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102 Abstract Most malignant tumors exhibit the Warburg effect, which consists in

increased gly coly sis rates with production of lactate, even in the presence
of oxygen. Monocarboxy late transporters (MCTs), maintain these

gly coly tic rates, by mediating the influx and/or efflux of lactate and are
overexpressed in several cancer cells. The lactate and pyruv ate analogue
3-bromopy ruv ate (3-BP) is an inhibitor of the energy metabolism, which
has been proposed as a specific antitumor agent. In the present study, we
aimed at determining the effect of 3-BP in breast cancer cells and

ev aluated the putative role of MCTs on this effect. Our results showed that
the three breast cancer cell lines used presented different sensitivities to
3-BP: ZR-75-1 ER (+)>MCF-7 ER (+)>SK-BR-3 ER (-). We also
demonstrated that 3-BP reduced lactate production, induced cell
morphological alterations and increased apoptosis. The effect of 3-BP
appears to be cytotoxic rather than cytostatic, as a continue decrease in
cell viability was observed after remov al of 3-BP. We showed that
pre-incubation with buty rate enhanced significantly 3-BP cy totoxicity,
especially in the most resistant breast cancer cell line, SK-BR-3. We
observed that buty rate treatment induced localization of MCT1 in the
plasma membrane as well as ov erexpression of MCT4 and its chaperone
CD147. Our results thus indicate that buty rate pre-treatment potentiates
the effect of 3-BP, most probably by increasing the rates of 3-BP
transport through MCT1/4. This study support the potential use of butyrate
as adjuvant of 3-BP in the treatment of breast cancer resistant cells,

namely ER (-).
103 Keywords 3-bromopy ruv ate - Buty rate - Monocarboxy late transporters - Warburg
separated by ' - effect

104 Foot note
information
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Abstract Most malignant tumors exhibit the Warburg effect,
which consists in increased glycolysis rates with production of
lactate, even in the presence of oxygen. Monocarboxylate
transporters (MCTs), maintain these glycolytic rates, by me-
diating the influx and/or efflux of lactate and are overex-
pressed in several cancer cells. The lactate and pyruvate
analogue 3-bromopyruvate (3-BP) is an inhibitor of the
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energy metabolism, which has been proposed as a specific
antitumor agent. In the present study, we aimed at determining
the effect of 3-BP in breast cancer cells and evaluated the
putative role of MCTs on this effect. Our results showed that
the three breast cancer cell lines used presented different
sensitivities to 3-BP: ZR-75-1 ER (+)>MCF-7 ER (+)>SK-
BR-3 ER (-). We also demonstrated that 3-BP reduced lactate
production, induced cell morphological alterations and in-
creased apoptosis. The effect of 3-BP appears to be cytotoxic
rather than cytostatic, as a continue decrease in cell viability
was observed after removal of 3-BP. We showed that pre-
incubation with butyrate enhanced significantly 3-BP cyto-
toxicity, especially in the most resistant breast cancer cell line,
SK-BR-3. We observed that butyrate treatment induced local-
ization of MCT]1 in the plasma membrane as well as over-
expression of MCT4 and its chaperone CD147. Our results
thus indicate that butyrate pre-treatment potentiates the effect
of 3-BP, most probably by increasing the rates of 3-BP trans-
port through MCT1/4. This study support the potential use of
butyrate as adjuvant of 3-BP in the treatment of breast cancer
resistant cells, namely ER (-).

Keywords 3-bromopyruvate - Butyrate - Monocarboxylate
transporters - Warburg effect

Abbreviations
3-BP 3-bromopyruvate

ATCC American Type Culture Collection

DAB 3,3'-diamino-benzidine

DAPI 4',6-Diamidino-2-Phenylindole,
Dihydrochloride

ER Estrogen Receptor

EMMPRIN
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Extracellular Matrix Metalloproteinase
Inducer

FBS Fetal bovine serum

HKII Hexokinase 11

MCT Monocarboxylate transporters

MTT 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl

tetrazolium bromide
OD Optical density

OXPHOS Oxidative phosphorylation
PBS Phosphate-buffered saline
SRB Sulphorhodamine B

RT Rom temperature

TBST Tris-buffered saline Tween-20

TCA Trichloroacetic Acid

TUNEL Terminal deoxynucleotidyl transferase (TdT)-
mediated dUTP nick end labeling assay

VDAC Voltage Dependent Anion Channel

Introduction

One of the hallmarks of cancer is the “Warburg effect” or
“aerobic glycolysis”, consisting in a metabolic switch in
energy production, relying mostly on glycolysis with lactate
production, even in the presence of O,, rather than on
oxidative phosphorylation (OXPHOS), characteristic of nor-
mal tissues (Warburg 1956). Cancer cells take advantage of
this metabolic switch, namely the increased access to bio-
synthetic precursors for anabolic reactions, provision of
antioxidant defenses and higher ability to escape the im-
mune system, to invade neighbor cells and survive in con-
ditions of intermittent hypoxia (Pedersen 2007; Kroemer
and Pouyssegur 2008). The efflux of lactate and protons,
resulting from the glycolytic phenotype of cancer cells,
prevents the acid-induced apoptosis and creates an extracel-
lular acidic environment that suppresses the effect of the
immune system and favors tumor invasion through the
activation of metalloproteinases (Pedersen 2007; Kroemer
and Pouyssegur 2008; Izumi et al. 2003; Fischer et al. 2007,
Swietach et al. 2007). It is then not surprising that lactate
production from cancer cells correlates positively with tu-
mor aggressiveness and malignancy (Schwickert et al. 1995;
Walenta et al. 1997; Walenta et al. 2000; Brizel et al. 2001).
Exploiting the differential metabolism of cancer cells can
thus be a valuable approach for the development of selective
anticancer drugs, with low toxicity to normal cells.
3-Bromopyruvate (3-BP) is a potent antitumoral alkylat-
ing agent, which exerts its effect by inhibiting cancer cell
energy metabolism and depleting cellular ATP (Ko et al.
2001). One major target of 3-BP is the glycolytic enzyme
hexokinase II (HKII) (Ko et al. 2001; Chen et al. 2009). This
hexokinase isoform is insensitive to feedback inhibition by

@ Springer

glucose-6-phosphate and associates with mitochondria,
especially in cancer cells, via Voltage Dependent Anion
Channel protein (VDAC) that has privilege access to mito-
chondrial ATP (Mathupala et al. 2006; Bustamante and
Pedersen 1977; Bustamante et al. 1981; Nakashima et al.
1986). Overexpression of HKII is associated with poor prog-
nosis, as glycolysis is the primary energy source used by
cancer cells to sustain their uncontrolled cell growth. 3-BP
affects not only the energy production coming from glycol-
ysis but also from mitochondrial respiration, inducing ATP
depletion and cell death in rapidly growing tumors (Ko et al.
2001). 3-BP treatment completely eradicated advanced can-
cers in a rodent model without apparent toxicity to the
animals, being normal cells spared from the 3-BP effect
(Ko et al. 2004). Although several 3-BP targets have been
identified, in addition to HKII, its mechanism of action is not
elucidated, particularly the mechanism of uptake into the
tumor cell.

