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Abstract

Introduction: Cancer cells rewire their metabolic networks to support growth and survival. Studies suggest
the nuclear receptor involvement in breast cancer metabolic changes; however, the impact of progesterone
receptor B (PR-B)/17-hydroxyprogesterone (OHPg) signaling on breast cancer metabolism has been
underexplored.

Materials and methods: Seahorse Analyzer was used to measure the oxygen consumption and acid efflux
rate in OHPg treated breast cancer cells MCF7 and T47D. Enzymatic assays and western blotting analyses
were performed to evaluate the activities and expression of main glycolysis and Tri carboxylic Acid Cycle (TCA)
complexes. PR-B involvement was ascertained by using a specific PR-B siRNA.

Results: Our results showed that in MCF7 and T47D cells, OHPg/PR-B signaling decreases glycolysis and
ATP production, interfering on different cellular metabolic pathways. OHPg reduced pyruvate dehydrogenase
expression and increased a-ketoglutarate dehydrogenase content, suggesting the induction of a ‘truncated’
TCA. Furthermore, in our cells OHPg augmented ATP citrate-lyase levels, but reduced the octanoyl-CoA-
dehydrogenase and fatty acid synthase activities, indicating a poor de novo lipid synthesis. Interestingly, lipase
activity and fatty acid oxidation increased concomitantly to the triglyceride levels reduction.

Conclusions: Collectively, OHPg/PR-B signaling perturbs breast cancer cell metabolism altering the
metabolic reprogramming. OHPg can be used in combination with conventional chemotherapy to improve
cancer treatment outcomes.
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Introduction

Cancer cells rewire their metabolism and the glycolytic me-
tabolic phenotype was the first described [1]. Depending on the
cellular context, cancer cells can manifest different metabolic
phenotypes, ranging from the glycolytic phenotype to a glycolytic
partial phosphorylative and/or phosphorylative phenotype [2].
Furthermore, metabolic status in cancer cells may depend on the
relative contributions of different oncogenic and tumor-suppres-
sor genes [3].

Sex steroid hormones, including Estradiol (E2) and progester-
one (OHPg), exerta wide variety of physiological and pathological
actions, by binding to their specific receptors [4-6]. For instance,
the 21-carbon steroid OHPg binding to Progesterone Receptors
(PRs) is able to induce cellular processes required for the deve-
lopment of normal mammary gland, but also in breast cancer [7].
Inmouse model, OHPg stimulates normal human breast epithe-
lium through a paracrine mechanism promoting pre-neoplastic
progression [8]. Human PRs derive from a single gene as two iso-
forms, PR-A and PR-B and their ratio varies in different tissues and
patho-physiological conditions, as in breast malignancy [9]. Parti-
cularly, the ratio between PR-A and PR-B is augmented in breast
tumors from patients with poor prognosis, suggesting a protective
role of PR-B in breast cancer [10-12]. The level of these steroid
hormone receptors in patients with breast cancer has been used
in clinical management as an indicator of endocrine responsive-
ness [13]. Approximately 75 % of primary breast cancers express
ER, and more than half also express PR [14]. Although, the clinical
significance of ER evaluation has been well established, the role
of PR remains controversial, and whether PR assessment is neces-
sary has been debated for years [15].

In our recent paper, we reported in breast cancer a functional
crosstalk between PR-B and PTEN in inducing autophagy through
the involvement of AKT activation [16]. Autophagy is retained a
possible way to reprogram cellular metabolism by activated onco-
genes and inactivated tumor suppressors.

The survival of cancer cells is mainly dependent on their meta-
bolic reprogramming and alteration of tumour metabolism repre-
sents a truthful approach to induce cancer cell death. To identify
a cancer metabolic phenotype, it is needed to understand how
the metabolic pathways are arranged in comparison with nor-
mal metabolism. In this context, our is the first study evidencing
the OHPg/PR-B involvement on tumor cell metabolism, at our
knowledge.

In order to investigate other tumour-suppressive pathways
through which OHPg/PR-B signalling carries out a protective ac-
tion in breast cancer, we evaluated its possible action on the al-
teration of breast cancer cell lines metabolic reprogramming.

