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Abstract

Background: The number of deaths from prostate cancer is still high due to ATP Binding Cassette (ABC)-Mediated
Multidrug Resistance (MDR). Overexpression of ABC transporters causes multidrug resistance in most prostate cancer
chemotherapies. P-glycoprotein (P-gp) is one of the common drug transporters associated with MDR. There are no
drugs approved by FDA to reverse MDR (inhibiting P-gp) in prostate cancer. This study utilized drug combination to
reduce MDR expression by using 3-Bromopyruvate (3-BPA) to potentiate the therapeutic effect of SC-514. SC-514 is a
relatively new hydrophobic dug, which has been shown to have anti-cancer effects via inhibition of NF-KB-dependent
gene expression in cancer cells. 3-BPA is an alkylating agent, glycolytic inhibitor, and an anticancer drug that has a
great potential to enhance the effects of anticancer drugs.

Aim: This study aimed to reduce acquired and intrinsic ABC-mediated multidrug resistance (MDR) by increasing
the drug efficiency of SC-514 via drug combination with 3-BPA.

Method: Cell titer glow assay, multidrug resistance efflux assay, immunofluorescence assay and ELISA assay
were utilized to investigate the drug efficiency of SC-514 in combination with 3-BPA and the number of drug resistance
GR-PC-3 cells and PC-3 cells after treatment.

Results: Combination of SC-514 and 3-BPA significantly decreased intracellular ATP and the number of MDR cells
in GR-PC-3 and PC-3 prostate cancer cells. SC-514 and/3-BPA treatments reduce NF-KB activation, IL-6 expression,
and BCL2 expression. However, SC-514 and/3-BPA treatments increase the expression of Bax.

Conclusion: Combination of SC-514 and 3-BPA increased the therapeutic effect of SC-514 in prostate cancer
treatment. The anticancer activities of SC-514 and 3-BPA in combination is promising for future drug development and

drug combinations to completely reverse MDR in prostate cancer treatments.

Keywords: Multidrug resistance; SC-514; Drug combination;
Toxicity; Potentiate; Prostate cancer

Introduction

Increased Incidence of Prostate Cancer

Prostate cancer (PCa) is the most common cancer in American
men, after skin cancer [1]. The American Cancer Society’s estimates
for prostate cancer in the United States for 2020 are: About 1 man in
9 will be diagnosed with prostate cancer during his lifetime. Prostate
cancer is more likely to develop in older men and in African-American
men [2-4].

The type of cancer therapy will go a long way to determine prostate
cancer progression or development. Most primary prostate tumor
cells are initially sensitive to androgen deprivation therapy (ADT).
However, despite the advances in PCa treatment resulting in reduction
in mortality rates, and increased patient survival, PCa still remains the
most common non-cutaneous malignancy [5].

Androgen deprivation treatment is very effective at inducing
response for advanced or metastatic PCa [6-8]. However, more than
half of those cases become resistant to androgen deprivation treatment
after several years in what is termed castration resistant prostate cancer
(CRPC) or hormone resistant (HR) prostate cancer [9]. Hormone
resistant (HR) prostate cancer cells had a higher expression of IL-6,
compared to murine prostate cancer cell line (TRAMP-C1 cells). Even
though 81% of prostate cancers are pathologically organ-confined at
time of diagnosis [10]. After diagnosis prostate cancer can metastasized
to other organs of the body if the treatment is not effective. 3-BPA is
a known chemotherapeutic drug by itself. But is has limitations in

treating prostate cancer [11]. One of the ways to overcome limitations
of 3-BPA is direct oxidation of NF-kB by Reactive Oxygen Species
(ROS). The ROS produced inhibits DNA binding ability of NF-kB [12].
This is very crucial to prevent survival of prostate cancer because NF-
KB is one of the major pathways utilized by prostate cancer for survival
[13]. Cysteine, Cys-62 is in the Rel homology DNA-binding domain
(RHD) and therefore its oxidation inhibits DNA binding [14]. ROS
production by anti-cancer drug can impact this oxidation. SC-514 has
been shown to be efficient in producing ROS [15, 16]. The ROS released
by SC-514 has the potential to enhance the therapeutic effect of 3-BPA
and vice versa leading to a synergistic effect between 3-BPA and SC-
514. However, there is no assurance that the synergistic effect between
3-BPA and SC-514 is strong enough to reduce MDR in prostate cancer
as result of metabolic reprogramming of prostate cancer cells [17].

