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ABSTRACT

Leukemia is a group of diseases involving the deficiency of blood-forming
organs, and is characterized by the uncontrolled increase of white blood cells. It
commonly occurs throughout the word. Wilms’ tumor 1 (WT1) protein is highly
expressed in leukemic blast cells of myeloid and lymphoid origin. Thus, WT1 gene
expression is used as a biological marker for leukemia detection and monitoring

disease progression. The WT1 protein has four isoforms: WT1 +/+, +/-, -/+, and -/-.
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Chemotherapy has been the most commonly used in the treatment of leukemia.
However, it causes numerous side effects with patients. Currently, alternative
treatments with natural products are being studied in an attempt to gather new
information in the treatment of leukemia. Interestingly, previous studies have shown
that pure curcumin could inhibit both WT1 mRNA and WT1 protein levels in
leukemic cell lines. However, the inhibitory mechanism of pure curcumin to
downregulate WT1 gene expression is at this point, still unclear. The purpose of this
study was to identify the inhibitory mechanism of pure curcumin on the WT1 protein
signaling pathway in a K562 cell model and to investigate the effect of pure curcumin
on WT1 isoforms in transfected U937 cells. This study firstly showed that
suppression of WT1 mRNA and protein expression by pure curcumin was distinctly
independent of the degradation process by use of actinomycin D, a mRNA synthesis
inhibitor and cycloheximide, a protein synthesis inhibitor. Moreover, the testing of the
proteasome inhibitor (MG132, EGCG, and lactacystin) supported that pure curcumin
suppressed WT1 protein expression in a manner independent of the proteasome
pathway. The next experiment was focused on the effect of the pure curcumin on the
signaling pathway using a human-phospho kinase protein array technique. The result
showed that pure curcumin strongly decreased phosphorylation of JNK pan
(T183/Y185, T221/Y223) and c-Jun (S63). Pure curcumin suppressed PKCa
activation by Western blot analysis. These results were also supported by PKCa
inhibitor treatment which decreased both WT1 mRNA and protein levels in K562
cells. Conversely, myristorylated PKCa. overexpression increased WT1 levels and
then reversed the inhibitory effects of pure curcumin. This experiment also

investigated other molecules upstream and downstream of PKCa related to the



regulation of WT1 gene expression using specific protein kinase inhibitors. It was
indicated that the downregulation of WT1 gene expression by pure curcumin involved
PI3K, PKCa, MEK, JNK and c-Jun pathways. The PI3K is upstream of PKCa,
whereas MEK and JNK are downstream. The ChIP and reporter gene assay
demonstrated that pure curcumin affected the WT1-DNA binding. The WT1
promoter mutation distinctly indicated that the WT1 binding site is required for WT1
reporter activity. Importantly, pure curcumin suppressed exogenous WT1 +/+ protein
in dose and time dependent manners in transfected U937 cells. The inhibitory
mechanism of pure curcumin on exogenous WT1 +/+ protein involved protein
degradation, unlike pure curcumin regulation of endogenous WT1. This was
supported by MG132, which reversed WT1 protein suppression after pure curcumin
treatment. The decrease of exogenous WT1 +/+ protein by pure curcumin was
absolutely independent from the pCMV promoter activity in pcDNA3.1 vector
containing WT1 isoform gene sequences. Moreover, exogenous WT1 +/+ protein
expression was inhibited by PKC inhibitor (GF109203x) suggesting that pure
curcumin decreased the exogenous WT1 +/+ expression in transfected U937 cells via
PKC during post-translational processing. Thus, the decrease of WT1 +/+ protein in
transfected U937 cellsrelated to post-translation processes. In conclusion, the
inhibitory mechanism of pure curcumin on WT1 gene expression in K562 cells were
distinctly associated with PI3K, PKCa, MEK, JNK and c-Jun proteins that
demonstrate the novel WT1 protein signaling pathway upstream of WT1 transcription
factor. The pure curcumin affected both of WT1 protein-promoter binding and WT1
promoter activity which led to decreased WT1 mRNA and protein levels in K562

cells. WT1 +/+ protein was the exogenous isoform that was suppressed by pure



curcumin via protein degradation linked to the PKC pathway in transfected U937

cells.
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