3-BP is a synthetic derivative of pyruvate and an analogue
of lactate, being likely transported by the same permeases. A
family of proton-coupled monocarboxylate transporters
(MCTs) was described as being involved in the transport of
monocarboxylic acids (Halestrap and Price 1999; Halestrap
and Meredith 2004; Halestrap and Wilson 2011; Halestrap
2011). The MCT family comprises 14 members but only four
of them (MCT1-4) were functionally characterized as mediat-
ing the proton-coupled transport of monocarboxylic acids
across the plasma membrane (namely lactate, pyruvate, buty-
rate and acetate) (Halestrap and Meredith 2004; Halestrap and
Wilson 2011; Halestrap 2011; Kennedy and Dewhirst 2010).
Both MCT1 and MCT4 were found in cancer cells, closely
associated with CD147, also known as Extracellular Matrix
Metalloproteinase Inducer (EMMPRIN) or basigin, a chaper-
one needed for the correct targeting of MCT1 and MCT4 to
the cell surface and for their activity (Izumi et al. 2003;
Halestrap 2011; Nabeshima et al. 2006; Riethdorf et al.
2006; Hussien and Brooks 2011; Kirk et al. 2000; Wilson et
al. 2005). Although these transporters are present in the plas-
ma membrane of normal cells, there is evidence for their
upregulation in cancer cells, given the increased lactic acid
production and consequent efflux by the cell (Froberg et al.
2001; Fang et al. 2006; Pinheiro et al. 2008a; Pinheiro et al.
2008b; Pinheiro et al. 2010a; Pinheiro et al. 2010b). Tumor
cells take up or export lactate according to the oxygen avail-
ability, lactate concentration and expression of the MCT sub-
type at the plasma membrane (Brooks 2000; Semenza 2008).
Lactate efflux is thought to be mediated mostly by MCT4
isoform, whereas oxidative cancer cells can take up lactate
through MCT1 (Semenza 2008; Sonveaux et al. 2008; Draoui
and Feron 2011). MCTs can be upregulated by different
stimuli, including hormones (testosterone), exercise and also
by exposure to carboxylic acids like lactic and butyric acids
(Kennedy and Dewhirst 2010).
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We hypothesized that 3-BP can be an additional substrate
for MCTs and that the major players responsible for 3-BP
specificity and efficacy are not only HKII but also the
availability of MCTs at the plasma membrane. In this con-
text, MCTs can act as “Trojan horses”, as their elevated
expression can be used by this chemotherapeutic agent to
enter into the cells and selectively kill cancer cells. In this
work, we assayed the effect of 3-BP in different breast
cancer cell lines, addressed the role of monocarboxylic acids
in the regulation of MCTs expression and correlated it with
the sensitivity of cells to 3-BP.

Material and methods
Chemicals

3-BP, butyric acid and lactic acid were purchased from
Sigma. Acetic acid and pyruvic acid were purchased from
Merck. 3-BP and carboxylic acid solutions were freshly
prepared in phosphate-buffered saline (PBS), pH 7.4. The
addition of 3-BP and carboxylic acid solutions to the culture
medium never exceeded 10% of the final volume.

Cell cultures

Three breast cancer cell lines were used: MCF-7 and ZR-
75-1, both Estrogen Receptor positive (ER (+)) and SK-
BR-3 Estrogen Receptor negative (ER(—)), obtained from
ATCC (American Type Culture Collection). All cell lines
were grown as monolayers at 37°C in a humidified incu-
bator with 5% CO,, in RPMI-1640 medium (Invitrogen)
supplemented with 10% Fetal Bovine Serum (FBS,
Invitrogen), 1% penicillin/streptomycin (Invitrogen), being
MCF-7 supplemented with 25 pg/ml insulin (Sigma).
Cells were kept in exponential growth phase and subcul-
tured once or twice a week. For the assays, subconfluent
cells, in exponential growth phase, were detached with
trypsin/EDTA (Invitrogen) and ressuspended in fresh
medium at the appropriated density.

Cell survival assays
MTT assay

To determine the ICsq of 3-BP, cells were seeded in 96-well
plate, assuring that they were in the exponential growth
phase during the assay. Cells were incubated during 24 h
to adhere and exposed to different concentrations of 3-BP
during 16 h. As control, 3-BP solution was replaced by PBS
Ix (vehicle). After treatment, 10 pul of 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT, Sigma)
was added (5 mg/ml in PBS) and the cells were incubated

for further 4 h. The formazan product was solubilized with a
HCV/Triton X100/ isopropanol solution and the absorbance
measured at 570 nm.

The percentage of viable cells was determined comparing
the absorbance of the treated cells to the untreated control
cells (corresponding to 100% of viable cells). Three inde-
pendent experiments (at least) were performed in triplicate
and ICsy values were estimated using the GraphPad
Prism 4 software, applying a sigmoidal dose-response
(variable slope) non-linear regression, after logarithmic
transformation.

SRB assay

After the treatment above described, adherent cells were
fixed with 10% trichloroacetic acid (TCA), for 1 h at 4°C,
rinsed with water, air-dried and stained with 0.4% sulpho-
rhodamine B (SRB, Sigma) for 30 min at 37°C. After
staining, the plates were rinsed with 1% acetic acid and
air-dried. The bound dye was solubilized with 10 mM Tris
(100 pl per well) and the absorbance measured at 540 nm.
At least three independent assays were done in triplicate and
the results treated as previously described for the MTT
assay.

Reversibility of 3-BP effect

Cells were seeded into 96-well plates and incubated for
24 h. After incubation, cells were exposed to different con-
centrations of 3-BP. After 16 h, the medium was removed,
the cells were washed with PBS 1x and fresh culture medi-
um without drug was added. After further 48 h of incuba-
tion, the MTT assay was performed. At least three
independent experiments (in triplicate) were performed for
each assay. Graphs were plotted using the GraphPad Prism 4
software.