Very few therapeutic approaches can disrupt metabolic
reprogramming. This is because tumors usually consist of mixed
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populations of malignant cells, some of which seem to show
drug-sensitivity, while others appear to be drug-resistant [18].
Chemotherapeutic drugs may kill drug-sensitive cells but leave behind
a higher proportion of drug-resistance cells. In previous studies, great
efforts have been made to overcome MDR, but only a limited degree
of success was achieved in clinical applications [19]. Additionally,
effective control of drug release rates can be extremely important
for clinical practice, because specific drug release rates should be
formulated to overcome specific disease conditions [20]. Particularly,
the development of MDR of prostate cancer cells is known to be a
complex multistep process. MDR in cancer cells occur at different
stages and different mechanisms requiring different treatment
concentrations and different drug exposure time [21]. Therefore, in
order to achieve an efficient drug delivery system for PCa therapies,
the drug release profile in tumors should be maintained at optimum
therapeutic concentrations with minimum fluctuation.

Furthermore, MDR has been demonstrated to have a unique
broad-spectrum resistance phenomenon [22, 23]. This broad-spectrum
resistance was observed by overexpression of proteins such as the ABC
transporters in tumor cells. ABC proteins antagonize drug activity [23].
The ABC transporters including P-glycoprotein, are located in the cell
membrane, and are highly dependent on ATP for activity. Inhibition
of glycolysis and consequent inactivation of the ABC transporters
promote intracellular retention of anti-cancer agents, thus highlighting
their cytotoxic effects on malignant cells.

The mechanisms underlying MDR are rather complex. One of the
mechanism, called transporter-mediated efflux is a major component
that has received enormous attention. The transporter mediated efflux
is controlled by efflux transporters. These efflux transporters include
P-glycoprotein (ABCB-1/P-gp) and multidrug resistance proteins
(MRPs).P-glycoprotein mediated efflux is one of the main mechanisms
for multidrug resistance in PCa that can support prostate proliferation,

angiogenesis and metastasis.
Prostate cancer metastasis to the bone

Patients with advanced stages of prostate cancer, can have
conditions in which the cancer cells spread to the bones. This condition
is known as bone metastases. Bone metastases is an extremely common
event in patients with advanced prostate cancer, particularly those
with castration-resistant prostate cancer (CRPC). Bone metastasis
commonly causes pain, increases the risk of fractures, and can lead
to a life-threatening condition characterized by an increased amount
of calcium in the blood called hypercalcemia. Treatments for bone
complications may include drug therapy or radiation therapy. Despite
the claim that 90% of adult cancer patients can be relieved of their pain,
uncontrolled cancer-related bone pain is still a concern, particularly
for patients living at home with metastatic bone disease. In fact, more
than 90% of patients with metastatic prostate cancer have evidence of
skeletal deformity and bone pain. This lead to increased rates of bone
fracture in metastatic prostate cancer patients. Research proceedings
from the Oncology Nursing Society indicates that there is no effective
drug to alleviate the pain from bone cancer metastasis. This bone cancer
metastasis occurs when prostate cancer was treated the first time.
However, the treatment was not effective therefore leading to prostate
recurrence in a form that is more aggressive and dangerous (Figure 1).

Prostate cancer recurrence

Prostate cancer recurrence may occur if ATP is made available to
prostate cancer cells through any of the pathways indicated in fig 1
above. Like any other cancer, prostate cancer recurrence occurs when
remission relapse. There are 3 types of recurrence (local, regional and
distant). The type of recurrence depends on the location of the first
tumor with respect to the final tumor location. The reasons and causes
for the reoccurrence of prostate cancer is not fully elucidated. Some
studies have observed a group of cancer cells. These cells are known
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Figure 1: Energy production pathways in prostate cancer cells can impact the therapeutic efficiency of chemotherapeutic drugs
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as cancer stem cells or cancer initiating cells. Cancer stem cells are
potential cause of recurrence of prostate cancer due to their tumor-
forming capability, self-renewal, and resistance to chemotherapy and
radiotherapy. This recurrence may be linked to multidrug resistance in
prostate cancer treatment.