Materials and methods

Chemicals and assay kits: All chemicals, including 17-Hydroxy-
progesterone (OHPg), were bought from Merk Life Sciences (Mi-
lan, Italy). Glucose-6-phosphate dehydrogenase (G6PDH), Lactate
Dehydrogenase (LDH) and lipase activities, as well as glucose and
triglycerides assays kits were from Inter-Medical (Biogemina Ita-
lia Srl, Catania, Italy). Molecular Probes ATP Determination Kit
(A22066) was obtained from Thermo Fisher Scientific (Milan,
Italy).

Cell cultures: Human breast cancer cells MCF7 and T47D were
maintained according to supplier’s recommendations (ATCC).
MCF7 and T47D were cultured respectively in DMEM/F-12 and
RPMI 1640 media, containing 5% FBS, 1% L-glutamine, 1% Eagle’s
nonessential amino acids and 1 mg/ml penicillin/streptomycin
(Merk Life Sciences, Milan, Italy)in a 5% CO, humidified atmos-
phere. Every 4 months, cells were authenticated by single tandem
repeat analysis at our Sequencing Core and tested for morphol-
ogy, doubling times, and mycoplasma negativity, using MycoAlert
Mycoplasma Detection Assay (Lonza, Rome, Italy). Twenty-four
hours (h) before each experiment, cells were shifted in serum-
free medium and treated with different concentrations of OHPg
in medium containing 5% charcoal-treated FCS to reduce the en-
dogenous steroids concentration. OHPg concentrations were cho-
sen on the basis of our previous studies [4]. Furthermore, since
in the major part of the experiments the 10 nM OHPg was the
more efficacious in inducing an effect (probably since this is within
the physiological range in women), we referred particularly to this
concentration, although in some experiments we also presented
three different doses.

Seahorse XFe96 metabolic flux analysis: Oxygen Consumption
Rates (OCRs) in real times and Extracellular Acidification Rates
(ECAR), which allow to assess the cellular respiration, glycoly-
sis and ATP production in live cells, were determined using the
Seahorse Extracellular Flux (XFe96) analyzer (Seahorse Bioscience,
USA). Briefly, 1 x 10* cells (MCF7 and T47D) per well were seeded
into XFe96 well cell culture plates in presence of DMEM/F-12 and
incubated for 24h to allow cell attachment. After which, cells were
starved in serum free media for 24h and successively treated in
medium containing 5% charcoal-treated FCS, with OHPg at diffe-
rent concentrations. After 48h of treatment, cells were washed in
pre-warmed XF assay media, supplemented with 10 mM glucose,
1 mM Pyruvate, 2 mM L-glutamine, and adjusted at 7.4 pH (only
for OCR measurement). Cells were then maintained in 175 pL/
well of XF assay media at 37°C, in a non-CO, incubator for 1 h. In
to the sensor cartridge of XFe96, during the incubation time, were
loaded 25 pLof XF assay media containing 80 mM glucose, 9 uM
oligomycin, and 1M 2-deoxyglucose, for ECAR measurement and
25 plL of XF assay media with 10 pM oligomycin, 9 uM FCCP, 10 uM
rotenone, 10 uM antimycin A for OCR determination. Measures
were normalized by protein content (SRB assay).

Western blotting: Cells were treated as indicated and total
protein extracts were obtained as previously described [17]. RIPA
buffer (50 mM Tris—HCI, pH 7.4, 150 mM NaCl, 1% NP-40, 0.25%
Na deoxycholate and specific inhibitors) was used for cell lysis and
protein content was determined by Bradford dye reagent (Bio-
Rad). Equal amounts of protein extracts were resolved on a 10%
Sodium Dodecyl Sulfate-Polyacrylamide Gel (SDS-PAGE), transfer-
red to nitrocellulose membranes (Amersham Biosciences, Italy),
probed overnight at 4°C with antibodies against: PFK1 (G-11 sc-
166722), PDH-Ela(D-6 sc-377092), aKGD (C-20 sc-49589), ACLY
(5F8D11sc-517267), FAS (H-300 sc 20140), PR (F-4sc166169) (San-
ta Cruz Biotechnology DBA, Italy), ACC (#3662)PDK (#3062) (Cell
Signalling Technologies, Euroclone, Italy). B-actin (C-4, sc-47778)
(Santa Cruz Biotechnology DBA, Italy) was used as loading control.
Proteins were detected by horseradish peroxidase-linked second-
ary antibodies (DBA, Milan, Italy) and revealed using the ECL Plus
Western Blotting detection system (Amersham Pharmacia Biotech,
United Kingdom). Odyssey FC (Licor, Lincoln, NE, USA) and Scion
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Image laser densitometry scanning program were used, respec-
tively, for acquisition and quantification of each band of interest.

