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Soybean leaves, a Korean edible plant material, have been reported to prevent the development of
osteoporosis and breast cancer. Based on this rational, soybean fallen leaves ethanolic extract (SBFL)
was used for the experiment of cell invasion related to metastasis and antioxidant activity. The effect
of SBFL on matrix metalloproteinases (MMPs) in human fibrosarcoma cells, HT1080 as well as its anti-
oxidant activity was investigated in this study. The effect of SBFL on scavenging activity of reactive
oxygen species was evaluated in vitro using lipid peroxidation assay,DPPH radical and reducing pow-
er assay. SBFL showed the positive effects on antioxidant activity, compared with vitamin C and vita-
min E used as positive controls. Furthermore, SBFL showed cytotoxicity above 16 pg/ml in MTT
assay. In particular, it was found that SBFL decreased the activation of MMP-9 stimulated by phorbol
12-myristate 13-acetae (PMA) and phenazine methosulfate (PMS). SBFL treatment increased the ex-
pression levels of p-FoxO-1 and SOD-1. Moreover, SBFL inhibited cell invasion stimulated by vascular
endothelial growth Factor (VEGF). These results indicate that SBFL could inhibit cell invasion related
to the activation of MMP-9 and oxidative stress, suggesting that it could be available as a main in-

gredient for prevention of metastasis.
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Fig. 1. The effect of SBFL on scavenging activities of free radical. (A) Scavenging activity of DPPH radical. Vitamin C at 100 pg/ml
was used as a positive control in this experiment. (B) Reducing power of SBFL. Vitamin C at 10 ug/ml was used as a
positive control. C. Inhibitory effect of SBFL on lipid peroxidation. Vitamin E at 1,000 ug/ml was used as a positive control.
Lipid peroxidation was determined by TBARs. Data are given as means of values = SD. from three independent experiments

(p<0.05, **p<0.01, **p<0.001).
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Fig. 2. Effect of SBFL on viability of HT1080 cells. HT1080 cells
were treated with SBFL at 2, 4, 8, 16, 32 and 64 ng/ml
and cell viability was determined using MTT assay after
24 hr. Data are given as means of values *SD. from three
independent experiments. Level of significance was
identified statistically using Student’s t test. (*p<0.05,
*p<0.01, ***p<0.001).
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Fig. 3. Effect of SBFL on activities of MMP-9 in human HT1080
cells. HT1080 cells stimulated with 1 pg/ml of PMA to
induce MMPs expression were treated with various con-
centrations of SBFL under serum-free conditions for 72
hr. MMP-9 activities in conditioned media were deter-
mined by gelatin zymography as described in the text.
Data are given as means of values +S.D. from three in-
dependent experiments. Level of significance was identi-
fied statistically using Student’s t test. (*p<0.05, **p<0.01,
***9<0.001).
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Fig. 4. Effects of SBFL on invasion of HT1080 cells. For invasion
assay, lower and upper parts of transwells were coated
with collagen and matrigel, respectively. HT1080 cells
and various concentrations of SBFL were added. After
18 hr, cells on the bottom side of the filter were fixed,
stained, and quantified. Data are given as means of val-
ues +S.D. from three independent experiments. Level of
significance was identified statistically using Student’s t
test. (*p<0.05, **p<0.01, ***p<0.001).
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Fig. 5. Effect SBFL on protein expressions related to metastasis
and antioxidant activity in HT1080 cells. Cells were treat-
ed with SBFL at 4, 8, 16 and 32 ug/ml prior to stim-
ulation of cells with 1 uM PMA for 24 hr. Western blot
analysis of cell lysates was performed using antibodies
as indicated.

ghiFol =01 dE A ). o] 3 SBFLY A £9] free radi-
calg 2As=Y 9%g 7zt E 4 9} SN ALARE
B Bt WS T oty & AR A gst] Hel
B dFE AEsy o g s E ol o] Aol A
4% 2doE A&ty izl GAE AK[7] v A=
SBFL| E&& ZAst7] Hate] HTlOSOH]?—TE o] &34l A
T A&l A A5 HrhskAh. 1 A3 VEGFE A 2§
T3 HlustH S W SBFL2 M2 AHS IA = a7t
AT ol ME Hed & dojeh DA B ﬁlﬁ}[l]
o H—J*ﬁ PJr’%i OM—E— Az Hawto] oyt FFA L9
AR 9gS sted 1 d3AE
MMPS?iiﬂ %4‘13}71] T stA HTH20]. MMPE AX 9] 7]

dee EA7e a5 F shiold MMPE 3L, 2AIF,
FAFE FH0l He 247HA FRE THH UG MMPE
FE AANE, dHAZ 7)F, B 5o 71l Bty
g *ﬂﬂfi}ﬂr BeEst FH S dFS vAH FEH,
Fotel 2 3G, AA Y, FHAE s} 22 AU Fafel

il

3 dojus AWEd Fad A4S i, 31 1 F
Human A 2o #93t= MMP-9 S5 A4 4o A
Al Ags &t Yot T MMP-92 promoter 2739 AP-1
(-533 bp, -71 bp), NF-kB (-600 bp), Sp-1 (-588 bp)2] Aol
TLY QAR A&ty ofgd U o) wHo] 2dHT



