or 1,3-bis
(2-chloroethyl)-N-nitrosourea (BCNU), an inhibitor of glu-

tathione reductase that blocks the reduction or recycling of
GSSG to reduced glutathione (GSH). Treatment with BCNU
was expected to increase cellular levels of GSSG and thus
was used as a positive control. Whole cell lysates of EOMA
cells treated with NBE or BCNU had significantly elevated
levels of GSSG compared to vehicle controls (Fig. 3A).
However, GSH levels in whole cell lysates were the same

FIG. 2. NBE decreases nuclear MRP-1 localization. (A) Immunofluorescence detection of MRP-1 (green) in NBE-
treated EOMA cells labeled with DAPI (blue) shows significant reduction in green fluorescence compared to vehicle
treatment (scale bar = 50 lm). Pixel densitometry was used to quantitate fluorescence intensity (AxioVision Rel 4.8 soft-
ware; Zeiss). (B) Nuclear colocalization of green and blue fluorescence as shown by white dots reveals a significant loss of
nuclear MRP-1 in response to NBE treatment (scale bar = 50 lm). (C) MRP-1 intensity ratio of nuclear to cytosolic
compartment (total-nuclear) in vehicle control and NBE treatment groups. *p < 0.05, n = 4. To see this illustration in color,
the reader is referred to the web version of this article at www.liebertpub.com/ars

FIG. 3. NBE-mediated loss of MRP-1 results in nuclear accumulation of GSSG. GSH and GSSG content in whole cell
lysates and cytosolic and nuclear fractions of NBE-treated (50 lg/ml) EOMA cells were measured using a commercially
available kit according to the manufacturer’s instructions. (A) GSSG measurements, (B) GSH measurements, and (C) GSSG/
GSH ratio in whole cell lysates of vehicle- and NBE-treated EOMA cells. BCNU (10 lM, 24 h) is an inhibitor of glutathione
reductase and was used as a positive control for GSSG accumulation. (D) Cell viability was measured by flow cytometry
detection of PI for all treatment groups. (E) Nuclear and cytosolic fraction measurement of GSSG, (F) GSH, and (G) GSSG/
GSH ratio shows significant accumulation of nuclear GSSG in the NBE-treated group compared to control with a corre-
sponding increase in GSSG/GSH ratio. (H) Comparison of nuclear versus cytosolic GSSG/GSH ratio *p < 0.05, n = 4. BCNU,
1,3-bis (2-chloroethyl)-N-nitrosourea; GSH, reduced glutathione; GSSG, oxidized glutathione; PI, propidium iodide.
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across all three treatment groups (Fig. 3B). The rise in GSSG
in NBE- or BCNU-treated EOMA cells without a corre-
sponding decrease in GSH indicated cellular GSSG accu-
mulation. A significant increase in GSSG/GSH ratio for
NBE- and BCNU-treated groups compared to vehicle con-
trols (Fig. 3C) pointed toward a compromised GSH redox
state within the cell. Such fate was followed by cell death in
both NBE- and BCNU-treated groups (Fig. 3D).

Analysis of subcellular compartments revealed that cyto-
solic GSSG levels were essentially the same for all three
treatment groups, while NBE- and BCNU-treated cells had
significantly higher levels of nuclear GSSG compared to
vehicle controls (Fig. 3E). There were no differences between
the treatment groups for cytosolic or nuclear GSH levels
(Fig. 3F), indicating nuclear GSSG accumulation. The ratio
of GSSG/GSH is commonly used as an indicator of oxidative
stress. Comparison of these ratios in EOMA cells indicates
that the nucleus of all three groups was under significant
oxidative stress compared to the cytosolic fractions. In ad-
dition, the oxidative stress in the nucleus was significantly
worse in the NBE- and BCNU-treated groups compared to
vehicle controls (Fig. 3G). The relative magnitude of oxi-
dative stress for the nuclear compared to the cytosolic com-
partment was analyzed by comparing the GSSG/GSH ratios.
The magnitude was quite impressive for all three groups and
especially for the NBE treatment with nuclear ratios 12 times
higher than cytosolic (Fig. 3H).

Elevated GSSG is known to induce apoptotic cell death
(13, 49). Thus, experiments were performed to determine
whether treatment with NBE induced EOMA cell apoptosis.
These experiments were performed on cells after 10 days of
NBE/vehicle treatment before loss of cell viability. A
screening assay that compared apoptosis to necrosis showed
that apoptosis was the predominant mechanism of cell death
and that it was significantly elevated in NBE-treated cells
compared to vehicle controls (Fig. 4A, B). Activation of the
intrinsic pathway was hypothesized as the mechanism driv-
ing apoptosis. This was confirmed by Western blot detection
of activated/dimeric Bax, caspase 9, and cleaved caspase 3 to
indicate functional activation of the apoptotic pathway
(Fig. 4C). All three of these apoptotic proteins were elevated
in response to NBE treatment compared to controls (Fig. 4D).
These findings were verified by ICC detection of the same 3
proteins (Fig. 4E) and all were significantly elevated com-
pared to controls (Fig. 4F).

To test the clinical relevance of these findings, mice re-
ceived a subcutaneous injection of EOMA cells treated with
12 days of NBE (n = 6) or vehicle control (n = 6) before in-
jection and tumor growth and survival measured. No treat-
ment interventions were done after EOMA cell injections.
This experimental approach mimics the continuous drug
exposure that would occur in a clinical setting and ensures
drug delivery to tumor-forming EOMA cells to support proof
of concept studies. Representative pictures of the tumors are
shown in Figure 5A. At 10 days postinjection, tumors from
NBE-treated EOMA cells were significantly smaller than
those generated by vehicle-treated EOMA cells (Fig. 5B).
Measurements were done at the 10-day time point to ensure
an adequate number of mice in the vehicle control group as
they start to die from the Kasabach–Merritt phenomenon
(sequestration of red blood cells and platelets in the tumor) by
day 7 (24). Kaplan–Meier survival curves showed a signifi-

cant survival advantage in mice injected with NBE-treated
EOMA cells (Fig. 5C).