Effect of 3-BP on cell morphology

Exponential cells growing in 6-well plates were treated
during 16 h with 3-BP in a concentration corresponding to
the respective ICso or 2% ICs. In the control cells, 3-BP was
replaced by PBS 1x in the culture medium. After the incu-
bation period, the cells were observed in an inverted phase
contrast microscope with a final magnification of 400x.

Apoptosis assay

The terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP nick end labeling assay (TUNEL) was employed to
detect fragmented genomic DNA, typical of apoptotic cells,
using the DeadEnd™ Fluorimetric TUNEL system
(Promega). Cells were plated and treated with 3-BP in the

@ Springer

218
219
220
221
222
223
224
225
226
227
228

229

230
231
232
233
234
235
236
237
238
239

240

241
242
243
244
245
246
247
248
249

250

251
252
253
254
255
256

257

258
259
260
261
262



AUTHER'ZPREO G

263
264
265
266
267
268
269
270
271

272

273
274
275
276
277
278
279
280
281

282
283

284
285
286
287
288
289
290
291
292

t1.6

J Bioenerg Biomembr

same conditions as reported for the morphological observa-
tions. After incubation with medium containing 3-BP (or
PBS 1x, in the untreated cells), both adherent and cells
in suspension were collected, washed with the PBS 1x
and fixed with 4% paraformaldehyde. Slides with cyto-
spins of the cell suspension were processed according to
manufacturer instructions. The slides were observed in a
fluorescence microscope and a minimal of 400 cells was
counted.

Lactic acid quantification in the culture medium

Cells in exponential growth phase of were seeded and
incubated for 24 h. Cells were then treated during 16 h with
3-BP in a concentration corresponding to the respective
ICso. The culture medium was removed and reserved for
extracellular lactic acid quantification. The same was done
for untreated cells. Lactic acid was measured using a com-
mercial kit (Spinreact) and the values normalized for the
total biomass at the time of the assay, evaluated by the SRB
assay.

Effect of pre-incubation with carboxylic acids on 3-BP
sensitivity

Cells in exponential growth phase were seeded in 96-well
plates, incubated during 24 h to adhere and exposed to
different concentrations of carboxylic acids (lactate, acetate,
pyruvate or butyrate), adjusted to pH 7.4. After 24 h of
incubation, the medium was removed and replaced by me-
dium containing 3-BP in a concentration corresponding to
the respective ICso for each cell line or with 3-BP free
medium (control). Cells were incubated further 16 h and
viability was evaluated by the MTT assay.

Protein expression assessment

MCT1, MCT2, MCT4 and CD147 expression was assessed
by imunocytochemistry of cytoblocks and Western-blot of
total protein extracts.

Preparation of paraffin cytoblocks

For preparation of the paraffin cytoblocks, cells were grown
in T75 flasks until reaching approximately 80% confluence.
After treatments (described in the results), cultures were
trypsinized and cell suspensions centrifuged. The superna-
tants were removed and cells fixed with 3.7% formaldehyde
overnight. Cells were re-centrifuged and the pellets
processed in an automatic tissue processor (TP1020,
Leica), before inclusion into paraffin (block-forming unit,
EG1140H, Leica).

Immunocytochemistry

For the evaluation of MCT1, MCT2, MCT4 and CD147
protein expression by immunocytochemistry, 4 pm cytoblock
sections were deparaffinised and rehydrated. Slides were then
submitted to the adequate heat-induced antigen retrieval treat-
ment (Table 1), washed with PBS 1x and incubated with 3%
H,0, in methanol to inactivate endogenous peroxidase activ-
ity. Non-specific binding sites were blocked (Blocking solu-
tion, Labvision or Vector Kit) and the cell sections were
incubated with the appropriate primary antibodies. The times
and conditions of incubation for each antibody are described
in Table 1. Slides were washed with PBS 1x, incubated with
the secondary biotinylated antibody (Labvision or Vector Kit)
and then with Streptavidin/ Avidin Peroxidase solution
(Labvision or Vector kit, respectively), following manufacturers’

Table 1 Immunocytochemical procedure to assess the expression of the different proteins

Protein Positive control Antigen retrieval Detection system Primary antibody (company
and reference; dilution and
incubation conditions)

MCTI1 Colon carcinoma Citrate buffer (10 mM, R.T.U. VECTASTAIN Chemicon (AB3538P)

pH=6) 98°C; 20 min Elite ABC Kit (VECTOR 1:200, overnight, RT
laboratories)

MCT2 Kidney Citrate buffer (10 mM,pH=6) Ultravision Detection System Santa Cruz (sc-50322)

98°C; 20 min Anti-polyvalent, HRP (Lab 1:200, 2 h, RT
Vision Corporation)
MCT4 Colon carcinoma Citrate buffer (10 mM, R.T.U. VECTASTAIN Santa Cruz (sc-50329)
pH=6) 98°C; 20 min Elite ABC Kit (VECTOR 1:500, 2 h, RT
laboratories)
CD147 Colon carcinoma EDTA (1 mM,pH=8) Ultravision Detection Zymed (187344) 1:500,

98°C; 20 min

System Anti-polyvalent, HRP 2 h, RT

(Lab Vision Corporation)

RT Room temperature
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instructions. Immunocytochemical reactions were developed
with 3,3'-diamino-benzidine (DAB+Substrate System,
LabVision). All cytoblock sections were conterstained with
hematoxylin/ eosin, dehydrated and mounted. Positive controls
for immunostaining with each antibody are described in Table 1.
Slides were visualized in a phase contrast microscope.

Protein extraction

The expression of MCT1, MCT2, MCT4 and CD147 was also
evaluated by Western-blotting. Cells were grown in cell culture
dishes until reaching approximately 80% confluence and sub-
jected to the respective treatment described in the results. After
incubation, cells were washed with ice-cold PBS 1x and col-
lected by scrapping using ice-cold lysis buffer (150 mM NaCl,
0.1 mM EDTA, 1% Triton X-100, 1% NP40, 50 mM Tris—HCl
pH 7.5 and 1/7 protease inhibitor cocktail, Roche Applied
Sciences). The suspension was transferred to a pre-cooled
1.5 ml tube and incubated on ice during 15 min, being occa-
sionally vortexed. The lysate was centrifuged (13,000 rpm,
15 min, 4°C) and the supernatant collected for protein analysis.
The protein content of the extracts was measured using the
BCA™ Protein Assay Kit (Pierce Biotechnology, Inc.),
according to manufacturer’s instructions.

