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ABSTRACT

Metastasis is a characteristic of highly malignant cancers with poor clinical
outcome. Tumor cell metastasis is a complex cascade of events, including cells
adhesion, invasion, and angiogenesis. Degradation of extracellular matrix (ECM) by
proteolytic enzymes is a crucial step in tumor metastasis. The key proteases that are
involved in the degradation of the ECM are the urokinase plasminogen activator
(uPA) and matrix metalloproteinases (MMPs). Therefore, to regulate the expression
and activity of ECM degradation enzymes are considered as target for therapeutic
intervention. Curcumin (Cur), a component of turmeric (Curcuma longa Linn), has
been reported to exhibit antimetastatic activity, but the mechanisms remain unclear.
Other  curcuminoid present in  turmeric, demethoxycurcumin (DMC),
bisdemethoxycurcumin (BDMC) and major Cur metabolite, tetrahydrocurcumin
(THC) have not been investigated whether they exhibit antimetastic activity to the
same extent as Cur. In the first set of study, the influence of Cur, DMC and BDMC on
the expression of uPA, MMP-2, MMP-9, membrane Type 1 MMP (MT1-MMP),
tissue inhibitor of metalloproteinase (TIMP-2), and in vitro invasiveness of HT1080
human fibrosarcoma were investigated. The results from the Boyden chamber assay

indicated that the differential potency for inhibition of HT1080 cells invasion was



BDMC=DMC>Cur, whereas the cell migration was not affected. The result from cell
adhesion assay showed that Cur, DMC and BDMC reduced HT1080 cells adhesive to
Matrigel and laminin with difference potency which was DMC>BDMC>Cur.
Moreover, DMC and BDMC at 20 uM reduced the cells adhesion to collagen type IV
but not Cur. Zymography analysis exhibited that Cur, DMC and BDMC significantly
decreased uPA, active-MMP-2, and MMP-9 but not pro-MMP-2 secretion from
HT1080 cells in a dose-dependent manner, in which BDMC and DMC show higher
potency than Cur. Moreover, Cur, DMC, and BDMC also reduced the expression
level of MT1-MMP in HT1080 cells, with DMC and BDMC show higher potency
than Cur. Importantly, Cur, DMC, and BDMC at 10 uM decreased the balance ratio
of MT1-MMP and TIMP-2 which correlated with the result of Cur, DMC, and BDMC
prevented pro-MMP-2 activation. In addition, three forms of curcuminoid
significantly inhibited collagenase, MMP-2, and MMP-9 but not uPA and MT1-MMP
activity. The kinetic of collagenase demonstrated that Cur, DMC and BDMC reduced
collagenase activity by non-competitive inhibition. As THC is commonly know as a
major active metabolite from of Cur in human and rodent. Next investigate, the effect
of THC on HT1080 cells invasion was determined. Treatment with THC at the
concentrations rang of 50-100 uM reduced HT1080 cells invasion and migration in a
dose-dependent manner. THC also decreased the cell adhesion to Matrigel and
laminin. Analysis by Zymography demonstrated that treatment with THC at the
concentrations range of 50-100 uM reduced the secretion levels of MMP-2, MMP-9,
and uPA in culture supernatant of HT1080 cells. Whereas, the expression levels of
MT1-MMP and TIMP-2 proteins were inhibited with THC. On the other hand THC
did not effect on collagenase, MMP-2, MMP-9, MT1-MMP, and uPA activity. It has
been note that the archived dose of THC was higher than Cur. Moreover, the
inhibitory effect of Cur, DMC, BDMC, and THC on the invasion of MDA-MB-231
human breast cancer cells was investigated, and the most potency compound was
selected to further explore the molecular mechanism on antiinvasion affects. The
result from Boyden chamber and Wound healing assay show that Cur, DMC, BDMC,
and THC retarded MDA-MB-231 cells invasion and migration with order being,



vi

DMC>BDMC>Cur>THC. Therefore, DMC was selected to further explore molecular
mechanism of antiinvasion properties. MDA-MB-231 cells were treated with DMC
showed the decreasing the expression level of ECM degradation- associated proteins
including MMP-3, MMP-9, MT1-MMP, uPA, and uPA receptor (uPAR), while uPA
inhibitor (PAI-1) expression was upregulated. Moreover, DMC suppressed the
expression of intercellular adhesion molecule-1 (ICAM-1) and chemokine receptor 4,
(CXCR4), which is involved in breast cancer cells metastasis. The phosphorylation of
PI3K and Akt signaling proteins were inhibited with DMC, whereas it did not affect
the phosphorylation of ERK1/2 and JNK MAPK pathway. Further, treating with
specific inhibitors for PI3K (wortmanin or LY294002) to MDA-MB-231 cells could
reduce the uPA expression. In addition, DMC significantly decreased the nuclear
level of nuclear factor kappa B (NF-«B) and the DNA binding ability of NF-«xB,
which is known to mediate the expression of MMPs, uPA, uPAR, ICAM-1, and
CXCRA4. These results suggested that DMC inhibited MDA-MB-231 cells invasion by
reduction the expression levels of ECM degradation enzymes involving suppression
of PI3K/Akt/NF-«B signaling pathway. In summary, Cur, DMC, BDMC, and THC
suppressed cancer cells invasion with DMC and BDMC show higher potency than
Cur and THC. The inhibition of cancer cell invasion associated with the
downregulation of ECM degradation enzymes and the inhibition of cells adhesion to
ECM proteins. These finding would encourage many ongoing clinical trails of

curcuminoid treatment as a natural adjuvant therapy in cancer treatment.
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