Tumor specimens collected at 10 days after EOMA cell
injection were subject to microscopic analysis. Hematoxylin
and eosin (H&E) staining done on representative whole tumor
sections confirmed that tumors generated by NBE-treated cells
were smaller in size. In addition, there was decreased cellu-
larity in the NBE-treated tumors. Lymphatic vessel endothelial
receptor 1 (Lyve) staining detects EOMA cells (9, 10, 32).
Immunohistochemistry showed a decrease in the number of
the tumor-forming Lyve+ EOMA cells within the tumor
stroma (Fig. 6A). Quantitative analysis using pixel densitom-
etry showed that the difference in EOMA cell numbers was
statistically significant (Fig. 6B). Thus, smaller tumors in the
NBE-treated group may be a result of decreased number of
tumor-forming endothelial cells driving tumor growth. ICC
was also performed on tumor sections obtained at 10 days post-
EOMA cell injection to see if NBE treatment induced apo-
ptosis in vivo. The same three proteins, activated/dimeric Bax,
caspase 9, and cleaved caspase 3, were imaged to confirm
in vitro results observed in Figure 4. All three protein markers
of apoptosis were significantly elevated in NBE tumors com-
pared to vehicle control tumors as quantified by pixel densi-
tometry of ICC images (Fig. 7A). MRP-1 expression was also
found to be reduced at day 10 tumor tissue in the NBE group
compared to control (Fig 7B). The increase in tumor apoptosis
along with reduced MRP-1 expression in mice receiving
EOMA cells treated with NBE would explain the smaller tu-
mors and prolonged survival in this group.

Discussion

MRP-1 is overexpressed in many different types of cancer,
including breast (1), lung (11), prostate (56), and childhood
neuroblastoma (42). The overexpression of MRP-1 has been
shown to be a negative prognostic indicator for patients with
childhood neuroblastoma and soft tissue sarcomas high-
lighting the clinical significance of this protein (23, 38, 47).
The use of phytochemical compounds to inhibit MRP-1 has
been previously described, but the vast majority of this work
has been done in vitro (5, 35, 41). These are the first reported
results demonstrating that NBE can inhibit MRP-1 in vitro
and endothelial cell tumor growth in vivo.

This work identified a new mechanism through which
MRP-1 inhibition may induce tumor cell death. MRP-1 is
widely expressed in healthy human and mouse tissue (14, 37).
Oxidative stress is a hallmark of malignant transformation
that is not present in healthy cells (27, 36). The lethal effects
of MRP-1 inhibition through the accumulation of GSSG
means that cells with oxidative stress would be susceptible to
these effects, but not healthy cells, that is, no off target ef-
fects. The significance of GSH as a substrate for conjugation
by other molecules to facilitate MRP-1 efflux has been pre-
viously described (3, 26), but the concept of MRP-1 as a
critical regulator of oxidative homeostasis is novel (49).
These are the first reported results that a phytochemical
product that inhibits MRP-1 can increase intracellular oxi-
dative stress through the accumulation of GSSG.

The increase in MRP-1 activity as a defense mechanism to
compensate for the pathologically induced oxidized condi-
tions of the nucleus in untreated EOMA cells has recently
been explored in detail (20). This work builds upon that prior
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effort by demonstrating the effects of NBE treatment on the
pathologic adaptations that facilitate tumorigenesis. Un-
treated EOMA cells have significant depletion of GSH and a
significant increase in glutathione reductase and thioredoxin
reductase compared to nontumor-forming MAE cells. This
elevated thiol reductase activity was necessary for EOMA
cell survival as shown by loss of viability with BCNU and

Auranofin treatment (20). The inherently low levels of GSH
and elevated levels of thiol reductase necessary to achieve a
minimum threshold level of GSH to maintain viability may
explain why there was no change in GSH levels observed
with NBE or BCNU treatment in this work. In that same work
on untreated EOMA cells, we reported that nuclear translo-
cation and function of MRP-1 in EOMA cells were dependent

FIG. 4. NBE treatment causes apoptotic cell death. (A) NBE-induced EOMA cell death is predominantly apoptotic as
measured by the Apoptosis/Necrosis Assay Kit where Apopxin Green (apoptosis marker—green), 7-AAD (necrosis
marker—red), and Cytocalcein Violet (cell viability marker—blue) were used (scale bar = 50 lm). (B) Pixel densitometry
was used to quantify fluorescence signals and showed significantly elevated incidence of apoptosis compared to necrosis
after NBE treatment. (C, D) Western blot detection of apoptotic proteins dimeric/activated Bax, caspase 9, and cleaved
caspase 3 was significantly elevated in NBE-treated EOMA cells compared to vehicle-treated controls. (E, F) Protein
expression results were confirmed by immunocytochemistry on EOMA cells treated with NBE or vehicle control with
fluorescence intensity quantified using pixel densitometry (scale bar = 25 lm). The results are consistent with Western blot
findings. *p < 0.05, n = 6. To see this illustration in color, the reader is referred to the web version of this article at www
.liebertpub.com/ars
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FIG. 5. NBE treatment inhibits tumor growth in vivo. Syngeneic 6–8-week-old female 129 P/3 mice received a
subcutaneous injection of EOMA cells treated with NBE (n = 6) or vehicle control (n = 6) for 12 days before injection. (A)
Photos depict representative tumor length, width, and projection 5 and 10 days after EOMA cell injection. (B) Tumor
volume was quantified using calipers (length · width · height). Significantly reduced tumor growth was observed at day 10
in NBE-treated group compared to vehicle control. (C) Kaplan–Meier survival curve analyzed by log-rank analysis shows
that mice injected with NBE-treated EOMA cells have a significant survival advantage compared to vehicle control.
*p < 0.05. To see this illustration in color, the reader is referred to the web version of this article at www.liebertpub.com/ars