Prostate cancer may relapse because of prostate cancer resistance
to chemotherapeutic drugs. This condition is known as multidrug
resistance (MDR). MDR has long been known as one of the challenges
working against effective prostate cancer chemotherapy. In fact, the
resistance to drugs by PCa cells is recognized as the primary cause of
failure for chemotherapeutic treatments in prostate cancer. Growing
evidence supports the idea that deregulated cellular metabolism is
linked to such resistance. Indeed, both components of the glycolytic
and mitochondrial pathways are involved in altered metabolism
linked to chemo-resistance of prostate cancer. Multidrug resistance
is characterized by resistance to a broad range of structurally and
functionally unrelated chemotherapeutic drugs.

In another situation, multidrug resistance (MDR) occurs after
long-term chemotherapy, resulting in refractory cancer and tumor
recurrence. Therefore, combatting MDR is an important step in
prostate cancer treatment.

Several mechanisms of resistance have been identified including
altered levels of multidrug resistance associated protein (an efflux
pump), topoisomerase II, and glutathione S transferase. Overexpression
of the MDR-1 gene product, P-glycoprotein (P-170), an integral plasma
membrane protein involved in the active efflux of cytotoxic materials
from the cell, is consistently associated with multidrug resistance in
cultured cell lines selected for multidrug resistance and in certain
tumors.

P-170 is expressed in many normal tissues including kidney,
adrenal glands, large intestine, and liver indicating that it is involved in
normal physiological functions including detoxification and transport
of lipophilic molecules. Tumors arising from tissues that normally
express P-170 may be intrinsically resistant to chemotherapeutic agents
or, alternatively, tumors that were initially responsive to chemotherapy
may develop multidrug resistance during the treatment regimen and
subsequently not respond to therapy.

Multidrug resistance can be present at the time of diagnosis
(intrinsic resistance) or can be acquired after initial treatment and
remission of a cancer (acquired resistance). Although multiple
mechanisms mediate multidrug resistance, the first mediator of
multidrug resistance to be characterized at the molecular level was
MDRI, also known as P-glycoprotein (Pgp) and ABCBI1. The clinical
importance of MDR1-mediated multidrug resistance has been best
characterized in acute myelogenous leukemia. The role of MDRI
in solid tumors has been more difficult to discern, due to variations
in methods of detection of MDRI in tissues. Multiple efforts have
been made to standardize methods for MDRI detection using flow
cytometry, immunohistochemistry and in situ hybridization. Most
of these methods involve the use of monoclonal antibodies that are
specific to MDR protein of interest. Several monoclonal antibodies
have been produced to different epitopes of P-170 and subsequently
used in studies of various human tumor types. Multidrug-resistant cells
contain a plasma membrane efflux pump, the multidrug transporter,
which actively expels certain hydrophobic drugs from the cytosol to the
cell exterior. These drugs are usually positively charged at physiological
pH. This efflux of positively charged molecules might deplete the
cytosol of protons, raising the cytosolic pH. The cytosolic pH of
multidrug-resistant cells directly using a pH-sensitive dye coupled

to a membrane-impermeable molecule was examined. Multidrug
resistance is characterized by cross-resistance of human tumors to
several different chemotherapeutic agents to which the patient has not
been previously exposed.

A recent report detailing a series of multi-institutional trials to
assess sources of variability in assays to detect P-170 in tumor specimens
recommended standardization of approaches to the detection of P-170
in clinical specimens, including careful control of sample fixation and
antigen preservation.

The ABCBI1 gene (previously MDR1), located at 7q21, encodes a
membrane glycoprotein, which acts as an efflux pump and reduces
intracellular drug concentrations. Gene copy number amplification
is one of the chromosomal aberrations leading to the overexpression
of the ABCB1 gene. It occurs intra-chromosomally, forming
homogenously staining regions (HSR), or extra-chromosomally,
forming double minutes (DM). Both types have been reported in
ABCBI regional amplifications in acquired drug-resistant cell lines
from various cancers.

