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Copper, an essential transient element, can be toxic to cells when present in excess. Altered cop-
per homeostasis is involved in pathological events of many diseases. Human CUTA isoform?2 is
a member of cation tolerance protein (CutAl) family. In this study, we examined the effect of
CUTA isoform2 overexpression on copper toxicity. It was shown that overexpressed CUTA iso-
form2 sensitized HeLa cells to copper toxicity by promoting copper-induced apoptosis. The inhi-
bition effect of excessive copper on cell proliferation was also enhanced by overexpressed CUTA
isoform2. So CUTA isoform2 was implicated to be involved in the cytotoxicity of copper.
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INTRODUCTION

Excessive copper can damage lipids and
proteins (Gunther et al., 1995; White et al., 1999;
Urbanski & Beresewicz, 2000) and induce oxida-
tive stress in cells. The toxicity induced by cop-
per imbalance is thought to be involved in the
pathological events of many neurodegenerative
diseases such as Alzheimer’s disease, Parkinson’s
disease, amyotrophic lateral sclerosis and prion
disease (Butterfield & Boyd-Kimball, 2004; Poon et
al., 2004). Proteins such as amyloid precursor pro-
tein (APP) and prion protein, associated with these
diseases displayed copper-binding capability. The
cytotoxicity of copper has been used in cancer che-
motherapy. Copper-based drugs called casiopeinas
exhibit higher antineoplastic potency than cisplatin
in in vitro and in vivo studies of several tumor cell
lines (De Vizcaya-Ruiz et al., 2000). Thus the inves-
tigation on molecular mechanisms of copper toxic-
ity will be important for understanding its role in
disease progression and in cancer therapy.

The human CUTA gene has five variant tran-
scripts encoding three isoforms with different amino-
terminal sequences. CUTA isoform2 (gi: 62526022)
with the shortest amino-terminal sequence has been
implicated in anchoring acetylcholinesterase to
the cell surface (Navaratnam et al., 2000; Perrier et
al., 2000). However, the CUTA isoform2 has a con-
served CutAl domain, which is characteristic for the
CutAl family proteins. CutAl protein is widespread
in bacteria, plants, and animals, including humans,
and was originally identified in a gene locus of Esch-
erichia coli called cutA involved in copper tolerance.
Molecular genetic studies on the E. coli cutA locus
showed that some mutations lead to copper sensi-
tivity due to its increased uptake (Fong ef al., 1995).
However, the special function of CutAl in E. coli is
still unknown. Recently, it was reported that many
CutAl proteins had copper binding capacity (Arne-
sano et al., 2003; Burkhead et al., 2003; Tanaka et al.,
2004). Intriguingly, copper could induce reversible
aggregation of CutAl protein in Pyrococcus horikoshii
(Tanaka et al., 2004). CUTA isoform2, human CutAl
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protein, has the conserved CutAl domain, so there
seemed to be a link between CUTA isoform2 and
copper homeostasis. In this work, we examined the
effect of CUTA isoform2 overexpression on copper
toxicity.

MATERIALS AND METHODS

Cell culture. CUTA isoform2 stable trans-
formed HeLa cells and control cells were construct-
ed previously (Yang et al., 2007). Briefly, the coding
sequence of CUTA isoform2 gene (AF106943) was
cloned and inserted into pcDNA3.1 vector. The sta-
bly transformed HeLa cells were selected by G418
resistance. The HeLa cells stably transfected with
CUTA isoform2 were named HeLa-CUTA, while the
control cells were named HeLa-vector.

Semiquantitative reverse transcription-PCR.
The total nuclear RNA was isolated from the HeLa
cells by Trizol, and reverse transcribed into the first
strand ¢cDNA using SuperScript™ III first-strand syn-
thesis system kit (Invitrogen, USA). Equal amounts
of cDNA template were used in the subsequent PCR
with primer 1 (5'-taagaattcatgccggegetgetgectg-3)
and primer 2 (5'-gcaaagctttggcaggactgtgatagagtc-3”)
for CUTA gene, primer 3 (5'-atgagtatgcctgcegtgt-
gaac-3') and primer 4 (5'-tgtggagcaacctgctcagatac-3”)
for B,-microglobulin (B2M) gene. Twenty microlitres
of each PCR product was separated on a 2% agarose
gel and detected by ultraviolet light.