Lipid-mediated transfection of siRNA duplexes: Eighty percent
confluent cells was transfected with functionally verified siRNA di-
rected against human PR-B or with a control siRNA (Qiagen, MI,
Italy) that did not match with any human mRNA used as a control
for non-sequence specific effects (NS siRNA). Cells were transfec-
ted using Lipofectamine 2000 reagent (Invitrogen, Paisley, UK) ac-
cording to the manufacturer’s instructions as previously reported
[17] and then treated as indicated.

Lactate dehydrogenase activity: LDH activity, showed as ab-
sorbance change at 340 nm, was evaluated on cell lysates as pre-
viously indicated [18].

Glucose 6 phosphate dehydrogenase activity: G6PDH enzy-
matic activity was measured by analysing the increase of absorb-
ance at 340 nm [18]. Data have been presented as nM/min/ug
protein.

ATP assay: Quantitative determination of ATP was measured
by a bioluminescence assay with recombinant firefly luciferase
and its substrate D-luciferin (light emission at 560 nm at pH 7.8) as
previously described [18]. Data are presented as nM/ug protein.

Isocitrate dehydrogenase activity assay: Isocitrate Dehydro-
genase (ICDH) activity was measured as previously reported [18].
The reaction was performed on the cell lysate using a final 1 ml re-
action volume containing 0.2 mg protein, 50 mM Tris-Cl pH 7.4, 5
mM MnCl,, 0.25 mM NADP*, 0.25 mM isocitrate, at 37°C. Reaction
was monitored at 340 nm for 2 minutes (min); NADPH production
was calculated using an NADPH extinction coefficient of 6.26103
M- cm™. Data are presented as nM/min/ug protein.

Malic enzyme activity assay: Maleic Acid (ME) activity was de-
termined as previously reported [18], using a final 1 ml reaction
volume containing 0.3 mg protein, 50 mM Tris-HCl pH 7.4, 5 mM
MnCl,, 0.1 mM NADP*, 5 mM malate, at room temperature. Reac-
tion was checked at 340 nm for 2 min; the NADPH production was
calculated using an NADPH extinction coefficient of 6.26103 M
cm™. Data are presented as nM/min/ug protein.

Triglycerides assay: Triglycerides content were evaluated in
duplicate by a GPO-POD enzymatic colorimetric method accord-
ing to manufacturer’s instructions as previously described [18].
Data are presented as nM/ug protein.

Lipase activity assay: Lipase activity was measured, by Panteghi-
ni et al. [19] method, based on the use of 1,2-o-dilauryl-rac-glyce-
ro-3-glutaric acid-(6’-methylresorufin) ester as substrate, as previ-
ously described [18]. Data are presented as nM/min/ug protein.

Octanoyl CoA dehydrogenase activity assay: Octanoyl CoA
dehydrogenases catalyze the initial step in each cycle of fatty
acid B-oxidation. 50 pg of protein lysates was added to a buffer
containing 20 mm Mops, 0.5 mm EDTA and 100 Im FAD at pH 7.2.
Reduction of FAD to FADH2 was checked at 340 nm after addition
of octanoyl-CoA (100 ug M) every 20s for 1.5 minutes. Data are
expressed as nmol/min/ug protein. The enzymatic activity was
determined with three control media: one without octanoyl-CoA
as substrate, another without the coenzyme (FAD) and the third
without either substrate or coenzyme (data not shown).

Statistical analysis: Data obtained by Seahorse XFe96 were
analysed by XFe96 and GraphPad Prism softwares, using one-way
ANOVA and Student’s t-test. All experiments were performed in
quintuplicate, three times independently. Data obtained from the
enzymatic activities, as well as, glucose and triglycerides quanti-
fication assays (six independent experiments using duplicate de-
terminations), were presented as the mean + SEM. The Western
blot analyses were performed in at least four independent experi-
ments. Western blotting densitometric analyses, indicated as the
numbers above blot bands, represents the mean intensities of the
bands evaluated in terms of arbitrary densitometric units. The dif-
ferencesin mean values were calculated using Analysis of Variance.
The Wilcoxon test was used after analysis of variance as post
hoc test. A value of P < 0.05 was retained statistically significant.