FIG. 6. NBE specimens have fewer tumor-forming EOMA cells. (A) Serial sections of whole tumor specimens 10 days
after injection of EOMA cells treated with vehicle control or NBE. There were two tissue sections per group with pixel
densitometry done on four separate areas per section using a 20 · magnification objective with a 5 · zoom for each area of
analysis. (i) H&E staining of vehicle control or NBE (iv). EOMA cells within the tumor stroma were identified by Lyve-1
immunohistochemistry (1:100) performed on vehicle control (ii) and NBE (v) group with negative control (secondary
antibody alone) of vehicle control (iii) and NBE (vi) group. (B) Quantification of Lyve-1 expression (pixel densitometry)
showed significantly decreased levels of Lyve-1 protein in NBE-treated compared to vehicle control group. Scale bar =
200 lM. Results are expressed as mean – standard deviation of at least three determinant sections; *p < 0.05 (n = 3). H&E,
hematoxylin and eosin. To see this illustration in color, the reader is referred to the web version of this article at www
.liebertpub.com/ars
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on the cooperative effects of the transcription factor Y box-1
(YB-1) and ape/ref-1 for MRP-1 nuclear localization and
function (20). We have shown that Nox-4 induces expression
of ape/ref-1 in EOMA cells and expression of Y box-1 is also
known to be induced under conditions of genotoxic stress (4,
8). Thus, oxidative events in EOMA cells drive MRP-1 ac-
tivity. The loss of MRP-1 nuclear localization and activity may
be attributable to the antioxidant properties of the NBE in-
hibiting oxidant-inducible expression of ape/ref-1 and YB-1.

Elevated intracellular levels of GSSG are known to trigger
apoptotic cell death (49). These are the first reported results to
causally link a phytochemical treatment with MRP-1 inhi-
bition and tumor apoptosis. A striking finding was that sig-
nificantly elevated levels of all three apoptosis proteins were
present in the hemangioendothelioma specimens 10 days
after the last exposure to NBE. Presumably, the effects of
NBE would be lost as EOMA cells multiplied during tumor
development. This finding merits further investigation to
uncover the mechanisms behind these persistent effects. Like
others, we have reported that berry therapy can prevent tumor
growth through inhibition of oxidant-sensitive transcription
factors activator protein 1 (AP-1) and NF-jB that promote
tumor growth (2, 16). The accumulation of GSSG and apo-
ptotic cell death represents an additional new mechanism for
phytochemicals to alter the oxidative status of the cancer cells
to inhibit tumor growth. We have reported that EOMA cells
survive at GSSG/GSH ratios that are generally not compat-
ible with survival because of the compensatory effects of
MRP-1-mediated GSSG efflux (20). It may be that the in-
hibitory effects of NBE on MRP-1 are enough to overwhelm
the compensatory effects that permit EOMA cell survival.
The lack of safe pharmacologic therapies to treat the most

common type of endothelial cell tumors (39, 46) makes this
work critically important, where NBE is recognized as a safe
and effective potential therapeutic option for the management
of endothelial cell tumors in children. Future studies are needed
to show that mice receiving NBE supplementation develop
smaller hemangioendothelioma compared to control mice.

Materials

The following materials were obtained from the source
indicated: dimethyl sulfoxide, GSSG, and GSH (Sigma). For
cell culture, Dulbecco’s modified Eagle’s medium (DMEM),
fetal calf serum (FCS), penicillin, and streptomycin were
purchased from Invitrogen. Culture dishes were obtained
from Nunc. EOMA cells (ATCC) and MAE cells were a gift
from Charles G. Orosz (the Ohio State University).

Methods

Cell culture

EOMA and MAE cells were maintained under the same
conditions as previously described (18). In brief, cells were
maintained in DMEM supplemented with 10% FCS and 1%
penicillin/streptomycin (complete media), and incubated at
37�C and 5% CO2. Continuous treatment of different doses of
NBE (25, 50, 100 lg/ml) and vehicle control (1% dimethyl
sulfoxide) was carried out in cell culture media up to six
passages. NBE is a proprietary mix of powdered berry ex-
tracts (PediaBerry�; NutrimiR). Cells were split/passed ev-
ery other day and all the experiments were done using cells
treated with NBE or vehicle control for 12 days, unless
specified. BCNU, an inhibitor of GSSG reductase, was

FIG. 7. NBE treatment induces endothelial tumor apoptosis in vivo. (A) There were two tissue sections per group with
pixel densitometry done on four separate areas per section using a 20 · magnification objective with a 5 · zoom for each area
of analysis. Immunofluorescence detection of cleaved Bax (1:100), caspase 9 (1:100), and cleaved caspase 3 (1:200)
proteins in mouse tumor tissue sections collected 10 days after EOMA cell injection. DAPI was used to counterstain the
nucleus (scale bar = 100 lm, inset scale bar = 25 lm). Fluorescence intensity analysis showed significant differences in all
apoptosis marker proteins in NBE-treated group compared to vehicle treatment. (B) Western blot shows that NBE-treated
tumors have significantly lower levels of MRP-1 than vehicle controls *p < 0.05, n = 6. To see this illustration in color, the
reader is referred to the web version of this article at www.liebertpub.com/ars
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treated (10 lM) for 24 h in both vehicle control and NBE-
exposed EOMA cells as previously described (20).