Western-blot assays

Western-blot assays were performed according to conventional
procedures. Briefly, 20 pg of protein samples were separated
by SDS-PAGE and transferred to nitrocellulose membranes.
After transference, membranes were washed with Tris-
buffered saline Tween-20 (TBST) and blocked with a 5%
skimmed milk solution in TBST, for 1 h at room temperature,
with gentle shaking. Membranes were rinsed three times with
TBST and incubated with the primary antibodies MCT],
MCT4 and CD147 overnight at 4°C at the dilutions described
in Table 1. Actin was used as loading control. After incubation,
membranes were washed three times with TBST and treated
with the appropriate secondary antibody, conjugated with
horseradish peroxidase, for 1 h at room temperature with gentle

1251 ZR-75-1 1501
ICs =557+ 1.5 uM

15
(=
1

Cell survival
(% of control)
Cell survival
(% of control)
b
1

shaking. The immunoreactive proteins were visualized using
the Enhanced chemiluminescence detection kit, in an imaging
system (Chemidoc, BioRad). The protein content was evalu-
ated by measuring the density of each band and normalizing to
the actin content.

Results
3-BP affects survival of breast cancer cells

Three breast cancer cell lines (MCF-7, ZR-75-1 and SK-
BR-3) were treated with 3-BP and its effect on cell viability
was evaluated by the MTT assay. After a short period of
incubation (16 h), 3-BP decreased cell survival in a dose-
dependent manner in all the cell lines. The three cell lines
presented different sensitivities to 3-BP (Fig. 1), with a more
potent effect in the ER (+) cell lines: ZR-75-1 and MCF-7
(IC50 of 55.7+1.5 and 84.6+15.4 uM, respectively), while
the ER (—) cell line SK-BR-3 was more resistant (ICsq of
458.1£28.6 uM). The MTT assay is an indirect method to
evaluate the cytotoxicity of a compound, based on the
reduction of MTT to formazan, by metabolically active cells
(Mosmann 1983). These results were cross-checked by the
SRB assay, which estimates cell biomass according to the
protein content of the cells (Vichai and Kirtikara 2006). The
same order of sensitivity for the three cell lines was ob-
served and the ICs, estimated were at the same order of
magnitude: 42.6+4.7; 67.8+1.5 and 405.0+88.2 uM for
ZR-75-1, MCF7 and SK-BR-3, respectively. For 3-BP con-
centrations higher than the 1Cs,, a lower cell biomass was
found comparing to the t, values (corresponding to cell
biomass at the time of the addition of the compound), being
near zero for high 3-BP concentrations (data not shown),
indicating its cytotoxic rather than cytostatic nature.

3-BP effect on cell morphology and apoptosis was also
assessed in the three cell lines. Figure 2a shows representa-
tive results of the morphological alterations observed for
SK-BR-3 cell line, treated with 3-BP in concentrations
corresponding to ICso and 2x ICsy. Loss of integrity and

MCF-7 100+
ICsy = 84.6 £ 15.4 uM

SK-BR-3
ICso = 458.1 +28.6 uM

Cell survival
(% of control)
3
1

0 T T T
1 10 100

[3-BP] uM

rrm
1000 10

- .
100 1000 10 100 1000 10000
[3-BP] uM

[3-BP] uM

Fig. 1 3-BP effect on cell viability of the breast cancer cell lines ZR-75-1, MCF-7 and SK-BR-3, evaluated by the MTT assay. Results are the mean

+ SD of triplicates of at least three independent experiments
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Fig. 2 3-BP effect in cell
morphology and apoptosis in
breast cancer cells. Untreated
and treated cells with 3-BP in a
concentration corresponding to
ICsq or 2x1Cs, were analyzed
by TUNEL assay and stained
with DAPI. (a) SK-BR-3 cells
visualized in a phase contrast
and fluorescence microscope
with a magnification of 400x.
(b) Number of apoptotic cells of
ZR-75-1, MCF-7 and SK-BR-3
counted for all the conditions
analyzed. The results are
presented as mean + SD of two
independent experiments.
Statistical significance estimated
by two-tailed Student’s #-test for
mean comparison was as
follows: * p<0.05, ** p<0.01
significantly different from
untreated cells; # p<0.05, ##
p<0.01 significantly different
from ICs treated cells

®
A

Untreated

MORPHOLOGY

MERGED

Apoptotic cells/100 cells

increased cell death was observed in treated cells, as well as
alterations in cell morphology, including opaque cytoplasm,
prominent nuclei with abnormal morphology and bebling
characteristic of apoptotic cells. This phenotype was more
pronounced in cells treated with 3-BP at 2x ICs,.

To clarify the type of cell death induced by 3-BP, TUNEL
assay was performed. 3-BP treatment induced apoptosis in all
cell lines analyzed (Fig. 2a and b). The cell line ZR-75-1
showed a similar number of apoptotic cells when treated with
3-BP for both concentrations used. However, for the other two
cell lines, the number of apoptotic cells increased with 3-BP
concentration (Fig. 2b). In all cases, the percentage of
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apoptotic cells for 3-BP ICsy was less than 50%, whereas
the viability was around 50%, as evaluated by the trypan blue
assay. The inhibitory effect of 3-BP could be also associated
with other type of cell death, namely necrosis or autophagy, as
suggested by the high vacuolization observed (see the repre-
sentative observations shown in Fig. 2a for the SK-BR-3
treated cells).

3-BP affects cell metabolism and lactic acid production

3-BP inhibits glycolysis and depletes cell ATP, what causes
cell death (Ko et al. 2004). As a consequence, we expected a
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change on the levels of lactate exported by the cells treated
with 3-BP. The extracellular lactic acid concentration was
measured in the three cell lines untreated and treated with 3-
BP ICs (Table 2). All cell lines showed a decrease in lactate
production, in concordance with 3-BP effect on glycolysis.
The more resistant cell line SK-BR-3 was less affected,
compared with the more sensitive cell lines ZR-75-1 and
MCEF-7.