Cell survival by MTT assay. The MTT colori-
metric assay (Promega, USA) was used to assess the
sensitivity of the cells to copper toxicity. Exponen-
tially growing cells were trypsinized and harvested.
Then cells of equal numbers in 100 pl of medium
were inoculated into each well of a 96-well micro-
plate. After incubating overnight, the solution con-
taining CuSO, was added to the cultures, and they
were incubated for the indicated time. Surviving
cells from each well were treated with 120 pl/well
MTT reagents two hours prior to harvest. Absorb-
ance at 570 nm was recorded using an enzyme-
linked immunosorbent assay plate reader.

Cell proliferation assay. The stably trans-
formed HeLa cell lines were seeded in 96-well plates
at a density of 600 cells per well. After 24 h of in-
cubation the medium was replaced with the normal
medium or medium containing CuSO,. Cell prolifer-
ation was determined from day 1 to day 5 by MTT
cell viability assay.

Apoptosis analysis. The stably transformed
HeLa cells were dispensed into 6-well plates (4 x 10*
cells per well) and treated with appropriate con-
centration of CuSO,. After indicated time of CuSO,
treatment, cells were harvested, washed twice with
PBS (pH 7.4), resuspended in 1 x staining buffer, and

stained with Annexin V-PE and 7-AAD for 15 min
according to the manufacturer’s protocol (BD Bio-
sciences®, USA). Fluorescence was measured with
bandpass 620/22 and 575/24 nm filters by BD FACS-
Canto™ flow cytometer and the extent of apoptosis
was determined.

Statistical analysis. Data were statistically
tested using the ¢ test for independent samples (Ex-
cel; Microsoft, Redmond, WA, USA).

RESULTS AND DISCUSSION

Copper is highly toxic when it exceeds cel-
lular needs and accumulates in the cell. In order
to examine the role that human CUTA isoform2
plays in copper toxicity, we used two stable cell
lines HeLa-vector and HelLa-CUTA, which had been
constructed and maintained previously (Yang et al.,
2007). The overexpression of CUTA in stable cells
was confirmed by RT-PCR. The cDNA was obtained
and used as a template for PCR amplification. The
primer used in PCR amplification targeted the se-
quence located in the open reading frame of CUTA
isoforms. As shown in Fig. 1, although a specific
fragment corresponding to CUTA cDNA could be
detected in both HeLa cell lines, HeLa-CUTA cells
showed increased accumulation of CUTA-specific
mRNA compared to the control cells because of the
foreign CUTA gene expression. As a native control,
equal quantity of cDNA corresponding to the B2M
gene was detected in two cell lines. CUTA isoform?2
was found to be overexpressed in HeLa-CUTA cells.
The overexpressed CUTA isoform2 protein in HeLa-
CUTA was tested by anti-Myc antibody previously
(Yang et al., 2007).

To analyze the effect of CUTA isoform2
overexpression on cytotoxicity induced by exces-
sive copper, the difference in susceptivity to cop-
per toxicity between the two stable cell lines was
compared by examining the dose-response of the

Figure 1. Overexpression of CUTA isoform2 in stable
cells assessed by RT-PCR.

RNA extracted from HeLa-CUTA or HeLa-vector cells was
used for RT-PCR. The specific primers were used to am-
plify the cDNA of CUTA or ,-microglobulin (B2M) gene.
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Figure 2. The cell viability decreased by excessive cop- —+— HeLa-vector
per. L —o— HeLa-CUTA
HeLa-vector and HeLa-CUTA cells were grown in com- £
plete medium or medium to which CuSO, was added. %’
Cell viabilities were determined by MTT assay following 2
3-day incubation in the presence of Cu?". Each sample was 2
prepared in six repeat wells. Percent survival was deter- 5;
mined from the number of cells grown in copper-added
medium as compared to the same cell line grown in me-
dium without Cu?, expressed as 100%. *Significant differ-
0 1 2 3 4 5

ence in cell viability (P <0.01).