Although there are a considerable number of reports dealing
with amplifications of the ABCBI gene, little is known about the
mechanisms underlying the amplification process. Our knowledge of
the amplification process is very limited for amplification accompanied
by other chromosomal rearrangements such as translocation, inversion,
insertion, and deletion. One reason is complexity and heterogeneity
of the rearrangements and another is lack of appropriate methods
to monitor the specific chromosomal changes over time. PCa drug
resistance may arise within PCa cells exploiting structures within the
tumor micro-environment or stem cell niches to acquire invasive and
survival advantages.

Intrinsic proliferation and survival pathways mediated drug
resistance

Drug resistance mechanisms study in PCa, suggest that the
alternatively-activated survival pathways may include activated
receptor tyrosine kinases (RTKs) [6]. Moreover, epidermal growth
factor (EGFR) and vascular endothelial growth factor receptor
(VEGFR) are linked to signaling transduction pathways including Akt/
PI3K or Ras/Raf/MEK/ERK pathways, which mediate cell proliferation
and survival.

Treatment of prostate cancer with various agents targeting these
and other pathways such as mammalian target of mTOR, MAPK/ERK
VEGEF, and its receptor VEGFR, have also been reported to be regulated
by androgens in androgen-dependent tumors through activation of
HIFla. Androgen depletion leads to direct up-regulation of VEGF-C,
which in turns activates AR coactivator BAG-1L expression that
enhances AR transactivation. Activation of other receptors and their
pathways, such as interleukin 6 (IL-6) or Wnt/fB-catenin has also been
reported to be involved in the crosstalk with AR. Similarly, Insulin-like
growth factor 1 (IGF1) has also been reported to enhance AR function
in low or absent androgen levels, and may promote the transition
towards androgen-independence. Transforming growth factor B
(TGEFp) was also reported to be overexpressed in PCa, and shown to
exert diverse functions in stromal tumor cells via SMAD-dependent
or SMAD-independent signaling pathways. Nuclear factor-kappa B
(NFkB)/IL-6 and somatostatin receptor, have shown to either enhance
or completely restore sensitivity to taxane-based therapy. These
findings suggest that alternative signaling pathways may play a central
role in drug resistance and provide valuable insight of overcoming the
resistance by targeting these pathways.
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Figure 2: percentage cell viability of pc-3 cells treated with genistein.

However, once resistance to genistein is acquired, there are limited
therapeutic options other than supportive care. Thus, it is critical to
understand the mechanisms through which genistein-resistance
develops in PCa. To mimic the clinical progression, we cultured and
treat PC-3 cell lines with genistein, the cells that survived after 48hrs
were labelled genistein-resistant prostate cancer cell lines.

Results

A good number of studies investigated the impact of genistein on
prostate cancer (PCa) carcinogenesis. Our previous studies show that
a subpopulation of prostate cancer cells survived after treating PC-3
prostate cancer cells with genistein in vitro. This study stepped up the
concentration of genistein in PC-3 prostate cancer treatment in vitro
to 1000uM (Figure 2). However, we observed that a subdivision of the
prostate cancer cells still survived at 1000uM gensitein treatment. This
subdivision of prostate cancer cells is called genistein resistant prostate
cancer cells (GR-PC-3). In this study, we determine the impact of SC-
514 and 3-BPA on genistein resistant PC-3 prostate cancer cells (GR-
PC-3) and PC-3 prostate cancer cell lines (PC-3).

PC-3 prostate cancer cells were treated with
concentration of genistein (0.48uM - 1000uM). Data represented are
the mean of +SEM of three independent experiments. PC-3 prostate
cancer cells that were viable after 48hrs of genistein treatment were
labelled genistein resistant PC-3 prostate cancer cells in this study.
These cells were incubated at 5% CO, and 37° Cfor another 48hrs. Cells
were culture and treated (at their log phase, 48hrs culture and (80-90)%

confluence) with 3-BPA and/or SC-514 in 96 well plates.

increasing

Before we investigated the number of MDR cells that survived
after drug treatment, we utilized Cell titer glow assay to investigate
the cell viability of the drug treated GR-PC-3 prostate cancer cells by
quantifyingamount of intracellular ATP in the cells. The result indicated
that ATP level in form of luminiscence signal output decreases as drug
concentrations increases. The combination treatment of 3-BPA and
SC-514 consistently showed the lowest level of ATP or luminiscence
signal output from 0.24uM -1000uM drug treatment.

