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Lung cancer has been the leading cause of cancer death in Taiwan for over a decade.
Metastasis of cancer cells, a multiple and intricate process, may complicate the clinical
management and lead to a poor prognosis with tremendous impact to patients or communities. In
general, metastasis of cancer cells involves multiple processes and various cytophysiological
changes, including changed adhesion capability between cells and extracellular matrix (ECM)
and damaged intercellular interaction. Degradation of ECM by cancer cells via protease, such as
serine proteinases, metalloproteinases (MMPS), cathepsins, and plasminogen activator (PA), may
lead to the separation of intercellular matrix to promote the mobility of cancer cells and
eventually lead to metastasis.

In our preliminary study, a lung cancer cell line, A549, has been treated with 57 Chinese herbal
medicines and then subjected to an assay for cell viability or invasion, and results showed that 6
Chinese herbal medicines was significantly inhibited on cell migration and invasion. Further, to
use the animal model to evaluate the impacts by the addition of 6 Chinese herbal medicines and
results showed that 3 Chinese herbal medicines including Terminalia catappa L. leaves extract
(TCE), Selaginella tamariscina extract (STE) and Viola yedoensis extract (VYE) were
significantly inhibited the tumor growth and metastasis.



In this project, despite influence on cell viability, TCE, STE, and VYE markedly inhibited the
invasion and motility of A549 cells and LLC cells in the rage of 10-100 uM. As MMPs and u-PA
play a critical role in cancer cell metastasis, we also found that TCE, STE, and VYE could inhibit
MMPs or u-PA activities at least one of them or both of them in A549 cells and LLC cells.
However, only STE could significantly induce the expression of TIMP-2 and PAI-1 (endogenous
inhibitor of MMP-2 and u-PA), whereas TCE and VYE showed lowering or no effect. Consist
with the preliminary animal experiment, the complete animal experiments definitely showed that
TCE and STE have the anti-tumor growth and anti-metastatic potentials. In addition, the
HPLC-mass spectrometry analysis of TCE and STE has also been done. In conclusion, TCE, STE
and VYE perturb the invasion capacities of lung cancer cells, thereby constituting an adjuvant
treatment for metastasis control.
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Fig. 1. Effect of TCE on the viability of A549 and LLC cells. (a) A549 and (b) LLC cells were
treated with 0, 10, 25, 50, 75, or 100 lg/ml of TCE for 24 h before being subjected to a MTT
assay for cell viability. (**p < 0.01, ***p < 0.001)
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Fig. 2. The effects of TCE on cell invasion and motility of A549 and LLC cells. (a) A549 cells
and (b) LLC cells were treated with TCE at a concentration of 0, 10, 25, 50, 75 or 100 Ig/ml for
24 h, and were then subjected to analyses for invasion and motility. (*p < 0.05, **p < 0.01, ***p
<0.001)
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Fig. 3. Effects of TCE on the activities of MMP-2 and MMP-9. A549 cells and LLC cells were
treated with 0, 10, 25, 50, 75 or 100 lg/ml of TCE for 24 h and then subjected to gelatin
zymography to analyze the activities of MMP-2 (a) on the A549 cells and MMP-9 (b) on the LLC
cells, respectively. (**p < 0.01, ***p < 0.001)
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Fig. 4. Effects of TCE on the activity of u-PA in the conditional medium of A549 and LLC cells.
A549 cells (a) and LLC cells (b) were treated with 0, 10, 25, 50, 75 or 100 Ig/ml of TCE for 24 h

and then subjected to casein zymography to analyze the activity of u-PA. (*p < 0.05, **p < 0.01,
***p < 0.001)

a b
TIMP-2 TIMP-2 e’ e i S
PAL-] e — — — T — PAL-] o ——
Practin | e——————— Braclil o — — — — —
0 10 25 50 75 100 (ug/ml) 0 10 25 50 75 100 (ug/ml)
[E] o]
=p =n
=|m- :ICI‘-!
: E
R fm
e z ;
k 0 0 3/ S TE 00 ’ 0 w2 s 7 1o

TCE cencentration (pginl) TCE concentration (jughml)



Fig. 5. Effects of TCE on the protein levels of the endogenous inhibitors TIMP-2 and PAI-1.
A549 cells (a) and LLC cells (b) were treated with 0, 10, 25, 50, 75 or 100 Ig/ml of TCE for 24 h,
and then cell lysates were subjected to SDS-PAGE followed by western blotting with
anti-TIMP-2 or anti-PAlI-1 antibodies. (*p < 0.05, **p < 0.01, ***p < 0.001)
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Fig. 6. The in vivo anti-metastasis effects of TCE. After subcutaneous implantation of LLC cells,
C57BL/6 mice were treated with TCE as described in Section 2 and then analyzed for the number
of lung metastasis (a), the growth of tumor (b), the weight of primary tumor (c) and the body
weight (d). (*p < 0.05, **p < 0.01)

