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I. SUMMARY OF PROGRESS TO DATE

The first three years of this grant were to validate the
hypothesis that modulation of gap junctional intercellular
communication by various chemicals could explain, in part, their
mechanism of toxicity. Included in that effort was the need (a)
to develop various in vitro cell model systems; (b) to develop new
techniques to measure gap junction function; and (c) to test if
various known toxicants (i.e., neurotoxicants, tumor promoters,
reproductive toxicants) blocked gap junction function.

During the first year, we have continued to expand on the
previous progress of the second phase of this grant (year 4) (..i±n
the in vitro cell system; "FRAP analysis, scrape-loading/dye
transfer techniques) to study the molecular/ biochemical mechanisms
by .'hich chemicals block cell-cell communication and to develop new:
in vitro/in vivo models to study the biological consequences of
stably-inhibited gap junctions using genetic mutants for gap
junction function and oncogene-down regulated gap junctions.

Hopefully, the significance of this line of research will help
understand how toxicant chemicals work, as well as help to develop
in vitro alternatives to animal toxicity tests.

Specific Aims

Aim 1. We have now characterized a human kidney cell line for
its ability to perform gap junction function. The
rationale is to determine if there are species/organ
specific chemical inhibitors of gap junction function.
Paper has been submitted and accepted for publication in
In Vir Toxicoloy, (see enclosed preprint).

Aim 2.

1. In order to see how oncogenes might affect intercellular
communication, we have transfected/infected with retro-
viruses,several cell lines. Several new j viLx./in vivo
model systems are being developed.

A. Rat liver "oval" or epithelial cell line, infected
with ras, metallothione in promotable ras, raf, and
neu oncogenes have been isolated or partially
characterized. All of these have reduced gap
junction function and form tumors in the liver, in
the syngeneic rats within weeks, whereas the normal
communication-proficient cells do not.

In collaboration with Dr. Mike Lieberinann,
University of Baylor School of Medicine, we have
studied a metal promotable H-Ras transfected into
a rat liver epithelial cell. The cell is normal,
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non-tumorigenic and gap junction proficient when
not exposed to zinc (a metal that turns on the ras
oncogene). When exposed to zinc, cell communication
is reduced, cells become transformed and
tumorigenic. We are in the final phase of
characterizing these cells (see enclosed data
showing how expression of the Harvey ras oncogene
is correlated with down regulation of cell-cell
communication. Paper will be prepared soon.

We have also made a major advance in understanding
the role of the Harvey-ras oncogene in blocking
intercellular communication in both rat liver and
Chinese hamster cells. In both cases, the
activation of the H-ras oncogene in communicating,
non-tumorigenic cells caused them to have reduced
communication and to become tumorigenic. One paper
has -ecently appeared in Molecular Carcinogenesis
and the other is now accepted for publication in
Molecular Carcinogenesis. This latter work is
significant in that it row sets the stage for the
development of an in vitro.oin vivo model system
(which, if successful, might help eliminate the need
for animal testing for liver tumors). (Manuscripts,
enclosea].

Most significantly, a normal rat glial line has been
transformed with the neu oncogene (derived from a
human neuroblastoma). These cells also had reduced
cell-cell communication and when surgically inserted
into the rat brain, gave rise to tumors in 3 months.
Both of these in vitro oncogene-down regulated gap
junction cell lines now provide the basis for
developing and in vitro/in vivQ system to study how
chemicals, by either up regulating gap junctions
will prevent cancers of the liver or brain (or other
gap junction-related disease) or down regulating the
gap junctions to cause the diseases. An abstract
has been submitted to the upcoming Society of
Toxicology meeting (see enclosed Abstract].

Most significantly, we have now shown that the "raf"
oncogene, transfected into the rat liver cell line,
also down-reguiates cell-cell communication and
causes these non-tumorigenic. We are presenting
these data to the upcoming Society of Toxicology
meetings and wLLl have a manus:ript for publication
shortly (see enclosed Abstract].

More work on specific chemical inhibitors of these
oncogene produces (i.e., Schafer at al, $g
245:379-385, 1989) could lead to therapies to
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prevent certain chemical or oncogene induced cancers
(or other toxic endpoints).

Aim 3. We have set up the protein kinase C assay to test if
certain neurotoxicants and tumor promoters which inhibit
intercellular communication in human kidney cells act by
activating protein kinase C. This work is still
progressing.

Aim 4. In order to continue to validate the hypothesis that
chemical toxicants act by inhibiting gap junction
function, we have taken a human reproductive toxicant,
gossypol, and have shown it to inhibit gap junctic:.
function in rat leydig, but not rat liver cells. This
shows cell type specificity of a reproductive toxicant.
This paper is now in press, in Fund. A_•. Toxicol. [see
enclosed].

Ain. 5. As of the moment, we need antibodies to identify which
of several gap junction proteins are expressed in certain
cell types, as well as in normal, premalignant and
malignant cells. Within the next four months, we should
have two antibodies to the liver (connexion 32) and the
heart (connexion 43) gap junctions. This will enable us
to do phosphoryla-tion studies by immuno precipitation
of gap junctions in cells treated with chemicals which
might down-regulate gap junctions by activating protein
kinase C. This is now one of our major projects. Since
producing and characterizing gap junction antibodies
having specificity is difficult and time-consuming, it
will be another 6 months before we can hope to use them
for experimental purposes.

Aimn . We now have isolated 18 mutants of the rat liver
epithelial cell line which do not have gap junctional
communication. These ger-tic mutants should be
invaluable for identifying the genes that code for the
structure, assembly, function and regulation of gap
Junctions. Two of these lines when put back into the
liver gave rise to tumors. They will also be great
d for "gene therapy" by transfection with the three
gap junction genes which we now have We are in the
process of putting these gap junction genes into
expression vectors in order to transfect the gap junction
deficient calls.

We will also start to probe these 18 mutants for the
presence or absence of any or all ot these gap junction
gene products. A preliminary characterization of these
cell lines has been submitted for publication. Tho
publication has boin provisionally accepted for
puolication. we are now doing an additional experiment
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to satisfy the reviewers.
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