Conclusion

The synergistic effect between 3-BPA and SC-514 was strong
enough to reduce MDR in PC-3 and GR-PC-3 prostate cancer cell lines
significantly. There was downregulation of multidrug resistant proteins
and anti-apoptotic genes (NF-KB, IL-6, and BCL2) after treatment of
GR-PC-3 and PC-3 prostate cancer cells with 3-BPA and/or SC-514.
Apoptotic death in prostate cancer treatment with 3-BPA and SC-514

was elevated by increased expression of pro-apoptotic proteins (Bax)
and decreased expression of anti-apoptotic proteins (NF-KB, IL-6 and
BCL2).

3-BPA may be a good potentiator of other chemotherapeutic
drugs with similar mechanism of action as SC-514. Combination
drug treatments of other chemotherapeutic drugs may be equally or
more effective in reducing the incidence of drug resistance and drug
toxicities in prostate cancer treatments.

Acknowledgement:
Not applicable.
Conflict of Interest:
The authors declare no conflict of interest.

References

1. Finianos A, Aragon-Ching JB (2019) Zoledronic acid for the treatment of
prostate cancer. Expert Opin Pharmacother 20(6):657-666.

2. Nguyen PL, Alibhai SM, Basaria S, D Amico AV, Kantoff PW, et al. (2015)
Adverse effects of androgen deprivation therapy and strategies to mitigate
them. Eur Urol 67(5):825-836.

3. Powell IJ (2007) Epidemiology and pathophysiology of prostate cancer in
African-American men. J Urol 177(2):444-449.

4. Hsing AW, Yeboah E, Biritwum R, Tettey Y, De Marzo AM, et al. (2014) High
prevalence of screen detected prostate cancer in West Africans: implications
for racial disparity of prostate cancer. J Urol 192(3):730-736.

5. Huggins C (1963) The hormone-dependent cancers. Jama 186(5):481-483.

6. Semenas J, Allegrucci C, Boorjian AS, Mongan PN, Liao Persson J (2012)
Overcoming drug resistance and treating advanced prostate cancer. Current
drug targets 13(10):1308-1323.

7. Carroll PR, Parsons JK, Andriole G, Bahnson RR, Castle EP, et al. (2016)
NCCN guidelines insights: prostate cancer early detection, version 2.2016. Natl
Compr Canc Netw 14(5):509-519.

8. Loblaw DA, Virgo KS, Nam R, Somerfield MR, Ben-Josef E, et al. (2007)
Initial hormonal management of androgen-sensitive metastatic, recurrent, or
progressive prostate cancer: 2006 update of an American Society of Clinical
Oncology practice guideline. J Clin Oncol 25(12):1596-1605.

9. Hellerstedt BA, Pienta KJ (2002) The current state of hormonal therapy for
prostate cancer. CA Cancer J Clin 52(3):154-179.

10. Brzezniak C, Oronsky B, Aggarwal R (2018) A complete metabolic response
of metastatic castration-resistant neuroendocrine carcinoma of the prostate
after treatment with RRx-001 and reintroduced platinum doublets. Eur urol
73(2):306-307.

11. El Sayed SM (2018) Enhancing anticancer effects, decreasing risks and solving
practical problems facing 3-bromopyruvate in clinical oncology: 10 years of
research experience. Int J Nanomedicine 13:699.

