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The lichen secondary metabolite
atranorin suppresses lung cancer
cell motility and tumorigenesis
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Lichens are symbiotic organisms that produce various secondary metabolites. Here, different lichen
extracts were examined to identify secondary metabolites with anti-migratory activity against
human lung cancer cells. Everniastrum vexans had the most potent inhibitory activity, and atranorin
was identified as an active subcomponent of this extract. Atranorin suppressed (3-catenin-mediated
TOPFLASH activity by inhibiting the nuclear import of 3-catenin and downregulating 3-catenin/LEF
and c-jun/AP-1 downstream target genes such as CD44, cyclin-D1 and c-myc. Atranorin decreased KAI1
C-terminal interacting tetraspanin (KITENIN)-mediated AP-1 activity and the activity of the KITENIN
3’-untranslated region. The nuclear distribution of the AP-1 transcriptional factor, including c-jun and
c-fos, was suppressed in atranorin-treated cells, and atranorin inhibited the activity of Rho GTPases
including Racl, Cdc42, and RhoA, whereas it had no effect on epithelial-mesenchymal transition
markers. STAT-luciferase activity and nuclear STAT levels were decreased, whereas total STAT levels
were moderately reduced. The human cell motility and lung cancer RT2 Profiler PCR Arrays identified
additional atranorin target genes. Atranorin significantly inhibited tumorigenesis in vitro and in vivo.
Taken together, our results indicated that E. vexans and its subcomponent atranorin may inhibit lung
cancer cell motility and tumorigenesis by affecting AP-1, Wnt, and STAT signaling and suppressing
RhoGTPase activity.

Lung cancer is the leading cause of cancer-related death worldwide, and approximately 85% of cases are related to
cigarette smoking'. Metastasis, which is common in lung cancer, is a multi-stage process involving invasion into
surrounding tissue, intravasation, transit in the blood or lymph, extravasation, and growth at a new site%. Many of
these steps require cell motility, and increased cell motility such as migration and/or invasion can lead to cancer
progression. Adjacent invasion and distant metastasis are the major causes of lung cancer-related death®. The aim
of the present study was to search for potential inhibitors of migration and invasion to improve the survival of
patients with lung cancer.

Lichens are symbiotic organisms that are usually composed of a fungal partner and a photosynthetic partner?.
Lichen is a known source of approximately 800 unique secondary metabolites, which are produced by the fungus
and secreted onto the surface of hyphae either in amorphous form or as crystals®. The intense antioxidant activity
of lichens plays important ecological roles, and they possess antibiotic, anti-proliferative, and cytotoxic activities.
These secondary products are frequently used by the pharmaceutical industry as antibacterial and antiviral com-
pounds™>®. Lichens and their secondary metabolites have been studied for their anticancer properties. However,
a limited number of lichen substances have been screened for their biological activities and their therapeutic
potential in anticancer medicine’. The current study examined five lichen species collected from Vietnam, China,
and Chile for their inhibitory activity against the migratory and invasive abilities of human lung cancer cells
and investigated the mechanisms underlying the inhibitory activity of lichen substances against lung cancer cell
motility and tumorigenesis.
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Figure 2. Atranorin was identified as an active secondary metabolite from E. vexans with inhibitory activity
against A549 cell motility. (a) TLC analysis performed using a Toluene: Dioxin: Acetic acid = 180: 45: 5 (v/v/v)
solvent system showed that lichen extracts had inhibitory activity against A549 cell motility; ‘@’ denotes the
location of the spot for atranorin. L. cladonioides was used as the standard control for atranorin; it contained
atranorin (spot @) and norstictic acid (spot ‘b’). (b) Chemical structure of atranorin. (¢c) MTT assay in A549
cells treated with atranorin at different doses. (d,e) Migration assay in A549 cells treated with 5pg/mL atranorin,
and quantitative analysis of wound length. (f,g) Invasion assays in A549 cells treated with 5 jig/mL atranorin
and quantitative analysis of invaded cell numbers in each treatment. Quantitative data were obtained from

three independent experiments (n = 3). Data represent the mean 4= S.E.M. *p < 0.05; **p < 0.01; ***p < 0.001
compared with DMSO-treated A549 cells.
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Figure 3. Atranorin inhibited (3-catenin-mediated TOPFLASH activity by suppressing nuclear import and
downregulated (3-catenin/LEF and c-jun/AP-1 downstream genes. (a) Atranorin decreased the 3-catenin-
mediated transcriptional activity of the TOPFLASH promoter. HEK293T cells were transfected with (3-catenin
and the TOPFLASH reporter plasmid. After 12 h of transfection, cells were treated with atranorin for 48 h. (b)
Decreased (3-catenin nuclear localization upon atranorin treatment. The total, nuclear, and cytoplasmic levels
of 3-catenin were analyzed in A549 cells. a-Histone H3 was used as a nuclear marker. Quantitative analysis

of the ratio of nuclear to cytoplasmic 3-catenin in A549 cells treated with 5pg/mL atranorin. (c) A549 cells
were transiently transfected with GFP-3-catenin for 12h. Cells were visualized using a fluorescence confocal
microscope after DMSO or atranorin treatment for 24 h (left). Treatment with leptomycin B (LMB, a nuclear
export inhibitor) alone induced a significant accumulation of nuclear 3-catenin at 4h (central). Treatment
with DMSO resulted in significant retention of nuclear 3-catenin for 24 h after 4h of pretreatment with

LMB, whereas the accumulation was not observed after treatment with atranorin (right). DAPI was used for
visualization of the nucleus. (d) Quantitative analysis of the mRNA level of CD44, c-myc, and cyclin-D1 in
A549, H460, H1650, and H1975 cells treated with 5 pg/mL atranorin. Data represent the mean £ S.E.M. (n=3).
*p < 0.05; **p < 0.01; ***p < 0.001 compared with the DMSO-treated group in each cell line.
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