In vivo studies

All animal protocols were approved by the Institutional
Animal Care and Use Committee (IACUC) of the Ohio State
University, Columbus, Ohio. Mice were maintained under
standard conditions at 22�C – 2�C with 12:12 dark:light cy-
cles with access to food and water ad libitum. 129P/3 mice
(6–8 weeks, female; Jackson Laboratories) were subcutane-
ously injected with vehicle- and NBE-treated EOMA cells, as
previously described (18). Trypan blue exclusion staining is
done to ensure that each aliquot of cells for injection contains
the same number of live cells. Tumor volume was determined
by using calipers to measure length · width · height of each
tumor, and the mass was determined by draining the blood
from the tumor and weighing the residual solid tumor mass
dissected free from any surrounding soft tissue as previously
described (17, 18, 21).

Preparation of nuclear and cytosolic extracts

EOMA cells were seeded in 12-well plates at 1 · 105 cells/
well. Nuclear and cytosolic extracts were isolated using a
Nuclear Extraction Kit (Trans AM kit; Active Motif Corp.) as
per the manufacturer’s instructions. Protein concentrations
were measured by the bicinchoninic acid (BCA) protein assay
reagent (Pierce Biotechnology), and the extracts were stored at
-80�C until analyzed. The purity of the nuclear and cytoplas-
mic fractions was confirmed as previously described (4, 20).

GSH and GSSG assay

GSH and GSSG were measured in NBE/vehicle cell ly-
sates using a commercially available GSH/GSSG detection
kit (Abcam; ab138881). In brief, cells were seeded in 12-well
plates at 1 · 105 cells/well. Cells were harvested combining
three wells for each sample. For preparing whole cell lysate,
cells were washed with cold phosphate-buffered saline
(PBS), scrapped, and centrifuged (500 g) for 5 min at 4�C.
Pellets were then treated with 5% wt/v m-phosphoric acid
(final concentration) and immediately snap-frozen and stored
in liquid nitrogen (6, 20). Samples were quickly thawed on
ice and centrifuged (12,000 g, 5 min) at 4�C for protein
precipitation and for use in the GSSG/GSH kit. Supernatants
were collected and filtered through a 0.2-lm filter. The fil-
trate was pH adjusted to 4–6 by using NaHCO3 drop by
drop. GSH and GSSG standard curve, along with samples,
was run according to the kit protocol (40). Nuclear and cy-
tosolic protein pellets were processed for GSSG/GSH mea-
surement similar to the whole cell lysates.

Determination of cell viability

The viability of cells in culture was assessed by measuring
leakage of LDH from cells into media using an In Vitro
Toxicology Assay Kit from Sigma-Aldrich. LDH toxicity
testing was performed to identify the appropriate experi-
mental NBE dose for EOMA cells. Nontumor-forming MAE
cells were included as treatment controls. LDH data were
performed every other day on cells cultured in NBE or ve-
hicle control (data not shown). This protocol has been de-
scribed in detail in our previous reports (29, 49). Cell viability

was also determined by incubating cells with propidium io-
dide (2.5 mM) in phosphate-buffered saline for 15 min at
37�C and with 5% CO2. Fluorescence intensity was deter-
mined by FACS in FL2 region using an Accuri C6 flow
cytometer (Accuri) at 530-nm excitation with a sample size
of 10,000 cells (4, 51).

MRP-1 activity assay

Calcein clearance assay was used to measure MRP-1 ac-
tivity. Calcein-AM (25 nM) (Thermo Fisher Scientific) was
loaded to the cells for 15 min at 37�C. Cells were washed with
PBS, collected, and analyzed using the Accuri C6TM (Accuri
cytometers) flow cytometer. MRP-1 activity was measured
on the basis of intracellular calcein retention (20, 50).

Western blot

Immunoblotting was performed using different cell lysates
and the protein concentration determined using a BCA protein
assay. Samples (15–20 lg of protein/lane) were separated using
4–12% sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis and probed with the mouse monoclonal anti-MRP-1
antibody (1:750 dilution, Cat. No. ab24102, Lot No. GR203008-
5; Abcam) (20, 52), rabbit polyclonal anti-caspase 9 antibody
(1:750 dilution, Cat. No. ab63488, Lot No. NA; Abcam) (54),
rabbit polyclonal anti-Bax antibody (1:1000 dilution, Cat no. ab
7977, Lot no. GR219328-2; Abcam) (53, 54), rabbit anti-cleaved
caspase 3 (Asp175) antibody (1:10,000 dilution, Cat. No. 9661S,
Lot. No. 73; Cell signaling), and anti-mouse b-actin (1:10,000
dilution, Cat No. A5441, Lot. No. 055K4854; Sigma) (45, 55).
Bands were visualized by using horseradish peroxidase-
conjugated donkey anti-rabbit-IgG (1:2000, Cat. No. NA934 V,
Lot No. 9583369; Amersham Biosciences) and anti-mouse-IgG
(1:2000, Cat. No. NA931 V, Lot No. 6652622; Amersham
Biosciences) (4, 19, 20) and the enhanced chemiluminescence
assay (Amersham Biosciences) according to the manufacturer’s
instructions. Pixel densitometry for individual bands was done
using ImageJ software.