Breast cancer cells do not recover from 3-BP treatment

In order to analyze whether cells treated with 3-BP recover
after its removal from the medium, cells were washed and
incubated further 48 h in drug-free medium and cell viability
was assessed by the MTT assay (Fig. 3). Cells treated with
3-BP concentrations lower than the ICs, were able to recover
and divide similarly to untreated cells. For concentrations
closer to, or higher than, the ICs, the effect was irreversible
and cells did not recover from 3-BP effect. It is important to
notice that the most sensitive cell line, ZR-75-1, retained the
lower ability to recover (Fig. 3).

3-BP does not alter immunocytochemical expression
of MCTs and CD147 in breast cancer cells

3-BP, being a pyruvate derivative, most probably uses the
same plasma membrane transporters than other monocar-
boxylates like pyruvate, lactate, butyrate or acetate, MCT
isoforms 1 to 4. MCT1, MCT2, MCT4 and CD147 proteins
expression was assessed by immunocytochemistry in cells
treated or not treated with 3-BP. Figure 4 shows the basal
expression of these proteins in the three cell lines. It is worth
noticing that MCT2 has never been detected for all condi-
tions used, including cells treated with 3-BP (data not
shown). MCT1, MCT4 and CD147 were expressed in all
cell lines. Concerning cells treated with 3-BP, no differences

Table 2 Extracellular lactic acid concentration in the breast cancer cell
lines ZR-75-1, MCF-7 and SK-BR-3 incubated for 16 h in the absence
or in the presence of 3-BP ICs,. The results were normalized for total
cell biomass, dividing the total lactic acid by the optical density
determined in the SRB assay. Statistical significance estimated by
two-tailed Student’s #-test for mean comparison was as follows:* p<
0.05, ** p<0.01, *** p<0.005, significantly different from untreated
cells

Cell line Lactic acid concentration (pg lactic acid/total biomass)
Non-treated cells 3-BP treated cells (ICs)
ZR-75-1 30.0+£4.0 22.440.9 **
MCE-7 19.0+£0.3 11.14£0.8 ***
SK-BR-3 19.2+0.9 16.4£1.0 *

in the protein expressed pattern have been detected (data not
shown).

Butyrate enhances 3-BP cytotoxicity

To assess the influence of metabolic carboxylic acids on 3-
BP cytotoxicity, cells were pre-incubated with different
acids before 3-BP treatment. The viability of the cells trea-
ted with lactate or butyrate alone or in combination with 3-
BP ICsy was evaluated by the MTT assay (Fig. 5). Lactate
concentrations ranging from 50 to 10,000 uM, alone or in
combination with 3-BP, did not affect cell viability signifi-
cantly (Fig. 5a). A different behavior was found for butyrate
treated cells, where a decrease in cell viability was observed
with increasing acid concentrations (Fig. 5b, black bars).
The cytotoxic effect of 3-BP increased in a dose-dependent
manner by pre-incubating the cells with butyrate (Fig. 5b,
white bars). This phenotype was more pronounced for the
most resistant cells, the SK-BR-3, in which the ICs, for 3-
BP without and with butyrate 500 uM pre-treatment de-
creased from 423.9£3.5 uM to 199.3+10.3 uM uM.

Similar experiments have been conducted with pyruvate
and acetate in the same range of concentrations and culture
conditions. The results were comparable to lactate treat-
ment: neither loss of cell viability for the incubation with
the acids alone, nor significant enhancement in 3-BP cyto-
toxicity (data not shown). The increase in 3-BP cytotoxicity
seems to be specific for butyrate, which is more pronounced
in the more resistant cell line SK-BR-3.

Butyrate but not lactate increases MCT4 and CD147
expression in SK-BR-3 cells

As the breast cancer cell line SK-BR-3 showed the largest
response to 3-BP upon the butyrate pre-treatment, the ex-
pression of MCT1, MCT2, MCT4 and CD147 was assessed
in this cell line by immunocytochemistry for the effect of
butyrate and lactate at the concentrations of 500, 2,000 and
10,000 uM (Fig. 6). Concerning MCT1, no considerable
differences in the overall expression were observed, al-
though a discrete increase in the plasma membrane staining
was visualized, especially in butyrate treated cells. No sig-
nificant expression of MCT2 was observed for all cases
(data not shown). In cells treated with butyrate, a higher
staining level of MCT4 and CD147 was detected at the
plasma membrane. To confirm this result, western-blot anal-
ysis was performed in cells treated with butyrate, using
untreated cells as reference. As shown in Fig. 7, an increase
in MCT4 expression was detected with increasing concen-
trations of butyrate, consistent to the immunocytochemistry
observations. Furthermore, MCT1 level of expression did
not change with acid treatment. Regarding the expression of
CD147, although detected, it was not quantified due to the
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Fig. 3 Recovery capacity of breast cancer cells from 3-BP effect, The inset in each graph represents cell viability, normalized for control,
evaluated by the MTT assay. Bars represent the reduced-MTT, evalu- both for recovered (white squares) and non-recovered (black squares)
ated by ODs5, as a function of 3-BP concentration before (black bars) cells. Results are the means = SD of triplicates of at least three
and after (white bars) a recovery period of 48 h in drug-free medium. independent experiments
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Fig. 4 Immunocytochemical expression of MCT1, MCT4 and CD147 in the breast cancer cell lines ZR-75-1, MCF-7 and SK-BR-3 Q10
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Fig. 5 Cell viability, evaluated by the MTT assay, of cells incubated
during 24 h in medium containing lactate (a) or butyrate (b) in a range
of concentrations (up to 10 mM), followed by 16 h incubation in
medium with (white bars) or without 3-BP (black bars) using the
ICs for each cell line. Results are the mean + SD of triplicates of at

presence of several bands associated with the glycosylation
patterns of the protein, which makes quantification unreli-
able (data not shown).

Discussion

Most cancer cells display a remarkable metabolic alteration
in bioenergetics, by switching to a glycolytic phenotype,
even in aerobic conditions. 3-BP is a chemotherapeutic drug
that impairs glucose metabolism and energy production in
cancer cells. 3-BP cytotoxic effect has already been de-
scribed in different cancer cell types, such as pancreatic
cancer, melanoma or hepatocellular carcinoma (Bhardwaj
et al. 2010; Qin et al. 2010; Pereira da Silva 2009). Breast
cancer is one of the most common malignancies worldwide
and the major cause of cancer death in women. In this study,
we evaluated 3-BP cytotoxicity in three breast cancer cell
lines, two estrogen-dependent ER (+), MCF-7 and ZR-75-1
and one estrogen-independent ER (—), SK-BR-3. In all cells,
3-BP exhibited a dose-dependent cytotoxicity, inducing ap-
optosis and changes in cell morphology. Additionally, 3-BP
treatment led to a decrease in lactic acid production corrob-
orating its role as an antiglycolytic agent.

