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Cells communicate with each other by gap junctions which are composed of channels that directly
connect the interior of interacting cells. Such junctions are widely distributed in tissues of all animals and
couple the cells both electrically and metabolically by allowing small molecules to pass from the cytoplasm
of one cell into the cytoplasm of another. The presence of gap junctions can be demonstrated mor-
phologically by electron microscopy and functionally by dye transfer, metabolic coupling and electtic
coupling methods. Howerer, the observation of gap junctions in tissues has been limited to electron
microscopy, because the above functional methods are applicable only to the cultured cells. In this study,
we developed an immunohistochemical method for visualization of gap junctions in tissues. Gap junctions
were successfully isolated from rat liver plasma membranes by a combination of NaOH treatment, sonica-
tion and sucrose gradient centrifugation. The isolated gap junctions were morphologically intact, and they
were comprised of a 26,000 protein on SDS-PAGE.

Antibodies to gap junctional protein were raised in mice, and immunostaining was performed using the
antibodies on various tissues including normal, preneoplastic and neoplastic tissues of rodents and humans.
The antibodies reacted to the livers of all the species examined, and to rat kidney, stomach, pancreas and
salivary glands. It was found that there was a significant difference in the number and size of gap junctions
among the tissues. It was noteworthy that the number of gap junctions were markedly décreased in
chemically-induced hyperplastic nodules and hepatocellular carcinomas in rats, indicating that cellular
communication is reduced during carcinogenesis. The results of this study demonstrated that this immuno-
histochemical method is useful in quantitating gap junctions in tissues of various kinds of animals including
humans. (Received November 17, 1987 and accepted January 25, 1988)
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Fig.1 Electron micrographs of thin sections of isolated gap junctions. (a) Gap junctions appear as rings or strands.
Arrows are lysosomal contamination. (%26000)(b) Between two parallel outer layers, two low electron
dense and two high electron dense layers are seen (arrow). Inset is higher magnifiation of a portion of
arrow. (X50000)
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Fig.2 Electron micrographs of negative stain of isolated gap junctions. (a) Arrows show double gap junctional
membranes of interacting cells. (x100000)(b) High magnification of connexons. A channel is seen in the

center of each connexon. (x200000)
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Fig.3 SDS-PAGE of the gap junctional protein
(right). Molecular weight standards (left).

Fig.4 Immunofluorescenes of gap junctions in normal rat liver (a) and pancreas (b). Gap junctions are seen as

fluorescent spots on cellular margin.

Nonspecific staining is seen in the stroma.
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Fig.5 Immunofluorescenes of gap junctions in a hyperplastic nodule (a) and hepatocellular carcinoma (b) of rats.
The number of gap junctions is markedly decreased in the nodule and hepatocellular carcinoma as compared
to the surrounding hepatic tissue (S).

Table 1 The number of GJ per one cell in normal tissues, hyperplastic nodules and hepatocellular

carcinoma in rat.

Normal Tissues

) Hyperplastic Hepatocellular
Liver Pancreas Kidney Stomach Szllgvr?dry nodules carcinoma
The number of GJ
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