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Loss of ICG uptake in the process of rat
hepatocarcinogenesis correlates to the

disappearance of glutathione-S-transferase
alpha subunit.∗

Liu Ling, Toshihiro Higashi, Shigeki Tsuchida, Kiyomi Sato, and Takao Tsuji

Abstract

Reduced indocyanine green (ICG) uptake is one of the functional changes of human hepato-
cellular carcinoma (HCC). To clarify the mechanisms of loss of ICG uptake, and determine which
subunit of glutathione-S-transferase (GST), alpha or pi, plays a role in ICG transport in hepato-
cytes, an experimental HCC model was developed that used nodules induced by 2-acetylamino-
fluorene (2-AAF) administration. Many of the ICG stained nodules, which consisted of benign and
borderline lesions, were GST-alpha positive. However, the percentage of GST-alpha positive cells
tended to decrease according to the disappearance of ICG staining in the process of hepatocarcino-
genesis. HCCs unstained by ICG were also GST-alpha negative. GST-pi, not detected in normal
rat hepatocytes, appeared in an earlier stage of hepatocarcinogenesis before the disappearance of
GST-alpha, and was not observed in HCCs. No significant relationship between ICG staining and
GST-pi was recognized. These results suggest that GST-alpha synthesis is disturbed in the process
of hepatocarcinogenesis and results in loss of ICG uptake in HCCs, and also indicate that GST-pi
may be useful for early diagnosis of preneoplastic hepatocytes showing no roles in ICG transport.
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