The three cell lines presented different sensitivities
to 3-BP. Interestingly, the ER (—) cell line SK-BR-3

|Butyrate] pM

MCEF-7 SK-BR-3
140
1204
T = 100+
=9
= 5 804
g 13 9 )
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O~ 404
204
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100 500 1000 2000 5000 10000 0 50 100 500 1000 2000 5000 10000
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1201

- -

H ]
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E
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100 500 1000 2000 5000 10000 0 50 100 500 1000 2000 5000 10000

[Butyrate] pM

least three independent experiments. Statistical significance estimated
by two-tailed Student’s #-test for mean comparison was as follows:* p<
0.05, ** p<0.01, *** p<0.005, significantly different from the respec-
tive untreated cells

was the most resistant, followed by MCF-7 and ZR-75-
1, both ER (+). Our unpublished data showed that
other ER (—) breast cancer cell line (MDA-MB-231)
presents also a higher resistance to 3-BP, with an ICs,
of around 200 puM. Exploitation of the correlation
between the ER (=) phenotype and 3-BP resistance
needs further research, an objective beyond the scope
of this work.

It is well stated that the ER (—) breast cancers are more
aggressive and display a worse prognosis, therefore sensi-
tizing these cells to chemotherapeutic drugs is of major
importance in breast cancer therapy. In this work we showed
that the treatment with the carboxylic acid butyrate sensi-
tized cells to 3-BP, particularly the ER (—) cells. This effect
was specific for butyrate, since none of the remaining met-
abolic monocarboxylic acids tested (lactate, pyruvate or
acetate) were able to enhance 3-BP cytotoxicity.

It has been reported that butyrate, a substrate of MCTs,
can induce MCT1 expression in human colonocytes, in
the colon cancer cell line Caco-2 and in the colonic
epithelial cell line AA/C1 (Borthakur et al. 2008; Cuff et
al. 2002). Our results show for the first time that in breast
cancer cells, butyrate is able to increase MCT4 but not
MCT1 expression, although it changes MCT1 localization.
Butyrate seems to play a role in the upregulation of
MCT4 and CD147 (chaperone), as it induces the strongest
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Fig. 6 Immunocytochemical expression of MCT1, MCT4 and CD147 in SK-BR-3 cell line treated with butyrate or lactate in different
concentrations. Untreated cells were used as control and the expression of the same proteins was assessed in these cells

membrane staining of those proteins in ZR-75-1, the most
sensitive cells to 3-BP. Under the same experimental con-
ditions, lactate did not induce significant alterations of the
patterns of MCT1, MCT2, MCT4 and CD147 expression.
We therefore can speculate that MCT4 and its ancillary
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protein CD147 are positive effectors of 3-BP response and
likely to be involved in the uptake of the drug by the
cancer cells.

Proton-linked influx and efflux of monocarboxylates are
mediated by MCT isoforms 1 to 4, the direction of the
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a)

% Protein expression
(relative to control)

Fig. 7 MCTI1 and MCT4 expression, assessed by western-blot analy-
sis, in SK-BR-3 cells treated with butyrate at different concentrations.
(a) Levels of protein expression relative to the control cells. The results

transport being defined by the proton and the anionic form
of the acid gradient concentration across the plasma mem-
brane (Halestrap and Wilson 2011; Halestrap 2011). MCT|1-
4 transport a wide variety of monocarboxylates, according
to their tissue localization and substrate affinities. We have
detected MCT1 and MCT4 expression in breast cancer cells,
but we could not detect MCT2 significant expression.
MCT3 expression was not evaluated since its localization
is reported to be confined to the retinal pigment epithelium
RPE and choroid plexus epithelia (Halestrap and Wilson
2011; Morris and Felmlee 2008). MCT]1 is a transporter
with a broader range of substrates, when compared to other
MCT members, being involved both in lactate uptake and
efflux. MCT4 major’s physiological role has been attributed
to the efflux of lactate from glycolytic cells, displaying a
high K, for all substrates studied (Halestrap and Wilson
2011; Semenza 2008; Sonveaux et al. 2008; Dimmer et al.
2000; Manning Fox et al. 2000). Although MCT4 is in-
volved in lactate efflux due to the low affinity for the acid,
its possible role in the uptake of monocarboxylates cannot
be excluded. In fact, Lecona and collaborators reported that
MCT]1 transports butyrate with high-affinity and hypothe-
sized the role of MCT4 as a low affinity transporter for this
acid (Lecona et al. 2008). According to our results, we can
raise the hypothesis that butyrate enters the cells by both
MCT1 and MCT4, and induces the expression of the later,
in breast cancer cells. At first glance, one could expect that
3-BP, in the range of concentrations used (uM), should be
uptaken by the cell via the higher affinity transporter MCT1.
Since butyrate induces MCT1 plasma membrane localiza-
tion as well as MCT4 overexpression, we believe that the
overall capacity of the cell to transport 3-BP was stimulated.
However, this hypothesis needs further confirmation by
kinetic analysis of 3-BP transport through the plasma
membrane.

The conditions used in our experiments (pH>7.0) assure
the anionic form prevalence of the acids, so specific trans-
port systems such as MCT1 and MCT4 have to be present to
mediate their uptake. Our results demonstrated that butyrate
induces MCT4 expression, probably enhancing 3-BP

b)

[Butyrate] (uM)
0 500 2000 10000
- = = =
— — —— « MCTI1
——— — —— Actin
= _ I T
Actin

are presented as mean = SD of two independent experiments. (b)
Representative results of MCT1 and MCT4 protein expression

uptake. The role of MCT1 in mediating butyrate action,
needs further investigation.

It has been reported that butyrate itself can inhibit prolif-
eration and induce cell death, in colon adenocarcinoma
derived cells (Hague and Paraskeva 1995; Hinnebusch et
al. 2002; Cuff et al. 2005). Our study showed that butyrate
can also induce per se loss of viability in breast cancer cells.
Butyrate production occurs naturally from colonic microbial
fermentation being the main carbon source of colonocytes
(MacFarlane and Cummings 1991). Although most of the
studies have been performed in colon cancer, where its role
in colon cancer prevention is known, inhibiting cell prolif-
eration and inducing apoptosis (Lupton 2004), it was not
surprising that we have also seen loss of viability in the
breast cancer cells, induced by butyrate.