Int J Inflam Cancer Integr Ther, an open access
journal

Volume 9 « Issue 3 + 1000191


https://www.tandfonline.com/doi/abs/10.1080/14656566.2019.1574754
https://www.tandfonline.com/doi/abs/10.1080/14656566.2019.1574754
https://www.sciencedirect.com/science/article/abs/pii/S0302283814006502
https://www.sciencedirect.com/science/article/abs/pii/S0302283814006502
https://www.auajournals.org/doi/abs/10.1016/j.juro.2006.09.024
https://www.auajournals.org/doi/abs/10.1016/j.juro.2006.09.024
https://www.auajournals.org/doi/abs/10.1016/j.juro.2014.04.017
https://www.auajournals.org/doi/abs/10.1016/j.juro.2014.04.017
https://www.auajournals.org/doi/abs/10.1016/j.juro.2014.04.017
https://pubmed.ncbi.nlm.nih.gov/14053350/
https://www.ingentaconnect.com/content/ben/cdt/2012/00000013/00000010/art00014
https://jnccn.org/view/journals/jnccn/14/5/article-p509.xml
https://www.researchgate.net/profile/James-Talcott/publication/51385895_Initial_Hormonal_Management_of_Androgen-Sensitive_Metastatic_Recurrent_or_Progressive_Prostate_Cancer_2007_Update_of_an_American_Society_of_Clinical_Oncology_Practice_Guideline/links/569d5d3408ae00e5c98ecfb4/Initial-Hormonal-Management-of-Androgen-Sensitive-Metastatic-Recurrent-or-Progressive-Prostate-Cancer-2007-Update-of-an-American-Society-of-Clinical-Oncology-Practice-Guideline.pdf
https://www.researchgate.net/profile/James-Talcott/publication/51385895_Initial_Hormonal_Management_of_Androgen-Sensitive_Metastatic_Recurrent_or_Progressive_Prostate_Cancer_2007_Update_of_an_American_Society_of_Clinical_Oncology_Practice_Guideline/links/569d5d3408ae00e5c98ecfb4/Initial-Hormonal-Management-of-Androgen-Sensitive-Metastatic-Recurrent-or-Progressive-Prostate-Cancer-2007-Update-of-an-American-Society-of-Clinical-Oncology-Practice-Guideline.pdf
https://www.researchgate.net/profile/James-Talcott/publication/51385895_Initial_Hormonal_Management_of_Androgen-Sensitive_Metastatic_Recurrent_or_Progressive_Prostate_Cancer_2007_Update_of_an_American_Society_of_Clinical_Oncology_Practice_Guideline/links/569d5d3408ae00e5c98ecfb4/Initial-Hormonal-Management-of-Androgen-Sensitive-Metastatic-Recurrent-or-Progressive-Prostate-Cancer-2007-Update-of-an-American-Society-of-Clinical-Oncology-Practice-Guideline.pdf
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/canjclin.52.3.154
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/canjclin.52.3.154
https://pubmed.ncbi.nlm.nih.gov/28943185/
https://pubmed.ncbi.nlm.nih.gov/28943185/
https://pubmed.ncbi.nlm.nih.gov/28943185/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6103555/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6103555/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6103555/

Citation: Toluleke Oloruntobi F, Kwasi J, Diaka K, Bowers Z, Leblanc A, Asghar W (2022) ABC-Mediated Multidrug Resistance Brought on by Therapy

in PC-3 Prostate Cancer. Int J Inflam Cancer Integr Ther, 9: 191.

Page 5 of 5

12. Toledano MB, Leonard WJ (1991) Modulation of transcription factor NF-
kappa B binding activity by oxidation-reduction in vitro. Proc Natl Acad Sci
88(10):4328-4332.

13.JinR,YiY, Yull FE, Blackwell TS, Clark PE, et al. (2014) NF-kB Gene Signature
Predicts Prostate Cancer ProgressionNF-kB Signature Predicts Prostate
Cancer Progression. Cancer Res 74(10):2763-2772.

14. Toledano MB, Ghosh D, Trinh F, Leonard WJ (1993) N-terminal DNA-binding
domains contribute to differential DNA-binding specificities of NF-kappa B p50
and p65. Mol Cell Biol 13(2):852-860.

15. Tse AKW, Chen YJ, Fu XQ, Su T, Li T, et al. (2017) Sensitization of melanoma
cells to alkylating agent-induced DNA damage and cell death via orchestrating
oxidative stress and IKK inhibition. Redox biol 11:562-576.

16. Famuyiwa TO, Jebelli J, Diaka JKK (2018) Interaction between 3-Bromopyruvate
and SC-514 in prostate cancer treatment. J Cancer Prev Curr Res 9(6):270-280.

