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Upregulation of Nitric Oxide Synthase Activity by All-trans Retinoic
Acid and 13-cis Retinoic Acid in Human Malignant Keratinocytes
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BioMedicinal Chemistry Laboratory, Department of Clinical Pathology,
Gwangju Health University, Gwangju 62287, Korea
Effect of retinoids, i.e., all-trans retinoic acid and 13-cis retinoic acid, on the activity of nitric oxide synthase (NOS)
was evaluated in human malignant keratinocytes to examine the possible correlation of retinoids with NOS activities.
All-trans retinoic acid and 13-cis retinoic acid did not alter the nitric oxide (NO) production. However, in the presence
of lipopolysaccharide (LPS, 1 μg/mL), they significantly increased NO release in a dose-dependent manner until 48 h at
concentrations of 50~100 μM. The degree of upregulation of NO by all-trans retinoic acid and 13-cis retinoic acid increased
up to 35% and 37%, respectively, compared to that by the control, which demonstrated the upregulation of LPS-inducible
nitric oxide synthase (iNOS)-dependent generation of NO as well as showing a crucial link between retinoids-induced
activity and NOS. Findings of this study now suggest that the upregulation of LPS-iNOS activity may be associated with
modulation of retinoids-induced control of cellular developmental processes, which may produce new therapeutics of
retinoids in the complexity of how NO affects human keratinocytes.
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t-Retinoic Acid 100 μM + LPS (1 μg/mL)

t-Retinoic Acid 0 μM
t-Retinoic Acid 50 μM
t-Retinoic Acid 100 μM

Fig. 1. Effect of all-trans retinoic acid on nitric oxide synthase activity in human malignant keratinocytes. (A) No regulatory effect of
all-trans retinoic acid on nitric oxide synthase activity. (B) Dose-dependent upregulation of LPS-induced nitric oxide synthase activity by
all-trans retinoic acid.
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Control + LPS (1 μg/mL)
cis-Retinoic Acid 50 μM + LPS (1 μg/mL)
cis-Retinoic Acid 100 μM + LPS (1 μg/mL)

cis-Retinoic Acid 0 μM
cis-Retinoic Acid 50 μM
cis-Retinoic Acid 100 μM

Fig. 2. Effect of 13-cis retinoic acid on nitric oxide synthase activity in human malignant keratinocytes. (A) No regulatory effect of
13-cis retinoic acid on nitric oxide synthase activity. (B) Dose-dependent upregulation of LPS-induced nitric oxide synthase activity by 13-cis
retinoic acid. All-trans retinoic acid and 13-cis retinoic acid were added to the culture medium at 0 h of incubation and the NO values were
measured at 12, 24, 36, and 48 h. Each value represents the mean ± S.E. of three independent determinations. No significant difference in the
level of NO release was found between all-trans retinoic acid and 13-cis retinoic acid treated and control in the absence of LPS. A significant
difference in LPS-induced NO productions between the control and all-trans retinoic acid and 13-cis retinoic acid treated samples was
indicated by *P<0.01.
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generation of NO in human skin cells. This study demon-

Findings of this study provide a crucial link between

strates that human malignant keratinocytes (SCC-13) can

retinoids-induced activity and NOS activity, suggesting that
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The differences in the final biological outcomes of cellular

activity; hence they have promise as potential stimulators of

NO effects has been described within a cell. Nitric oxide

NO synthase activity. Studies are in progress to elucidate the
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