two cell lines to copper (Fig. 2). In this dose-re-
sponse assay, both HeLa-CUTA cells and the con-
trol HeLa-vector cells showed decreased cell vi-
ability with enhanced copper concentration. How-
ever, the percentage of decrease in cell viability
in HeLa-CUTA cells was significantly higher than
that of HeLa-vector cells. So HeLa-CUTA cells
had a significantly lower percentage of cell vi-
ability than that of the control cells under CuSO,
concentrations (300, 400, 500 pM) (*P <0.01). This
suggested that overexpression of CUTA isoform2
sensitized the HeLa-CUTA cells to copper toxicity.
Overexpression of CUTA isoform2 also sensitized
the cell to the toxicity from manganese and zinc
(not shown). It seems that the function of CUTA
isoform2 is universal to the divalent cation. To
further characterize cell death when the cells were
exposed to copper, the differences in apoptosis
between HeLa-CUTA and HeLa-vector cells were
examined. Quantification of dose and time depen-
dency was done by monitoring the percentage of
apoptotic cells (Fig. 3A, B). A remarkable increase
of apoptosis cell percentage was observed in
HeLa-CUTA cells with the increased copper con-
centration and prolonged time of treatment. Com-
paratively, the increase of apoptosis cells percent-
age is not so evident in the control HeLa-vector
cells. These data showed that exposure to exces-
sive copper resulted in more apoptotic cell death
in HeLa-CUTA cells than in the controls. CUTA
isoform2 overexpression promoted the copper-
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Figure 3. Copper-induced apoptosis detected by Annexin
V-PE/7-AAD staining.

The stably transformed HeLa cells were treated with
CuSO,. Then Annexin V-PE/7-AAD staining followed
by flow cytometry was performed to determine levels
of apoptosis in response to copper treatment. (A) Dose-
response curve for induction of apoptosis by copper in
HeLa cells. Cells were incubated for 4 days in culture me-
dia plus various amounts of CuSO, before apoptosis assay
by flow cytometry. (B) Time-response curve for induction
of apoptosis by copper in HelLa cells. Stably transformed
HeLa cells were incubated with 250 uM CuSO,, and then
the apoptosis assay of the cells was performed on the in-
dicated time. At each time or concentration point three
repeat wells were measured. *Significant difference in cell
apoptosis (P <0.05).

induced apoptosis and then sensitized the HeLa
cells to copper toxicity.

Excessive copper could not only decrease the
cell viability but also inhibit the rate of cell prolif-
eration. To compare the effect of excessive copper
on cellular growth rates, the cell growth curve of
HeLa-CUTA and HeL-vector cells was assessed by
MTT assay in the absence or presence of copper.
As shown in Fig. 4, medium containing a low con-
centration of copper hardly affected the cell growth
compared to the normal medium. Under this cul-
ture condition, HeLa-CUTA cells showed a similar
growth rate to that of HeLa-vector cells. However,
treatment with 200 and 250 uM CuSO, obviously
suppressed cell growth in both cell lines. At these
copper concentrations, we could see the prolifera-
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Figure 4. Cell proliferation measured by MTT assay.
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The two cell lines of HeLa-CUTA and HeLa-vector were cultured with normal medium or medium containing different
concentrations of CuSO, (100, 200, 250 uM). Cell proliferation was monitored by MTT cell viability assay from day 1 to
day 5. Each data shown in the figure was expressed as the mean value with the standard error of six repeat wells.

tion rate of HeLa-CUTA cells was significantly low-
er than that of the controls by comparing the slope
of the growth curve in the log phase. Furthermore,
the growth curve slope of HeLa-CUTA cells became
negative when the cells had been incubated with 250
uM CuSO, for 3 days. This indicated that CUTA iso-
form?2 overexpression in HeLa-CUTA cells enhanced
copper-induced inhibition of cell growth.
Overexpression of CUTA isoform2 not only
sensitized HelLa cells to copper toxicity but also en-
hanced copper-induced inhibition of cell prolifera-
tion. So CUTA isoform2 was implicated as playing
important role in copper toxicity. The study will be
useful for further analysis of the mechanism under-
lying copper toxicity. Furthermore, AChE, which
had been implicated to be anchored in neuron mem-
brane through CUTA isoform2, is a component of
senile plaques of Alzheimer’s disease and forms
a stable complex with other components through
its peripheral anionic site (Small et al., 1996; Soreq
& Seidman, 2001; Greenfield & Vaux, 2002). Thus
it seems that there is an intriguing link between

CUTA isoform2 and Alzheimer’s disease. Our study
will also be helpful for the investigation on the role
copper toxicity plays in Alzheimer’s disease. In ad-
dition, the expression of CUTA isoform2 in cancer
will be an important instrument for cancer chemo-
therapy based on copper toxicity since overexpres-
sion of CUTA isoform2 could sensitize the cells to
copper toxicity.
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