Analysis of gene expression

The cells were seeded in a 12-well plate at a density of
1 · 105 cells/well. For detection of mRNA, total RNA from
cells was extracted using the mirVana miRNA Isolation Kit
according to the manufacturer’s protocol (Ambion, Life
Technologies). For mRNA expression studies, cDNA syn-
thesis was achieved by a SuperScript� III first-strand syn-
thesis system (Applied Biosystems, Life Technologies). The
abundance of mRNA for genes of interest was quantified by
using real-time polymerase chain reaction. The following
primer sets (Invitrogen) were used:

m_MRP1_F, 5¢-GGT CCT GTT TCC CCC TCT ACT
TCT T-3¢ and

m_MRP1_R, 5¢-GCA GTG TTG GGC TGA CCA GTA A-3¢;
m_GAPDH_F, 5¢-ATG ACC ACA GTC CAT GCC ATC

ACT-3¢ and
m_GAPDH_R, 5¢-TGT TGA AGT CGC AGG AGA CAA

CCT-3¢;

Immunohistochemistry and ICC

Immunohistochemistry was performed on cryosections
from mouse tumor samples using specific antibody as
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described previously (20, 21). In brief, tissue specimens were
snap-frozen in optimum cutting temperature compound
(Miles). Frozen tissues were sectioned at 10–12 lm thick-
ness, fixed for 5 min in acetone at 4�C, and staining was
carried out using H&E (15) and also using DAB peroxidase
(HRP) substrate kit (4), 3,3¢-diaminobenzidine (Vector La-
boratories). The anti-rabbit Lyve-1 monoclonal antibody
(Epitomics) was used at 1:100 dilution. Negative control
sections were stained using the biotinylated goat anti-rabbit
secondary antibody to test primary antibody specificity.
Tissue sections were counterstained with hematoxylin. Ima-
ges were obtained under 20 · magnification and intensity
(Lyve-1, brown) quantitation was performed using the auto
measure tool in Axiovision 4.6 software, (Axiovert 200M;
Zeiss). For immunofluorescence detection, sections are in-
cubated with a primary antibody overnight in a moist chamber
with following dilutions indicated in parentheses: anti-caspase
9 (1:100), anti-caspase 3 (1:200), and BAX antibody (1:200).
Next day, sections were washed and incubated with the Alexa-
fluor 488 goat anti-rabbit antibody (1:200 dilution; Invitrogen)
and Alexa- fluor 568 goat anti-rabbit antibody (1:200 dilution;
Invitrogen) for 1 h at room temperature. After incubation, the
cells were mounted in Gelmount containing DAPI (aqueous
mount; Vector Laboratories). Images were obtained under
10 · magnification and color intensity quantitation was per-
formed using the auto measure tool in AxioVision 4.6 software
(Axiovert 200M; Zeiss). For ICC, cells (0.1 · 106 cells/well)
were seeded on a coverslip placed in 12-well plates for 48 h.
Cells were washed with PBS · 3, then fixed, permeabilized,
and blocked for nonspecific signal. Next, cells were stained
with the same antibody dilution as mentioned earlier. The cells
were then washed and incubated with the same secondary
antibody used for tissue section for 1 h at room temperature.
After incubation, the cells were mounted in Gelmount con-
taining DAPI (aqueous mount; Vector Laboratories). The im-
ages were captured by confocal microscopy and fluorescent
intensity, and a colocalization study was quantified using
FV10-ASW 3.0 software (Olympus).

Apoptosis/necrosis staining assay

Cellular apoptosis/necrosis was detected from NBE/vehi-
cle treatment using an Apoptosis/Necrosis Detection Kit
(Abcam; ab176749). In brief, cells cultured for 10 days in
NBE/vehicle were seeded (0.1 · 106 cells/well) on a coverslip
placed in 12-well plates for 48 h. Cells were then stained with
Apopxin Green Solution to detect phosphatidylserine as an
indicator of apoptosis, 7-AAD a membrane impermeable dye
to detect necrosis, and CytoCalcein Violet 450 to detect cell
viability and incubated for 1 h at room temperature as per the
kit protocol (7). After washing, images were obtained under
10 · magnification and color intensity quantitation was per-
formed using the auto measure tool in Axiovision 4.6 soft-
ware, (Axiovert 200M; Zeiss).

Statistical methods

All experiments were conducted at least three times in
duplicate unless otherwise specified in the figure legend.
Two-sided two-sample t-test was used to compare the dif-
ference between two groups. The survival functions for mice
that received treatments were generated by the Kaplan–Meier
method, and compared between two groups using the log-

rank test. All bar graphs represent the mean with error bars
indicating one standard deviation. A p-value of <0.05 was
considered statistically significant.

Acknowledgments

This project was supported by Award Number Grant
UL1TR001070 (to G.M.G.) from the National Center for Ad-
vancing Translational Sciences, R01 GM095657 (to G.M.G.)
and partly supported by GM108014 (to C.K.S.) from the Na-
tional Institutes of General Medical Sciences. PediaBerry was
supplied as a gift from Dr. Cameron Rink on behalf of Nu-
trimiR, Inc.

Author Disclosure Statement

Chandan K. Sen is a shareholder in NutrimiR LLC, which
supplied the NBE product. For all other authors, no com-
peting financial interests exist.

References

1. Abaan OD, Mutlu PK, Baran Y, Atalay C, and Gunduz U.
Multidrug resistance mediated by MRP1 gene over-
expression in breast cancer patients. Cancer Invest 27: 201–
205, 2009.

2. Atalay M, Gordillo G, Roy S, Rovin B, Bagchi D, Bagchi
M, and Sen CK. Anti-angiogenic property of edible berry in
a model of hemangioma. FEBS Lett 544: 252–257, 2003.

3. Benlloch M, Ortega A, Ferrer P, Segarra R, Obrador E, Asensi
M, Carretero J, and Estrela JM. Acceleration of glutathione
efflux and inhibition of gamma-glutamyltranspeptidase sen-
sitize metastatic B16 melanoma cells to endothelium-induced
cytotoxicity. J Biol Chem 280: 6950–6959, 2005.

4. Biswas A, Khanna S, Roy S, Pan X, Sen CK, and Gordillo
GM. Endothelial cell tumor growth is Ape/ref-1 dependent.
Am J Physiol Cell Physiol 309: C296–C307, 2015.

