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ABSTRACT

Multidrug resistance (MDR) is a phenomenon by which cancer cells develop
reduced sensitivity to anticancer drugs, which often leads to the failure of cancer
chemotherapy. A prominent mechanism of MDR is the overexpression on the cell
surface of the multidrug efflux pumps such as P-glycoprotein (P-gp, ABCB1), the
multidrug resistance protein 1 (MRP1, ABCC1) and mitoxantrone resistance protein
(MXR, ABCG?2), that decrease the intracellular accumulation of many anticancer
drugs, leading to increased tumor growth. Extensive efforts are under way to develop
effective modulators to overcome the MDR in cancer cells. Many dietary herbs have
been reported to be potentially effective MDR- modulators with the advantage of
being dietary compounds that are less toxic to animals, plentiful and inexpensive.
Previously, it has been reported that a curcumin mixture containing three major
curcuminoids (77% curcumin I, 17% curcumin Il and 3 % curcumin I1l) could
modulate the function of P-gp. This study focuses on the effect of the three major
pure forms of curcuminoids isolated from turmeric, curcumin I, Il and IlI, in
comparison with curcumin mixture on the modulation of P-gp, MRP1 and MXR

function.



In the first part of the study, curcumin mixture, curcumin I, Il, and 111 were
tested for their ability to modulate the function of P-gp by using P-gp overexpressing
cells, a multidrug resistant human cervical carcinoma cell line (KB-V1). The similar
ICso values for cytotoxicity of curcuminoids of KB-V1 and KB-3-1 (parental drug
sensitive cell lines) suggest that these curcuminoids may not be substrates for P-gp.
Treating the cells with non-toxic doses of curcuminoids increased their sensitivity to
vinblastine only in the P-gp expressing drug resistant cell line KB-V1; and curcumin |
retained the drug in KB-V1 cells more effectively than curcumin Il and IlII,
respectively. Effects of each curcuminoid on rhodaminel23, calcein-AM, and
bodipy-vinblastine accumulation confirm these findings. Curcumin 1, Il and Il
increased the accumulation of fluorescent substrates in a dose-dependent manner, and
at 10 uM, curcumin | was the most effective to inhibit the efflux function of P-gp.
The inhibitory effects in a concentration—dependent manner of curcuminoids on
verapamil-stimulated P-gp ATPase activity and photoaffinity labeling of P-gp with
the [**1]-lodoarylazidoprazosin offered additional support; curcumin | was the most
potent modulator. Therefore, the first part of the study suggests strongly that
curcumin | is the most potent modulator among curcuminoids to modulate the
function of P-gp.

In the second part of the study, curcumin mixture and three major
curcuminoids (curcumin 1, 11, and 111) were studied for their ability to modulate the
function and expression of MRP1 using HEK293 cells stably transfected with MRP1-
pcDNA3.1 and pcDNA3.1 vector alone. The ICs of curcuminoids in these cell lines
ranged from 14.5 - 39.3 uM. Upon treating the cells with etoposide, in the presence
of 5 and 10 uM curcuminoids, the sensitivity to etoposide was increased by several
folds only in MRP1 expressing and not in pcDNA3.1-HEK 293 cells. Western blot
analysis showed that the total cellular level of MRP1 protein was not affected by
treatment with 10 uM curcuminoids for three days. The modulatory effect of
curcuminoids on MRP1 function was confirmed by the inhibition of efflux of two
fluorescent substrates, calcein-AM and fluo4-AM. Although all three curcuminoids
increased the accumulation of fluorescent substrates in a concentration-dependent
manner, curcumin | was the most effective inhibitor. In addition, curcuminoids did

not affect 8azido[a-**P]JATP binding, however; they did stimulate the basal ATPase
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activity and inhibited the quercetin-stimulated ATP hydrolysis of MRP1 indicating
that these curcuminoids interact most likely at the substrate-binding site(s) not the
ATP binding site(s). Thus, these results demonstrate that curcuminoids effectively
inhibit MRP1-mediated transport, and, among curcuminoids, curcumin I, a major
constituent of curcumin mixture, is the best modulator for MRP1.

The effect of curcuminoids on MXR has been evaluated by investigating the
potency of curcumin mixture and the three pure forms of curcumin I, Il and Il to
modulate the activity of the wild-type (482R) expressed in HEK 293 cells and mutant
(R482T) expressed in MCF-7AdrVp cells. The cytotoxicity assay demonstrated that
the 1Cso of curcuminoids in pcDNA3.1- and MXR-HEK293 cells are in the range of
19-29 uM, whereas; in MCF-7 and MCF-7AdrVp are in the range of 30.5-50.7 uM.
The concentrations at 3, 5 and 10 uM were selected to study MDR reversing
properties in wild type MXR. It showed that curcumin mixture, and curcumin I, 1l
and I11, were able to sensitize the MXR transfected HEK293 cells to mitoxantrone,
topotecan and SN-38 in a concentration-dependent manner. Similar result was
observed in MXR mutant R482T; 10 uM of curcuminoids increased the sensitivity of
doxorubicin and mitoxantrone. However, the protein level of MXR was not affected
after treatment of the MCF-7AdrVp with 3 and 10 uM of curcuminoids for three
days. This result implies that curcuminoids inhibited the function of MXR but not
expression. The inhibitory effect of curcuminoids on MXR was confirmed by the
findings that curcuminoids inhibit the efflux of MXR fluorescent substrates (bodipy-
prazosin, mitoxantrone and rhodamine 123) in the drug resistant cells resulting in the
accumulation of those substrates inside the cells. This inhibition was comparable to
the inhibition of MXR by fumitremorgin C (FTC), a specific inhibitor of MXR,
indicating a potent inhibitory effect of curcuminoids on MXR function. The direct
interaction of curcuminoids with the MXR transporter was affirmed by the effect of
the curcuminoids on the ATP hydrolysis of MXR. Curcumin mixture, as well as
curcumin 1, Il and I, stimulated the MXR ATPase activity in a concentration-
dependent manner. The concentration of curcuminoids required for 50% stimulation
of MXR ATPase activity was in the range of 4.89- 7.76 nM. Taken together, the data

from this part of the study suggest that the curcuminoids inhibit the functions
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mediated by MXR and, similar with the previous results, curcumin | exhibits the most
effective form to modulate the function of MXR transporter.

In conclusion, the results in this study shows that all three forms of
curcuminoids, curcumin I, Il and Il can inhibit P-gp, MRP1 and MXR function.
Curcumin exhibits the most active form. Further studies with the curcumin | or
curcumin mixture in animal models, and eventually in humans will have to be carried

out to reap the benefits of the studies presented in this thesis.
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