Results
OHPg modulate energy metabolismin MCF7 and T47D cells

Under typical in vitro cell culture conditions, OCR is an indica-
tor of mitochondrial respiration, while ECAR is predominantly a
measure of lactic acid formed during glycolytic way. Measuring
OCR and ECAR simultaneously, may be indicative of the dynamic
interplay between glycolysis and oxidative metabolism [20]. To
see metabolic adaptation dynamically and on live cells, we have
evaluated the metabolic profile in MCF7 and T47D cells treated
or not for 48h with OHPg 10 nM and 100 nM (Figure 1 and Fi-
gure 2). In MCF7 cells both OHPg concentrations reduced the OCR
amount, as well as the ATP production and maximal respiration
levels (Figure 1A, C and D), but increased ECAR values (Figure 1F).
In the contrary, not significant changes were founded in basal res-
piration, spare respiratory capacity, glycolysis, glycolytic reserve
and glycolytic reserve capacity levels (Figure 1B, E, G,H and 1).
Regarding T47D cells, OHPg 10 nM and 100 nM decreased OCR
levels, ATP production and ECAR namounts (Figure 2A, C and F).
Of note, only the OHPg 100 nM treatment reduced the maximal
respiration, spare respiratory capacity and glycolysis (Figure 2D, E
and G) and increased glycolytic reserve capacity (Figure 2I).
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Figure 1: MCF7 cells showed a reduced mitochondrial ATP
production upon OHPg.

The Seahorse XFe96 analyzer was employed to determine the mito-
chondrial function of MCF-7 cells, see Material and Methods. Data
sets analyzed by Seahorse XFe96 metabolic flux analysis (OCR and
ECAR) was made using XFe96 software and GraphPad Prism software,
using one-way ANOVA and Student’s t-test calculations. All experi-
ments were performed in quintuplicate, three times independently.
A value of P < 0.05 was considered as statistically significant. * p <
0.05 versus untreated cells; ns = not significant.
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Figure 2: T47D cells showed a reduced mitochondrial ATP produc-
tion and glycolysis upon OHPg. Seahorse XFe96 analyzer was em-
ployed to determine OCR and ECAR in T47D cells, see Material and
Methods. Data sets analyzed by Seahorse XFe96 metabolic flux anal-
ysis was made using XFe96 software and GraphPad Prism software,
using one-way ANOVA and Student’s t-test calculations. All experi-
ments were performed in quintuplicate, three times independently.
A value of P < 0.05 was considered as statistically significant A: OCR;
B: basal respiration; C: ATP production; D: maximal respiration; E:
spare respiration capacity; F: ECAR; G: glycolysis; H: glycolytic re-
serve; |: glycolytic reserve capacity. * p < 0.05 versus untreated cells;
\\ns = not significant. j

OHPg/PR-B regulated glycolysis and intracellular LDH activity
in breast cancer cells

To better define how OHPg/PR-B could regulate the glycolytic
pathways in cancer cells, we determined the Phosphofructoki-
nase-1 (PFK1) expression and intracellular LDH activity in MCF7
and T47D cells treated with increasing OHPg concentrations for
24 h. In both cell lines, OHPg reduced PFK1 expression (Figure 3A).
LDH enzymatic activity upon OHPg stimulation was augmented
(Figure 3B). These effects were abrogated transfecting in MCF7
and T47D cancer cells a specific PR-B siRNA (Figure 3 A,B and Sup-
plementary Figure 1), hence suggesting the PR-B involvement in
these actions induced by OHPg.
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Figure 3: OHPg/PR-B regulated glycolysis and intracellular LDH acti-
vity in breast cancer cells. A: Immuno blot showing PFK1 expression.
MCF7 and T47D cells upon OHPg. B actin was used as loading control.
Autoradiograph shows the results of one representative experiment
and the numbers on the top of the blot, are mean of four indepen-
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*P< 0.05 versus (-); ¥*¥P< 0.02 versus (-). B: LDH activity performed in
MCF7 and T47D cells as reported in Material and Methods. Columns
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duplicate. *P< 0.05 versus (-); **P< 0.02 versus (-). /
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and T47D cells transfected with a control siRNA and treated with the
reported OHPg concentrations for 24 hs. In other sets of experiments
MCF7 and T47D cells were transfected to verify the functionality of
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B-actin was used as loading control. Autoradiograph shows the re-

sults of one representative experiment.