5. Bobrowska-Hagerstrand M, Lillas M, Mrowczynska L,
Wrobel A, Shirataki Y, Motohashi N, and Hagerstrand H.
Resveratrol oligomers are potent MRP1 transport inhibi-
tors. Anticancer Res 26: 2081–2084, 2006.

6. Busu C, Li W, Caldito G, and Aw TY. Inhibition of glu-
tathione synthesis in brain endothelial cells lengthens S-
phase transit time in the cell cycle: implications for pro-
liferation in recovery from oxidative stress and endothelial
cell damage. Redox Biol 1: 131–139, 2013.

7. Chao TC, Chan LC, Ju SY, Tang MC, Liu CY, Chen PM,
Tzeng CH, and Su Y. In vivo growth suppression of CT-26
mouse colorectal cancer cells by adenovirus-expressed
small hairpin RNA specifically targeting thymosin beta-4
mRNA. Cancer Gene Ther 21: 389–396, 2014.

8. Cohen SB, Ma W, Valova VA, Algie M, Harfoot R,
Woolley AG, Robinson PJ, and Braithwaite AW. Geno-
toxic stress-induced nuclear localization of oncoprotein
YB-1 in the absence of proteolytic processing. Oncogene
29: 403–410, 2010.

9. Dadras SS, Skrzypek A, Nguyen L, Shin JW, Schulz MM,
Arbiser J, Mihm MC, and Detmar M. Prox-1 promotes
invasion of kaposiform hemangioendotheliomas. J Invest
Dermatol 128: 2798–2806, 2008.

10. Debelenko LV, Perez-Atayde AR, Mulliken JB, Liang MG,
Archibald TH, and Kozakewich HP. D2-40 immunohisto-
chemical analysis of pediatric vascular tumors reveals
positivity in kaposiform hemangioendothelioma. Mod Pa-
thol 18: 1454–1460, 2005.

NATURAL BERRY EXTRACT INHIBITS MRP-1 1017



11. Doubre H, Cesari D, Mairovitz A, Benac C, Chantot-
Bastaraud S, Dagnon K, Antoine M, Danel C, Bernaudin
JF, and Fleury-Feith J. Multidrug resistance-associated
protein (MRP1) is overexpressed in DNA aneuploid car-
cinomatous cells in non-small cell lung cancer (NSCLC).
Int J Cancer 113: 568–574, 2005.

12. Dumontet C and Jordan MA. Microtubule-binding agents: a
dynamic field of cancer therapeutics. Nat Rev Drug Discov
9: 790–803, 2010.

13. Filomeni G, Rotilio G, and Ciriolo MR. Glutathione dis-
ulfide induces apoptosis in U937 cells by a redox-mediated
p38 MAP kinase pathway. FASEB J 17: 64–66, 2003.

14. Flens MJ, Zaman GJ, van der Valk P, Izquierdo MA,
Schroeijers AB, Scheffer GL, van der Groep P, de Haas M,
Meijer CJ, and Scheper RJ. Tissue distribution of the
multidrug resistance protein. Am J Pathol 148: 1237–1247,
1996.

15. Ghatak S, Chan YC, Khanna S, Banerjee J, Weist J, Roy S,
and Sen CK. Barrier function of the repaired skin is dis-
rupted following arrest of dicer in keratinocytes. Mol Ther
23: 1201–1210, 2015.

16. Gordillo G, Fang H, Khanna S, Harper J, Phillips G, and
Sen CK. Oral administration of blueberry inhibits angio-
genic tumor growth and enhances survival of mice with
endothelial cell neoplasm. Antioxid Redox Signal 11: 47–
58, 2009.

17. Gordillo G, Fang H, Park H, and Roy S. Nox-4-dependent
nuclear H2O2 drives DNA oxidation resulting in 8-OHdG
as urinary biomarker and hemangioendothelioma forma-
tion. Antioxid Redox Signal 12: 933–943, 2010.

18. Gordillo GM, Atalay M, Roy S, and Sen CK. Hemangioma
model for in vivo angiogenesis: inducible oxidative stress
and MCP-1 expression in EOMA cells. Methods Enzymol
352: 422–432, 2002.

19. Gordillo GM, Biswas A, Khanna S, Pan X, Sinha M, Roy S,
and Sen CK. Dicer knockdown inhibits endothelial cell
tumor growth via microRNA 21a-3p targeting of Nox-4. J
Biol Chem 289: 9027–9038, 2014.

20. Gordillo GM, Biswas A, Khanna S, Spieldenner JM, Pan X,
and Sen CK. Multidrug resistance-associated protein-1
(MRP-1)-dependent glutathione disulfide (GSSG) efflux as
a critical survival factor for oxidant-enriched tumorigenic
endothelial cells. J Biol Chem 291: 10089–10103, 2016.

21. Gordillo GM, Onat D, Stockinger M, Roy S, Atalay M,
Beck FM, and Sen CK. A key angiogenic role of monocyte
chemoattractant protein-1 in hemangioendothelioma pro-
liferation. Am J Physiol Cell Physiol 287: C866–C873,
2004.

22. Haggstrom AN, Drolet BA, Baselga E, Chamlin SL, Gar-
zon MC, Horii KA, Lucky AW, Mancini AJ, Metry DW,
Newell B, Nopper AJ, and Frieden IJ. Prospective study of
infantile hemangiomas: clinical characteristics predicting
complications and treatment. Pediatrics 118: 882–887,
2006.

23. Henderson MJ, Haber M, Porro A, Munoz MA, Iraci N,
Xue C, Murray J, Flemming CL, Smith J, Fletcher JI,
Gherardi S, Kwek CK, Russell AJ, Valli E, London WB,
Buxton AB, Ashton LJ, Sartorelli AC, Cohn SL, Schwab
M, Marshall GM, Perini G, and Norris MD. ABCC multi-
drug transporters in childhood neuroblastoma: clinical and
biological effects independent of cytotoxic drug efflux. J
Natl Cancer Inst 103: 1236–1251, 2011.