Table 1
Effects of vanous STE concentrations on the cell viability, cell invasion and motility of A549 and LLC cells
Cell viability (% of control) Cell invasion { % of control) Cell motility (% of control)
STE concentrations in AS549 cell
10 pgimL 10191 £ 1.51 0541 + 2.86 9729 + 312
25 pg/mL 07.80 + 3.93 T3R8l &+ 3637 T6.58 4 3607
50 pg/mL 0621 + 2.39 4841 £4.19777 40.55 4 238"
75 pg/mL 0653 + 219 4286 £ 3637 4324 441377
100 pgfmL 04,13 £ 1.86 38.80 £ 52077 3874 £ 50177
STE concentrations in LLC cell
10 pgimL 6524 4+ 14877 01.98 + 295 90.36 + 4.51
25 pg/mL 56.06 4+ 3017 63.68 4 4.007 68.53 4 4307
50 wg/mL 44.01 £ 19877 30,19 £ 2877 2044 £ 3667
75 pg/mL 3909 & 16T 2075 £ 2067 18.78 £ 221"
100 pg/mL 2286 4+ 0627 10.85 4 1.2577 1017 £ 1.83°

wEE

Diata represent the mean 4 5.1, of at least three independent experiments (* p<0.01, " p<0.001).
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Fig. 7. Effects of STE on the activities of MMP-2, MMP-9 and u-PA. A549 cells and LLC cells
were treated with 0, 10, 25, 50, 75 or 100_g/mL of STE for 24 h and then subjected to gelatin and
casein zymography to analyze the activities of MMP-2 and u-PA (A) on the A549 cells, MMP-9
and u-PA (B) on the LLC cells, respectively. (**p < 0.01; ***p < 0.001)
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Fig. 8. Effects of STE on the protein levels of the endogenous inhibitors TIMP-2 and PAI-1.
A549 cells (A) and LLC cells (B) were treated with 0, 10, 25, 50, 75 or 100_g/mL of STE for 24
h, and then cell lysates were subjected to SDS-PAGE followed by Western blotting with
anti-TIMP-2 or anti-PAlI-1 antibodies. (*p < 0.05; **p < 0.01; ***p < 0.001)
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Fig. 9. The in vivo anti-metastasis effect of STE. After subcutaneous implantating LLC cells,
C57BL/6 mice were treated with STE and then analyzed for the number of lung metastasis (A),
growth of tumor (B), weight of primary tumor (C), and body weight (D). Data represent the
meanzS.D. (n=5) (**p < 0.01; ***p < 0.001).
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Fig. 10. Effect of VYE on the viability of A549 and LLC cells. (a) A549 and (b) LLC cells were
treated with 0, 10, 25, 50, 75, or 100 lg/ml of TCE for 24 h before being subjected to a MTT
assay for cell viability. (**p < 0.01, ***p < 0.001)
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Fig. 11. The effects of VYE on cell invasion and motility of A549 and LLC cells. (a) A549 cells
and (b) LLC cells were treated with TCE at a concentration of 0, 10, 25, 50, 75 or 100 Ig/ml for
24 h, and were then subjected to analyses for invasion and motility. (*p < 0.05, **p < 0.01, ***p
<0.001)
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Fig. 12. Effects of VYE on the activities of MMP-2, MMP-9 and u-PA. A549 cells and LLC cells
were treated with 0, 10, 25, 50, 75 or 100_g/mL of STE for 24 h and then subjected to gelatin and
casein zymography to analyze the activities of MMP-2 and u-PA (A) on the A549 cells, MMP-9
and u-PA (B) on the LLC cells, respectively. (**p < 0.01; ***p < 0.001)
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Fig. 13. Effects of VYE on the protein levels of the endogenous inhibitors TIMP-2 and PAI-1.
A549 cells (A) and LLC cells (B) were treated with 0, 10, 25, 50, 75 or 100_g/mL of STE for 24
h, and then cell lysates were subjected to SDS-PAGE followed by Western blotting with
anti-TIMP-2 or anti-PAlI-1 antibodies. (*p < 0.05; **p < 0.01; ***p < 0.001)
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Fig. 14. The chemical profile of TCE was analyzed by HPLC-mass spectrometer. (a)
Chromatographic patterns from HPLC analysis (254 nm) of TCE extracts showed peaks
corresponding to the retention times (min). (b) The main product peak (with a retention time of
11.13 min as shown in (a)) was then subjected to mass spectrometer.
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Fig. 15. The chemical profile of STE was analyzed by HPLC-mass spectrometer. (A)

Chromatographic patterns from HPLC analysis (254 nm) of STE extractsshowed peaks

corresponding to the retention times (min). (B) The main product peak (with a retention time of

21.3 min as shown in (A)) was then subjected to mass spectrometer.
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