The present study brings further insights to 3-BP mech-
anism of action. Our results show that in breast cancer cells,
3-BP decreased glycolytic activity and induced cell death,
namely by apoptosis. The effect of 3-BP appears to be
cytotoxic rather than cytostatic, as cells do not recover from
3-BP treatment, being fated to cell death. We show that
butyrate, which is itself an anti-proliferative agent, enhances
the effect of 3-BP, especially in resistant cells. Although the
process by which 3-BP enters the cell is not completely
clarified, our study suggests that MCT1/4 and CD147 might
be key players in 3-BP uptake by the cell.

Summing up, to the best of our knowledge, we show for
the first time that butyrate potentiates the effect of 3-BP in
breast cancer cells, through the increased expression of
MCT4 and CD147. Further, we put forward the possibility
of the potential use of butyrate as adjuvant for 3-BP in breast
cancer treatment, namely in more resistant types of tumors
such as the ER ().

Acknowledgements The authors are deeply grateful to Professor
André Goffeau (Université Catholique de Louvain-la-Neuve, Belgium)
for his contagious vision, valuable discussions at the Conference on 3-
BP held in Brussels, 29 October—2 November, 2011 and critical
reviewing of the manuscript. The authors also thank Dr. Rita Reis for
her technical support in microscopy and image analysis.

@ Springer

596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628

629

630
631
632
633
634
635



Q7/

AUTHER'ZPREO G

636
637

640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664

666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697

J Bioenerg Biomembr

Conlflict of interest statement The authors declare no conflict of
interest

References

Bhardwaj Vet al (2010) Glycolytic enzyme inhibitors affect pancreatic
cancer survival by modulating its signaling and energetics. Anti-
cancer Res 30(3):743-749

Borthakur A et al (2008) Regulation of monocarboxylate transporter 1
(MCT1) promoter by butyrate in human intestinal epithelial cells:
involvement of NF-kappaB pathway. J Cell Biochem 103
(5):1452-1463

Brizel DM et al (2001) Elevated tumor lactate concentrations predict
for an increased risk of metastases in head-and-neck cancer. Int J
Radiat Oncol Biol Phys 51(2):349-353

Brooks GA (2000) Intra- and extra-cellular lactate shuttles. Med Sci
Sports Exerc 32(4):790-799

Bustamante E, Pedersen PL (1977) High aerobic glycolysis of rat
hepatoma cells in culture: role of mitochondrial hexokinase. Proc
Natl Acad Sci U S A 74(9):3735-3739

Bustamante E, Morris HP, Pedersen PL (1981) Energy metabolism of
tumor cells. Requirement for a form of hexokinase with a pro-
pensity for mitochondrial binding. J Biol Chem 256(16):8699—
8704

Chen Z et al (2009) Role of mitochondria-associated hexokinase II in
cancer cell death induced by 3-bromopyruvate. Biochim Biophys
Acta 1787(5):553-560

Cuff MA, Lambert DW, Shirazi-Beechey SP (2002) Substrate-induced
regulation of the human colonic monocarboxylate transporter,
MCTT1. J Physiol 539(Pt 2):361-371

Cuff M et al (2005) The human colonic monocarboxylate transporter
Isoform 1: its potential importance to colonic tissue homeostasis.
Gastroenterology 128(3):676—-686

Dimmer KS et al (2000) The low-affinity monocarboxylate transporter
MCT#4 is adapted to the export of lactate in highly glycolytic cells.
Biochem J 350(Pt 1):219-227

Draoui N, Feron O (2011) Lactate shuttles at a glance: from physio-
logical paradigms to anti-cancer treatments. Dis Model Mech 4
(6):727-732

Fang J et al (2006) The H+—linked monocarboxylate transporter
(MCT1/SLC16A1): a potential therapeutic target for high-risk
neuroblastoma. Mol Pharmacol 70(6):2108-2115

Fischer K et al (2007) Inhibitory effect of tumor cell-derived lactic acid
on human T cells. Blood 109(9):3812-3819

Froberg MK et al (2001) Expression of monocarboxylate transporter
MCT1 in normal and neoplastic human CNS tissues. Neuroreport
12(4):761-765

Hague A, Paraskeva C (1995) The short-chain fatty acid butyrate
induces apoptosis in colorectal tumour cell lines. Eur J Cancer
Prev 4(5):359-364

Halestrap AP (2011) The monocarboxylate transporter family-structure
and functional characterization. [UBMB Life

Halestrap AP, Meredith D (2004) The SLC16 gene family-from mono-
carboxylate transporters (MCTs) to aromatic amino acid trans-
porters and beyond. Pflugers Arch 447(5):619-628

Halestrap AP, Price NT (1999) The proton-linked monocarboxylate
transporter (MCT) family: structure, function and regulation. Bio-
chem J 343(Pt 2):281-299

Halestrap AP and Wilson MC (2011) The monocarboxylate transporter
family-role and regulation. IUBMB Life

Hinnebusch BF et al (2002) The effects of short-chain fatty acids on
human colon cancer cell phenotype are associated with histone
hyperacetylation. J Nutr 132(5):1012-1017

@ Springer

Hussien R, Brooks GA (2011) Mitochondrial and plasma mem-
brane lactate transporter and lactate dehydrogenase isoform
expression in breast cancer cell lines. Physiol Genomics 43(5):
255-264

Izumi H et al (2003) Cellular pH regulators: potentially promising
molecular targets for cancer chemotherapy. Cancer Treat Rev 29
(6):541-549

Kennedy KM, Dewhirst MW (2010) Tumor metabolism of lactate: the
influence and therapeutic potential for MCT and CD147 regula-
tion. Future Oncol 6(1):127-148

Kirk P et al (2000) CD147 is tightly associated with lactate transporters
MCTI1 and MCT4 and facilitates their cell surface expression.
EMBO J 19(15):3896-3904

Ko YH, Pedersen PL, Geschwind JF (2001) Glucose catabolism in the
rabbit VX2 tumor model for liver cancer: characterization and
targeting hexokinase. Cancer Lett 173(1):83-91

Ko YH et al (2004) Advanced cancers: eradication in all cases using 3-
bromopyruvate therapy to deplete ATP. Biochem Biophys Res
Commun 324(1):269-275