24. Hoak JC, Warner ED, Cheng HF, Fry GL, and Hankenson RR.
Hemangioma with thrombocytopenia and microangiopathic

anemia (Kasabach-Merritt syndrome): an animal model. J Lab
Clin Med 77: 941–950, 1971.

25. Hoeger PH. Propranolol for infantile haemangiomas: cer-
tain chances, potential risks. Br J Dermatol 172: 3–4, 2015.

26. Hooijberg JH, Pinedo HM, Vrasdonk C, Priebe W, Lan-
kelma J, and Broxterman HJ. The effect of glutathione on
the ATPase activity of MRP1 in its natural membranes.
FEBS Lett 469: 47–51, 2000.

27. Hornsveld M and Dansen TB. The hallmarks of cancer
from a redox perspective. Antioxid Redox Signal 25: 300–
325, 2016.

28. Jacobs AH and Walton RG. The incidence of birthmarks in
the neonate. Pediatrics 58: 218–222, 1976.

29. Khanna S, Roy S, Slivka A, Craft TK, Chaki S, Rink C,
Notestine MA, DeVries AC, Parinandi NL, and Sen CK.
Neuroprotective properties of the natural vitamin E alpha-
tocotrienol. Stroke 36: 2258–2264, 2005.

30. Kruczynski A, Poli M, Dossi R, Chazottes E, Berrichon G,
Ricome C, Giavazzi R, Hill BT, and Taraboletti G. Anti-
angiogenic, vascular-disrupting and anti-metastatic activi-
ties of vinflunine, the latest vinca alkaloid in clinical de-
velopment. Eur J Cancer 42: 2821–2832, 2006.

31. Langley A and Pope E. Propranolol and central nervous
system function: potential implications for paediatric pa-
tients with infantile haemangiomas. Br J Dermatol 172:
13–23, 2015.

32. Le Huu AR, Jokinen CH, Rubin BP, Mihm MC, Weiss SW,
North PE, and Dadras SS. Expression of prox1, lymphatic
endothelial nuclear transcription factor, in Kaposiform he-
mangioendothelioma and tufted angioma. Am J Surg Pathol
34: 1563–1573, 2010.

33. Leaute-Labreze C, Dumas de la Roque E, Hubiche T,
Boralevi F, Thambo JB, and Taieb A. Propranolol for se-
vere hemangiomas of infancy. N Engl J Med 358: 2649–
2651, 2008.

34. Leaute-Labreze C, Hoeger P, Mazereeuw-Hautier J, Gui-
baud L, Baselga E, Posiunas G, Phillips RJ, Caceres H,
Lopez Gutierrez JC, Ballona R, Friedlander SF, Powell J,
Perek D, Metz B, Barbarot S, Maruani A, Szalai ZZ, Krol
A, Boccara O, Foelster-Holst R, Febrer Bosch MI, Su J,
Buckova H, Torrelo A, Cambazard F, Grantzow R, Wargon
O, Wyrzykowski D, Roessler J, Bernabeu-Wittel J, Va-
lencia AM, Przewratil P, Glick S, Pope E, Birchall N,
Benjamin L, Mancini AJ, Vabres P, Souteyrand P, Frieden
IJ, Berul CI, Mehta CR, Prey S, Boralevi F, Morgan CC,
Heritier S, Delarue A, and Voisard JJ. A randomized,
controlled trial of oral propranolol in infantile hemangi-
oma. N Engl J Med 372: 735–746, 2015.

35. Li Y, Revalde JL, Reid G, and Paxton JW. Interactions of
dietary phytochemicals with ABC transporters: possible
implications for drug disposition and multidrug resistance
in cancer. Drug Metab Rev 42: 590–611, 2010.

36. Mahalingaiah PK, Ponnusamy L, and Singh KP. Chronic
oxidative stress leads to malignant transformation along
with acquisition of stem cell characteristics, and epithelial
to mesenchymal transition in human renal epithelial cells. J
Cell Physiol 230: 1916–1928, 2015.

37. Maher JM, Slitt AL, Cherrington NJ, Cheng X, and
Klaassen CD. Tissue distribution and hepatic and renal
ontogeny of the multidrug resistance-associated protein
(Mrp) family in mice. Drug Metab Dispos 33: 947–955,
2005.

38. Martin-Broto J, Gutierrez AM, Ramos RF, Lopez-Guerrero
JA, Ferrari S, Stacchiotti S, Picci P, Calabuig S, Collini P,

1018 BISWAS ET AL.



Gambarotti M, Bague S, Dei Tos AP, Palassini E, Luna P,
Cruz J, Cubedo R, Martinez-Trufero J, Poveda A, Casali
PG, Fernandez-Serra A, Lopez-Pousa A, and Gronchi A.
MRP1 overexpression determines poor prognosis in pro-
spectively treated patients with localized high-risk soft
tissue sarcoma of limbs and trunk wall: an ISG/GEIS study.
Mol Cancer Ther 13: 249–259, 2014.

39. Maturo S and Hartnick C. Initial experience using pro-
pranolol as the sole treatment for infantile airway heman-
giomas. Int J Pediatr Otorhinolaryngol 74: 323–325, 2010.

40. Meulendyke KA, Ubaida-Mohien C, Drewes JL, Liao Z,
Gama L, Witwer KW, Graham DR, and Zink MC. Elevated
brain monoamine oxidase activity in SIV- and HIV-
associated neurological disease. J Infect Dis 210: 904–912,
2014.

