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Abstract

Acute myeloid leukemia (AML) is an aggressive and heterogeneous disease
characterized by the abnormal proliferation and impaired differentiation of the early

myeloid cells. For most AML patients, outcome remains poor with high relapse rates.



The major reasons for the failure of AML chemotherapy are treatment related mortality
(TRM) and chemoresistance, often resulting from the overexpression of ATP binding
cassette (ABC) transmembrane proteins, particularly ABCB1, ABCG2 and ABCC1. These
proteins are known to efflux an array of chemicals, including anticancer
chemotherapeutics. Increased expression of ABCB1 has been shown to be an
unfavorable prognostic factor, significantly affecting the complete remission (CR) and
overall survival (OS) in AML. A number of inhibitors of the ABCB1 efflux pumps have
been developed over the years, but at the clinical level they had disappointing results.
Therefore, there is a need for the discovery of newer agents that are safe and effective
in reversing clinical drug resistance in AML.

The key focus of the present work was to profile the molecular determinants of
Adriamycin (Adr) resistance and employ novel strategies to restore chemosensitivity in
AML. In this regard, we first developed AML cell lines — K562/Adr200 and K562/Adr500,
with varying levels of Adr resistance. These cell lines also displayed multi-drug resistance
(MDR). Comparative genomic hybridization (aCGH) and transcriptome profiling by
microarray revealed amplification of the genomic region and subsequent upregulation
of ABCB1 gene expression as the underlying mechanism of the observed MDR. ABCB1
overexpression was further confirmed by quantitative real time PCR (qRT-PCR) at the
MRNA level and western blot analysis at the protein level.

Next, we screened the classical mTOR inhibitors (rapalogs) i.e. rapamycin, everolimus,
temsirolimus, ridaforolimus and the mTOR kinase inhibitors such as PP242, WYE-354,

CZ415, along with the dual PI3K/mTOR inhibitor PKI-402, for their ability to modulate



ABCB1 transporter activity based on the efflux of rhodamine 6G (R6G), a florescent
substrate of ABCB1. All the inhibitors, except PP242, potently blocked ABCB1 mediated
R6G efflux in K562/Adr200 cells. Followed by the preliminary screening and based on
the intrinsic cytotoxicity of the inhibitors, we investigated the role of rapalogs and
WYE-354 in reversing MDR induced by ABCB1 in-vitro. Cellular mechanisms such as cell
cycle arrest and apoptosis were additionally characterized.

Rapamycin, everolimus, temsirolimus, ridaforolimus and WYE-354 effectively
resensitized MDR leukemic cell lines to Adr, at sub-cytotoxic concentrations. Our results
show that the rapalogs and WYE-354 are potent substrates of ABCB1, stimulating
ABCB1-ATPase activity in a concentration dependent manner. Docking analysis revealed
a highly negative binding score for all the rapalogs and WYE-354 to the human ABCB1
(hABCB1) mouse homology model, indicating their strong interactions with the ABCB1
protein. The results were further validated ex-vivo wherein addition of everolimus, a
clinically approved rapalog, increased Adr toxicity in primary AML samples that showed
higher ABCB1 expression.

These findings clearly highlight the immense clinical significance of combining mTOR
inhibitors, particularly rapalogs, with chemotherapeutic agents to overcome ABCB1

mediated MDR in AML.



