


A NICKEL "SPECIFIC" GENE

organs from rats treated in vivo with nickel, suggesting that its
induction by nickel is a general phenomenon and not tissue or cell
specific. De novo mRNA and protein synthesis were essential for the
induction of the Cap43 gene: Cap43 mRNA was elevated about 6-8

h alter nickel exposure. Cap43 induction by nickel was completely
inhibited by pretreatment with actinomycin D and partially inhibited
by cycloheximide. The protein synthesis inhibitor cycloheximide
alone, however, slightly induced Cap43 expression. There are two
possible explanations for the effects of cycloheximide. Inhibition of
cellular protein synthesis may block the synthesis of a repressor for
this gene, or it may just be a nonspecific response of cells to cyclo
heximide treatment; similar examples of mRNA induction by cyclo
heximide have been observed for other genes, such as the insulin
receptor or the inducible isoform of nitric oxide synthase (35. 36).

It has been suggested that metals are important factors in gene
expression and may be significant in signal transduction and gene
activation or as components of regulatory proteins. The possible
cellular pathways of nickel interactions that could lead to Cap43
expression were explored. The involvement of the following major
signal transduction pathways was examined: (a) the adenylate cyclase
cascade that leads to an increased level of cyclic AMP and activation
of protein kinase A (37); (b) the calmodulin-dependent pathway (38);
and (r) the two major oncogenic pathways (the Jak-Stat pathway and
the mitogen-activated protein kinase cascade), which are controlled by

tyrosine phosphorylation (39, 40). Surprisingly, none of these path
ways was found to be involved in Cap43 induction. The lack of Cap43
induction by dbcAMP indicated that Cup43 induction by Ni was not
likely mediated by elevation of cAMP levels and PKA activation.
Similarly, the trifluoperazine data indicated that Cap43 induction by
nickel was not mediated by calmodulin activation. To assess the
involvement of tyrosine phosphorylation, two different approaches
were used. A tyrosine phosphatase inhibitor, sodium vanadate, was
used and found to have no effect on Cap43 expression, and Western
blots of total cellular proteins were probed with an anti-phosphoty-

rosine antibody. The Western blot results indicated that there were no
significant differences between untreated and nickel-exposed A549

cells in levels of tyrosine phosphorylated proteins (data not shown).
Okadaic acid, a serine/threonine phosphatase inhibitor, induced
Cap43 expression more rapidly and more efficiently than nickel,
suggesting that it acted more directly in a signaling pathway. These
data indicated that serine/threonine phosphorylation may be a signal
transduction pathway controlling the Cap43 gene; however, the pro
tein kinase involved in Cap43 induction has not been identified. These
results are consistent with studies showing that nickel-elevated free
intraccllular Ca21 levels and Cap43 induction by nickel was blocked
with the Ca2 + chelator bis-(O-aminophenoxy)-ethane-A',A'./V',/V'-tet-
raacetic acid tetra! acetoxy methyl (-ester (22, 30), and that a Ca2+

ionophore also strikingly induced Cap43 (22).
A Cap43 homologue, the human RTF gene, was recently cloned by

another research group based upon its homocysteine inducibility in
human umbilical cord vein cells (HUV-EC-C; Ref. 25). The Cap43
gene was also induced by homocysteine in HUV-EC-C cells but not

in any other human cell line tested. In contrast, nickel induced Cap43
expression in all cell lines tested. The agents that presumably increase
intracellular homocysteine levels, such as homocysteine itself, and
homocysteine-thiolactone were unable to induce Cap43 expression in

A549 cells. In addition, the antifolate drug amethopterin, which pre
vented remethylation of homocysteine to methionine by methionine
synthase, was also found to have no effect on Cap43 expression. To
examine whether uptake of homocysteine was normal in A549 cells,
the intracellular concentration of homocysteine was measured in nick
el- or homocysteine-treated A549 cells by high-performance liqui
chromatography (data not shown). The high-performance liquid chro-

matography data indicated that both nickel and homocysteine treat
ments increased intracellular homocysteine levels, and thus the lack of
Cap43 induction by homocysteine was not due to a defect in homo
cysteine uptake by A549 cells.

We found that the Cap43 gene was conserved in different species
including mouse, rat. hamster, and human. It was ubiquitously ex
pressed in all of the human organs tested, including brain, heart, liver,
lung, kidney, placenta, skeletal muscle, and spleen. In the rat. the
Cup43 gene was also constitutively expressed in all of the organs
tested. The observed high basal levels of the Cap43 gene in human
organs compared with that in rat organs was due to the high sensitivity
of the poly(A) RNA used in the human Northern assay. Because the
Cap43 gene was highly conserved between humans and rodents, it
was likely to have important cellular functions. Recently, when this
gene was cloned independently by a group from the Netherlands (24),
it was found to be a differentiation marker for colon epithelium, and
its expression was lost or decreased in 17 colon adenocarcinomas.
These findings indicated that the Cap43 gene was relevant in studying
the molecular mechanisms of carcinogenesis, and it was possible that
Cap43 was lost or underexpressed in other tumors.

The role of the Cap43 gene in whether nickel is essential, as well
as the toxicity of nickel, is not clear. Kumar et al. (41) presented
evidence for a new biological role of nickel in anaerobic bacteria
through the formation of a methylnickel intermediate in carbon mon
oxide dehydrogenase. which is a metalloenzyme. It is still unclear
whether the same mechanism is operative in mammalian cells, be
cause in mammalian systems similar metalloenzymes have not yet
been identified, and whether nickel is essential has not been estab
lished. Therefore, at present it is difficult to investigate whether the
Cap43 gene plays a role in the nickel as an essential element.

In conclusion, the Cap43 gene was cloned using an acute exposure
of A549 cells to nickel. In vitro human cells originating from the lung
showed the highest levels of Cap43 expression in response to nickel
compounds. Serine/threonine phosphorylation was shown to be in
volved in Cap43 expression. Other studies from our laboratory have
shown that nickel exposure elevated free intracellular Ca24, and this

elevation was the direct signal for Cap43 induction (22). It is also of
interest that both water-soluble and relatively insoluble nickel com
pounds induced Cap43 equivalently because water-insoluble com
pounds produced much higher levels of intracellular soluble Ni2+
after 24 h of exposure (9). These results suggest that Ni24 ions may
be acting extracellularly at a Ca2+ sensing site on the membrane to
affect an increase in free intracellular Ca2H. The finding that Cap43 is

a differentiation marker in colon epithelium and is down-regulated in

colon cancer makes it an interesting candidate for studies of molecular
mechanisms of nickel carcinogenesis (24).
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