41. Mitsuo M, Noguchi T, Nakajima Y, Aoki S, Ren XQ,
Sumizawa T, Haraguchi M, Kobayashi M, Baba M, Nagata
Y, Akiyama S, and Furukawa T. Binding site(s) on P-
glycoprotein for a newly synthesized photoaffinity analog
of agosterol A. Oncol Res 14: 39–48, 2003.

42. Munoz M, Henderson M, Haber M, and Norris M. Role of
the MRP1/ABCC1 multidrug transporter protein in cancer.
IUBMB Life 59: 752–757, 2007.

43. Nabekura T. Overcoming multidrug resistance in human
cancer cells by natural compounds. Toxins (Basel) 2: 1207–
1224, 2010.

44. Nabekura T, Yamaki T, Ueno K, and Kitagawa S. Inhibi-
tion of P-glycoprotein and multidrug resistance protein 1 by
dietary phytochemicals. Cancer Chemother Pharmacol 62:
867–873, 2008.

45. Nawaz Z, Patil V, Arora A, Hegde AS, Arivazhagan A,
Santosh V, and Somasundaram K. Cbx7 is epigenetically
silenced in glioblastoma and inhibits cell migration by
targeting YAP/TAZ-dependent transcription. Sci Rep 6:
27753, 2016.

46. Nguyen J and Fay A. Pharmacologic therapy for periocular
infantile hemangiomas: a review of the literature. Semin
Ophthalmol 24: 178–184, 2009.

47. Norris MD, Bordow SB, Marshall GM, Haber PS, Cohn
SL, and Haber M. Expression of the gene for multidrug-
resistance-associated protein and outcome in patients with
neuroblastoma. N Engl J Med 334: 231–238, 1996.

48. Paller AS. Responses to anti-angiogenic therapies. J In-
vestig Dermatol Symp Proc 5: 83–86, 2000.

49. Park HA, Khanna S, Rink C, Gnyawali S, Roy S, and Sen
CK. Glutathione disulfide induces neural cell death via a
12-lipoxygenase pathway. Cell Death Differ 16: 1167–
1179, 2009.

50. Park HA, Kubicki N, Gnyawali S, Chan YC, Roy S,
Khanna S, and Sen CK. Natural vitamin E alpha-tocotrienol
protects against ischemic stroke by induction of multidrug
resistance-associated protein 1. Stroke 42: 2308–2314,
2011.

51. Riccardi C and Nicoletti I. Analysis of apoptosis by pro-
pidium iodide staining and flow cytometry. Nat Protoc 1:
1458–1461, 2006.

52. Scheffer GL, Kool M, Heijn M, de Haas M, Pijnenborg AC,
Wijnholds J, van Helvoort A, de Jong MC, Hooijberg JH,
Mol CA, van der Linden M, de Vree JM, van der Valk P,
Elferink RP, Borst P, and Scheper RJ. Specific detection of
multidrug resistance proteins MRP1, MRP2, MRP3, MRP5,

and MDR3 P-glycoprotein with a panel of monoclonal
antibodies. Cancer Res 60: 5269–5277, 2000.

53. Shah OJ, Lin X, Li L, Huang X, Li J, Anderson MG, Tang
H, Rodriguez LE, Warder SE, McLoughlin S, Chen J,
Palma J, Glaser KB, Donawho CK, Fesik SW, and Shen Y.
Bcl-XL represents a druggable molecular vulnerability
during aurora B inhibitor-mediated polyploidization. Proc
Natl Acad Sci U S A 107: 12634–12639, 2010.

54. Stacchiotti A, Favero G, Giugno L, Lavazza A, Reiter RJ,
Rodella LF, and Rezzani R. Mitochondrial and metabolic
dysfunction in renal convoluted tubules of obese mice:
protective role of melatonin. PLoS One 9: e111141, 2014.

55. Yin Y, Wang Y, Gao D, Ye J, Wang X, Fang L, Wu D, Pi
G, Lu C, Zhou XW, Yang Y, and Wang JZ. Accumulation
of human full-length tau induces degradation of nicotinic
acetylcholine receptor alpha4 via activating calpain-2. Sci
Rep 6: 27283, 2016.

56. Zalcberg J, Hu XF, Slater A, Parisot J, El-Osta S, Kan-
tharidis P, Chou ST, and Parkin JD. MRP1 not MDR1 gene
expression is the predominant mechanism of acquired
multidrug resistance in two prostate carcinoma cell lines.
Prostate Cancer Prostatic Dis 3: 66–75, 2000.

Address correspondence to:
Dr. Gayle M. Gordillo

Department of Plastic Surgery
David Heart and Lung Research Institute

915 Olentangy River Road Suite 2100
Columbus, OH 43212

E-mail: gayle.gordillo@osumc.edu

Date of first submission to ARS Central, August 28, 2016;
date of final revised submission, September 29, 2016; date of
acceptance, September 30, 2016.

Abbreviations Used

AP-1¼ activator protein 1
BCA¼ bicinchoninic acid

BCNU¼ 1,3-bis (2-chloroethyl)-N-nitrosourea
DMEM¼Dulbecco’s modified Eagle’s medium

FCS¼ fetal calf serum
GSH¼ reduced glutathione

GSSG¼ oxidized glutathione
H&E¼ hematoxylin and eosin
ICC¼ immunocytochemistry

LDH¼ lactate dehydrogenase
Lyve-1¼ lymphatic vessel endothelial receptor 1

MAE¼murine aortic endothelial
MRP-1¼multidrug resistance protein-1

NADPH¼ reduced nicotinamide adenine
dinucleotide phosphate

NBE¼ natural berry extract
NF-jB¼ nuclear factor kappa-light-chain-

enhancer of activated B cells
PBS¼ phosphate-buffered saline

PI¼ propidium iodide
YB-1¼Y box-1
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