17.Chen J, Cao S, Situ B, Zhong J, Hu Y, et al. (2018) Metabolic reprogramming-
based characterization of circulating tumor cells in prostate cancer. J Exp Clin
Cancer Res 37(1):1-15.

20.

21.

22.

23.

. Ippolito L, Marini A, Cavallini L, Morandi A, Pietrovito L, et al. (2016) Metabolic

shift toward oxidative phosphorylation in docetaxel resistant prostate cancer
cells. Oncotarget 7(38):61890.

. Lake DE, Hudis CA (2004) High-dose chemotherapy in breast cancer. Drugs

64(17):1851-1861.

Zhu H, Chen H, Zeng X, Wang Z, Zhang X, et al. (2014) Co-delivery of
chemotherapeutic drugs with vitamin E TPGS by porous PLGA nanoparticles
for enhanced chemotherapy against multi-drug resistance. Biomaterials
35(7):2391-2400.

Dorai T, Aggarwal BB (2004) Role of chemopreventive agents in cancer
therapy. Cancer letters 215(2):129-140.

Joyce H, McCann A, Clynes M, Larkin A (2015) Influence of multidrug resistance
and drug transport proteins on chemotherapy drug metabolism. Expert Opin
Drug Metab Toxicol 11(5): 795-809.

Zhang YK, Wang YJ, Gupta P, Chen ZS (2015) Multidrug resistance proteins
(MRPs) and cancer therapy. The AAPS journal, 17(4):802-812.

Int J Inflam Cancer Integr Ther, an open access
journal

Volume 9 « Issue 3 + 1000191


https://www.pnas.org/doi/abs/10.1073/pnas.88.10.4328
https://www.pnas.org/doi/abs/10.1073/pnas.88.10.4328
https://aacrjournals.org/cancerres/article/74/10/2763/592636/NF-B-Gene-Signature-Predicts-Prostate-Cancer
https://aacrjournals.org/cancerres/article/74/10/2763/592636/NF-B-Gene-Signature-Predicts-Prostate-Cancer
https://aacrjournals.org/cancerres/article/74/10/2763/592636/NF-B-Gene-Signature-Predicts-Prostate-Cancer
https://journals.asm.org/doi/abs/10.1128/mcb.13.2.852-860.1993
https://journals.asm.org/doi/abs/10.1128/mcb.13.2.852-860.1993
https://journals.asm.org/doi/abs/10.1128/mcb.13.2.852-860.1993
https://www.sciencedirect.com/science/article/pii/S221323171630372X
https://www.sciencedirect.com/science/article/pii/S221323171630372X
https://www.sciencedirect.com/science/article/pii/S221323171630372X
https://www.researchgate.net/profile/Joubin-Jebelli/publication/330993650_Interaction_between_3-BPA_and_SC-514_in_prostate_cancer_treatment/links/5c5f9c47a6fdccb608b40db7/Interaction-between-3-BPA-and-SC-514-in-prostate-cancer-treatment.pdf
https://www.researchgate.net/profile/Joubin-Jebelli/publication/330993650_Interaction_between_3-BPA_and_SC-514_in_prostate_cancer_treatment/links/5c5f9c47a6fdccb608b40db7/Interaction-between-3-BPA-and-SC-514-in-prostate-cancer-treatment.pdf
https://link.springer.com/article/10.1186/s13046-018-0789-0
https://link.springer.com/article/10.1186/s13046-018-0789-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5308698/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5308698/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5308698/
https://link.springer.com/article/10.2165/00003495-200464170-00001
https://www.sciencedirect.com/science/article/abs/pii/S014296121301452X
https://www.sciencedirect.com/science/article/abs/pii/S014296121301452X
https://www.sciencedirect.com/science/article/abs/pii/S014296121301452X
https://www.sciencedirect.com/science/article/abs/pii/S0304383504005464
https://www.sciencedirect.com/science/article/abs/pii/S0304383504005464
https://www.tandfonline.com/doi/abs/10.1517/17425255.2015.1028356
https://www.tandfonline.com/doi/abs/10.1517/17425255.2015.1028356
https://link.springer.com/article/10.1208/s12248-015-9757-1
https://link.springer.com/article/10.1208/s12248-015-9757-1

	Title
	Abstract