Kroemer G, Pouyssegur J (2008) Tumor cell metabolism: cancer’s
Achilles’ heel. Cancer Cell 13(6):472—482

Lecona E et al (2008) Kinetic analysis of butyrate transport in human
colon adenocarcinoma cells reveals two different carrier-mediated
mechanisms. Biochem J 409(1):311-320

Lupton JR (2004) Microbial degradation products influence colon
cancer risk: the butyrate controversy. J Nutr 134(2):479—482

MacFarlane GT, Cummings JH (1991) The colonic flora, fermentation
and large bowel digestive function. In: Pars J, Phillips SF (eds)
The large intestine: physiology, pathophysiology and disease.
Raven Press Ltd, New York, pp 51-92

Manning Fox JE, Meredith D, Halestrap AP (2000) Characterisation of
human monocarboxylate transporter 4 substantiates its role in
lactic acid efflux from skeletal muscle. J Physiol 529(Pt 2):285—
293

Mathupala SP, Ko YH, Pedersen PL (2006) Hexokinase II: cancer’s
double-edged sword acting as both facilitator and gatekeeper of
malignancy when bound to mitochondria. Oncogene 25(34):
47774786

Morris ME, Felmlee MA (2008) Overview of the proton-coupled MCT
(SLC16A) family of transporters: characterization, function and
role in the transport of the drug of abuse gamma-hydroxybutyric
acid. AAPS J 10(2):311-321

Mosmann T (1983) Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J
Immunol Methods 65(1-2):55-63

Nabeshima K et al (2006) Emmprin (basigin/CD147): matrix metal-
loproteinase modulator and multifunctional cell recognition mol-
ecule that plays a critical role in cancer progression. Pathol Int 56
(7):359-367

Nakashima RA, Scott LJ, Pedersen PL (1986) The role of mitochon-
drial hexokinase binding in the abnormal energy metabolism of
tumor cell lines. Ann N Y Acad Sci 488:438-450

Pedersen PL (2007) Warburg, me and Hexokinase 2: multiple discov-
eries of key molecular events underlying one of cancers’ most
common phenotypes, the “Warburg Effect”, i.e., elevated glycol-
ysis in the presence of oxygen. J Bioenerg Biomembr 39(3):211-
222

Pereira da Silva AP (2009) Inhibition of energy-producing pathways
of HepG2 cells by 3-bromopyruvate. Biochem J 417(3):717—
726

Pinheiro C et al (2008a) Increasing expression of monocarboxylate
transporters 1 and 4 along progression to invasive cervical carci-
noma. Int J Gynecol Pathol 27(4):568-574

Pinheiro C et al (2008b) Increased expression of monocarboxylate
transporters 1, 2, and 4 in colorectal carcinomas. Virchows Arch
452(2):139-146

698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
17
718
719
720
721
722
723
724Q8
725
726
27
728Q9
729
730
731
732
733
734
735
736
737
738
739
740
741
742
43
744
745
746
47
748
749
750
751
752

7
758
759
760
761
762
763



AUTHOR'S PROOF

764
765
766
767
768
769
770
771
772
e
e
775
776
T
778
779
780

798

J Bioenerg Biomembr

JmlID 10863_ArtID 9418_Proof# 1 - 26/01/2012

Pinheiro C et al (2010a) Expression of monocarboxylate transporters 1,
2, and 4 in human tumours and their association with CD147 and
CD44. J Biomed Biotechnol 2010:427694

Pinheiro C et al (2010b) Monocarboxylate transporter 1 is up-regulated
in basal-like breast carcinoma. Histopathology 56(7):860-867

Qin JZ, Xin H, Nickoloff BJ (2010) 3-Bromopyruvate induces necrotic
cell death in sensitive melanoma cell lines. Biochem Biophys Res
Commun 396(2):495-500

Riethdorf S et al (2006) High incidence of EMMPRIN expression in
human tumors. Int J Cancer 119(8):1800-1810

Schwickert G et al (1995) Correlation of high lactate levels in human
cervical cancer with incidence of metastasis. Cancer Res 55
(21):4757-4759

Semenza GL (2008) Tumor metabolism: cancer cells give and take
lactate. J Clin Invest 118(12):3835-3837

Sonveaux P et al (2008) Targeting lactate-fueled respiration selectively
kills hypoxic tumor cells in mice. J Clin Invest 118(12):3930-3942

Swietach P, Vaughan-Jones RD, Harris AL (2007) Regulation of tumor
pH and the role of carbonic anhydrase 9. Cancer Metastasis Rev
26(2):299-310

Vichai V, Kirtikara K (2006) Sulforhodamine B colorimetric assay for
cytotoxicity screening. Nat Protoc 1(3):1112-1116

Walenta S et al (1997) Correlation of high lactate levels in head and
neck tumors with incidence of metastasis. Am J Pathol 150(2):
409-415

Walenta S et al (2000) High lactate levels predict likelihood of metas-
tases, tumor recurrence, and restricted patient survival in human
cervical cancers. Cancer Res 60(4):916-921

Warburg O (1956) On the origin of cancer cells. Science 123(3191):
309-314

Wilson MC et al (2005) Basigin (CD147) is the target for organomer-
curial inhibition of monocarboxylate transporter isoforms 1 and 4:
the ancillary protein for the insensitive MCT2 is EMBIGIN
(gp70). J Biol Chem 280(29):27213-27221

@ Springer

781
782
783
784
785
786
87
788
789
790
791
792
793
794
795
796
797



AUTHOR'S PROOF

AUTHOR QUERIES

AUTHOR PLEASE ANSWER ALL QUERIES.

Ql.

Q2.
Q3.
Q4.
Q5.
Q6.
Q7.
Q8.
Q.
Q10.

Please check captured given name and family name for authors in author group, if captured
correctly.

Please check captured affiliations for authors in author group, if captured correctly.

Please check captured corresponding author and corresponding affiliation, if appropriate.
Please check captured street for Affs.1, 2, 3 and 5, if appropriate.

Please check captured city for Affs.1, 2, 3, 4, 5 and 6, if appropriate.

Please check captured state for Affs.1 and 5, if appropriate.

Please check captured Conflict of interest statement, if appropriate.

Please check captured bib editors for this reference, if appropriate.

Please check captured Issue ID for this reference, if appropriate.

Please check output of Figures 4 and 6 if acceptable, it contains small text below 6 points
otherwise, kindly provide figure replacements.





