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Resistance of cancer cells to drug treatment is a major problem in cancer therapy. The
platinum-based drug cisplatin (cis-diamminedichloroplatinum(II)) is a widely used anticancer
drug introduced more than 20 years ago which acts mainly by forming adducts with DNA that
cause the induction of apoptosis. However, some types of cancer have high intrinsic resistance
to cisplatin; in addition, resistance to the drug frequently appears in initially responsive tumors.
The mechanisms of resistance to cisplatin are the subject of intense study because their
elucidation will lead to the development of better, more effective treatments for cancer.

A model of cisplatin resistance is provided by the cisplatin-resistant KB (KB/CP4) cell line,
which is derived from human KB epidermoid cancer cells. It was found previously that activity
of the volume-sensitive, outwardly rectifying (VSOR) chloride channel is virtually absent in
these cells. Because VSOR chloride current activation is known to be essential to the
progression of apoptosis, it was hypothesized that the absence of the current contributes to the
cisplatin resistance of these cells.

An attempt was first made to determine the molecular identity of the VSOR chloride channel
or a regulator of it. A strategy for identifying the molecule(s) was suggested by the fact that the
KB/CP4 cell line, unlike the KB cell line from which it is derived, does not express volume-
sensitive chloride current. Using a subtractive hybridization method, candidates for
differentially expressed genes were identified. With semi-quantitative RT-PCR, seven genes
were confirmed as being expressed at a higher level in KB cells than in KB/CP4 cells; five of
these were genes which had been identified by subtractive hybridization. The genes confirmed
as having higher expression in KB cells were lactate dehydrogenase A (LDHA), S100 calcium
binding protein A4 (S100A4), thymosin ,,4 (TMSB4X), argininosuccinate synthetase (ASS),
placental alkaline phosphatase (ALPP), folate receptor 1 (FOLR1) and GPI-specific
phospholipase D1 (GPLD1). All of these genes, except for ALPP, were then cloned into
expression vectors and overexpressed in KB/CP4 cells to determine if they could restore VSOR
chloride current expression. The overexpression of these genes did not result in restoration of
the current in KB/CP4 cells, however.

Because VSOR chloride current could not be restored in KB/CP4 cells by gene overexpression,
treatment with drugs that remove gene silencing was tested in an attempt to restore the current.
Epigenetic changes which alter chromatin structure--gene promoter methylation and histone
deacetylation, in particular--are known to cause inhibition of gene expression, and could
potentially contribute to the silencing of genes in KB/CP4 cells. 5-aza-2'-deoxycytidine (Aza-
dC) is a drug that reverses DNA methylation by inhibiting DNA methyltransferases, and
trichostatin A (TSA) is a drug that reverses histone deacetylation by inhibiting histone
deacetylases (HDACs). In KB/CP4 cells treated with Aza-dC, a volume-sensitive chloride
current was not induced; however, it was found that the current could be induced in cells treated
with TSA. This current was confirmed as VSOR chloride current based on its volume sensitivity,

intracellular ATP dependency and sensitivity to two blockers, 4,4'-diisothiocyanatostilbene-2,2'-
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disulfonic acid (DIDS) and phloretin. It was found that in addition to this phenotypic change in
the expression of VSOR chloride current, alterations in the expression of some genes occurred
due to TSA treatment. As assessed by semi-quantitative RT-PCR, two genes previously
identified as differentially expressed in KB and KB/CP4 cells, FOLR1 and GPLDI1, were
upregulated in TSA-treated KB/CP4 cells.

The effects of restoration of VSOR chloride current on cisplatin resistance in these cells were
checked by a cell viability assay and caspase-3 activity assay. The viability of cells treated for
48 h with both TSA and cisplatin decreased to a greater extent than that of cells treated with TSA
alone, and this decrease could be blocked by treatment with DIDS. Moreover, simultaneous
treatment with both TSA and cisplatin for 24 h was found to induce apoptosis in this cisplatin-
resistant cell line: caspase-3 activity in cells treated for this length of time with both drugs was
elevated compared to that in cells treated with TSA alone. This increase in caspase-3 activity
could also be blocked by DIDS. These results demonstrate that cisplatin resistance in KB/CP4
cells treated with the HDAC inhibitor TSA decreases as a result of an increase in apoptosis, at
least in part; in other words, TSA caused a sensitization of the cisplatin-resistant tumor cells to
cisplatin-induced apoptosis. It is thus suggested that the activity of the VSOR chloride channel
is essential for the TSA-induced increase in apoptosis.

In conclusion, this study provides evidence that the absence of VSOR chloride channel
activity contributes to cisplatin resistance in a cisplatin-resistant KB cell line, and that restoration
of VSOR chloride current in these cells is involved in sensitization to cisplatin-induced apoptosis
in this tumor cell line. The identities of genes involved in the functioning of the channel remain
to be clarified.
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LEE ROBTAHRETIE, TN ETeNRF EEMIREEOMIZE CHS KB Miztiy
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