OHP/PR-B effects on biosynthetic contributions in breast can-
cer cells

Glucose is also engaged through the Pentose Phosphate Pa-
thway (PPP) which is up regulated in many types of tumors and
the first enzyme of the pathway is the G6PDH [21]. In both cell
lines, OHPg treatment determined a significant decline of the
G6PDH activity at OHPg 10 and 100 nM (Figure 4A), addressing
how the lowering of G6PDH in treated-cells also contributed to
the decrease of glucose utilization. To better define the OHPg/
PR-B action on biosynthetic state of our cells, we investigated the
activity of other two enzymes involved in the production of NA-
DPH, such as ME and ICDH. In MCF7 and T47D cells, both enzyma-
tic activities were increased by OHPg 10 nM through the involve-
ment of PR-B (Figure 4B,C).
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OHPg/PR-B modulate bioenergetic requirements in breast
cancer cells, inducing a ‘truncated’ TCA and altering the de novo
fatty acid synthesis.

Cancer cells constantly require high amount of ATP [22]. To
confirm our results obtained by Seahorse analysis and to evaluate
the role of PR-B/OHPg in ATP content, we performed a biolumi-
nescence assay to quantify the ATP levels in our cell lines upon
OHPg treatments in combination or not with PR-B siRNA. All the
OHPg concentrations used caused a reduction of ATP content and
these effects were abrogated by transfecting PR-B siRNA (Figure
5A). Pyruvate is transported to the mitochondria to be oxidized
by the Pyruvate Dehydrogenase (PDH), which in turn is regulated
by the pyruvate dehydrogenase kinase (PDK) [23]. As shown in
Figure 5A, in both cell lines the PDH expression was significantly
reduced after OHPg 10 nM treatment and this effect was abro-
gated by silencing PR-B. OHPg treatment did not influenced PDK
content in both cell lines (Figure 5B). Moreover, OHPg 10nM in-
ducedthe o-ketoglutarate dehydrogenase (aKGDH) expression
through the involvement of PR-B (Figure 5C). These results sug-
gest that OHPg may contribute to refuel the TCA cycle at level of
the aKGDH, hence inducing in breast cancer cells a ‘truncated’
TCA cycle, which can include spill of citrate to the cytosol for li-
pid synthesis [24]. Interestingly, we observed that only in MCF7
cancer cells the ATP Citrate Lyase (ACLY) content increased after
OHPg 1 and 10 nM treatment via PR-B (Figure 5D), while in T47D,
OHPg stimulation did not have any effect. Conversely, in both cell
lines OHPg decreased the Acetyl-CoA Carboxylase (ACC) and Fat
Acid Synthase (FAS) expression which were rescued transfecting
PR-B-siRNA (Figure 5D).
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OHPg/PR-B promoted a lipid lowering effect in breast cancer
cells

Similar to glucose, fatty acid metabolism supports both the
biosynthetic and the bioenergetics needs for cell growth and sur-
vival [25]. OHPg-stimulated MCF7 as well as T47D cells through
PR-B diminished the triglycerides content versus untreated cells
(Figure 6A). Concomitantly, the lipase and Octanoyl CoA-dehydro-
genase activities, both fatty acid catabolic processes, increased at
all the OHPg concentrations used (Figure 6B, C respectively). The
PR-B-siRNA counteracted the OHPg effects (Figure 6B, C).
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Discussion

Cancers are extremely heterogeneous diseases with indivi-
dual metabolic features. Nevertheless, aerobic glycolysis is often
found in malignant tumors, OXPHOS still contributes to energy
production [26]. Therefore, a multifaceted approach is impor-
tant to define the metabolic phenotype of a cancer. Herein, we
evidenced various features of tumor metabolism influenced by
OHPg/PR-B in human breast cancer cells, unveiling a novel pro-
tective action for OHPg/PR-B. Both in MCF7 and T47D cells, first
we studied the metabolic phenotype by the Seahorse XFe96 Ana-
lyser. From the data obtained, the OHPg did not influence gly-
colysis way, although in T47D a reduction at OHPg 100 nM was
observed. The ATP levels were significantly reduced after OHPg
treatment in both cell lines. To better define the metabolism of
our cell lines, we analyzed different key factors, which characte-
rizes both glucose metabolism and ATP production. By evalua-
ting glucose metabolism in MCF7 and T47D cells upon increasing
OHPg treatments, we observed that the PFK1 expression was
eminently decreased, concomitantly the intracellular LDH activity
increased. LDH, a long-lived protein is degraded mainly or exclusi-
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vely by autophagy. In this context, the present results well fit with
our previous findings indicating that OHPg through PR-B/Bcl-2
axis drives an impaired autophagy that facilitates the irreversible
growth arrest determining breast cancer cell fate [11,16]. Lactate
synthesis can exert a metabolic control over glycolysis, through
the inhibition of PFK1 enzyme, a rate limiting step of the glyco-
lytic pathway [27]. Recently, Mulukutla and co-authors showed
lactate inhibitory effect on PFK1, which in turn results in slowing
down the glycolytic flux [28]. It is known that the inhibition of
PFK1 determines the accumulation of fructose-6-phosphate, and
then isomerized to glucose-6-phosphate fueling also the PPP. This
pathway is crucial to sustain antioxidant and anabolic functions
in many cancer cells [29]. Our results showed that OHPg/PR-B re-
duce the G6PDH activity thus disturbing the PPP rate. Altogether,
these data are in agreement with another our recent study, where
we demonstrated that OHPg/PR-B induced the autophagy pro-
cess through PTEN, causing an inhibition of the AKT signal [16]
which is a glycolysis stimulator, therefore the down regulation of
its signaling cascade can also explain the low glycolytic flux as it
emerged from this finding.

Other than the PPP, the cytosolic enzymes ME and ICDH contri-
bute to the production of NADPH [30], interestingly both enzyma-
tic activities increased after OHPg stimulation in our cell models.
Pyruvate may be reduced to lactate and moved out of the cell or
to go into the mitochondria to be oxidized by the PDH into Acetyl-
CoA [23].

PDH and KGDH complexes regulate most of the carbon flow
into the TCA cycle, derived from pyruvate and other sources res-
pectively [31]. Our data showed that the refueling of TCA cycle
may occur prevalently through the KGDH, since its expression in-
creased, while that of PDH was reduced by OHPg. The heightened
need in cancer cells for biosynthetic intermediates may also result
in the augmented use of a ‘truncated’ TCA cycle. Unfortunately, a
persisted use of a truncated TCA cycle alters the integrity of mi-
tochondrial function, accordingly your data that showed a strong
reduction of the ATP content, using both the Seahorse analyzer
and a bioluminescence assay.

A shortened TCA cycle includes the citrate extrusion in the cy-
tosol to be used for fatty acid de novo synthesis [32]. In fact, ci-
trate may be cut by ACLY into OAA and Acetyl-CoA. The latter may
be used for de novo lipid synthesis, a complex process involving
enzymes such as ACC and FAS. In our study, OHPg increased ACLY
expression, whereas ACC and FAS levels were reduced, and this
may imply a switch towards the OAA cytosolic formation, which
in turn through ME and ICDH activities induced by OHPg, sustai-
ned pyruvate and thus LDH activity. These data are also in agree-
ment with the increased intracellular LDH activity as we found.
Furthermore, OHPg induced a general lipid lowering effect since
de novo fatty acid synthesis diminished. In fact, triglyceride levels
decreased, while concomitantly the lipase and the FAO activities
increased. Fatty acids are an important energy source that can
produce more ATP than carbohydrates when required. These ob-
servations and our data suggest that OHPg/PR-B may induce the
lipid degradation in breast cancer cells to recover energy, failing
however in their intent.

Collectively, our findings indicate for the first time that acti-
vation of the PR-B by its own natural ligand influences several

metabolic pathways in breast cancer cells, reducing both glucose,
oxidative and lipid metabolism. Herein, we discovered another
distinctive protective action of OHPg/PRB against breast cancer.
We hypothesize that OHPg may be taken into account, in com-
bination with other types of targeted chemotherapy, to improve
breast cancer treatment outcomes.

Conclusions

PR-B is a key prognostic marker for breast cancer patients, up
to date it is underexplored. OHPg through PR-B disrupts metabolic
reprogramming in breast cancer cells, altering glycolysis, oxidative
phosphorylation and lipogenesis, hence OHPg can be considered
in chemotherapy to improve cancer treatment outcomes.
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