444 BBULRIX| 2016, Vol. 26. No. 4

I ¢EA do2e6]. £ ATl A SBFLY MMP-9°] 274 3}
T g B =5 AR 43 SBFLS PMACA A=4
MMP-99 &A& dAstHt @A F9 Axd A&
MMP-29} MMP-9 —% A % loh TIMP-29] B4 F7HAZ1t
= 979 vk daB] of 45 AF= SBFLo| MMP-29
MMP-99] 44 & é;} Aolgtn A= H T} 84 9 SBFLE
otdo] #H T Aol MMP-29 MMP-99] &3 o= Yol
Aok &4, FAbsl a4 Do WAE BHE 2AG A
pFoxO-19] B8 & T7IAZL ksl &4 FoA /M 8
o SOD-19] HdFE S F7HAIAT D252 SBFLS A X
WollA atstd 2B 28 ZAND F ueE 2s &3
ATFodME T e Heol= Aol g2 d4tg)

i

o A

LRt obyzt F¢dAdol itk HiE A 27]. MMP-9
o] #A45tE dAlsta Fatst G490 SOD19] TH S F7HA
A Abeha 2EH 2 AN FAC AE &S AA6H
o & HolE did ¢ e AN shte) AYEd 24
29 754 S AAs AT

ZAle 2

o] £EE NI5HIE Fthgm A7 Ao oshe]

References

1. Bhatia, M., McGrath, K. L., Di Trapani, G., Charoentong,
P., Shah, F., King, M. M., Clarke, F. M. and Tonissen, K.
F. 2015. The thioredoxin system in breast cancer cell in-
vasion and migration. Redox Biol. 8, 68-78.

2. Borrello, S., Seccia, A., Galeotti, T., Bartoli, G., Farallo, E
and Serri, F. 1984. Protective enzymes in human epidermal
carcinomas and psoriasis. Arch. Dermatol. Res. 276, 338-340.

3. Creemers, E. E,, Cleutjens, J. P., Smits, J. F. and Daemen,
M. J. 2001. Matrix metalloproteinase inhibition after my-
ocardial infarction a new approach to prevent heart failure?
Circul. Res. 89, 201-210.

4. Deby, C. and Goutier, R. 1990. New perspectives on the bio-
chemistry of superoxide anion and the efficiency of super-
oxide dismutases. Biochem. Pharmacol. 39, 399-405.

5. Duthie, G. and Crozier, A. 2000. Plant-derived phenolic
antioxidants. Curr. Opin. Lipidol. 11, 43-47.

6. Egeblad, M. and Werb, Z. 2002. New functions for the ma-
trix metalloproteinases in cancer progression. Nat. Rev.
Cancer 2, 161-174.

7. Fidler, 1. J. 1970. Metastasis: quantitative analysis of dis-
tribution and fate of tumor emboli labeled with 125I-5-io-
do-2'-deoxyuridine. ]. Natl. Cancer Inst. 45, 773-782.

8. Furuya, S., Takayama, F., Mimaki, Y., Sashida, Y., Satoh,
K. and Sakagami, H. 2000. Cytotoxic activity of saponins
from Camassia leichtlinii against human oral tumor cell
lines. Anticancer Res. 21, 959-964.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Galis, Z. S. and Khatri, J. J. 2002. Matrix metalloproteinases

in vascular remodeling and atherogenesis the good, the bad,
and the ugly. Circul. Res. 90, 251-262.

Giorgio, M., Trinei, M., Migliaccio, E. and Pelicci, P. G. 2007.
Hydrogen peroxide: a metabolic by-product or a common
mediator of ageing signals? Nat. Rev. Mol. Cell Biol. 8, 722-
728.

Hansen, M. B., Nielsen, S. E. and Berg, K. 1989. Re-examina-
tion and further development of a precise and rapid dye
method for measuring cell growth/cell kill. ]. Immunol.
Methods 119, 203-210.

Heilmann, J., Calis, I, Kirmizibekmez, H., Schithly, W.,
Harput, S. and Sticher, O. 2000. Radical scavenger activity
of phenylethanoid glycosides in FMLP stimulated human
polymorphonuclear leukocytes: structure-activity relation-
ships. Planta Med. 66, 746-748.

Hendrich, S., GuiJuan, W., HsiaoKuang, L., Xia, X., BeeYen,
T., HueiJu, W., Murphy, P. and Papas, A. 1998. Isoflavone
metabolism and bioavailability. Kor. ]. Food Cook. Sci. 1998,
211-230.

Human bioavailability of soy bean isoflavones: influences
of diet, dose, time, and gut microflora. Functional foods for
disease prevention I. Fruits, vegetables, and teas. Sympo-
sium sponsored by the Division of Agricultural and Food
Chemistry at the 213th National Meeting of the American
Chemical Society, San Francisco, California, USA, April
13-17, 1997.; 1998. American Chemical Society.

Homan, R., Grossman, J. E. and Pownall, H. 1991. Differen-
tial effects of eicosapentaenoic acid and oleic acid on lipid
synthesis and secretion by HepG2 cells. |. Lipid Res. 32, 231-
241.

Imai, J., Ide, N., Nagae, S., Moriguchi, T., Matsuura, H. and
Itakura, Y. 1994. Antioxidant and radical scavenging effects
of aged garlic extract and its constituents. Planta Med. 60,
417-420.

Ji, L. L. 1993. Antioxidant enzyme response to exercise and
aging. Medi. Science Sports Exer. 25, 225-231.

Kim, E. J.,, Ahn, S. Y., Nam, G. W,, Lee, H. K., Moon, S.
J, Kim, Y. M,, Oh, M. S,, Kim, N. S, Chang, L. S. and Park,
S. K. 2006. The anti-aging effects of the cosmetic products
containing the needles of red pine on human skin. Kor. J.
Herbology 21, 25-31.

Kohn, E. C,, Jacobs, W., Kim, Y. S., Alessandro, R., Stetler-
Stevenson, W. G. and Liotta, L. A. 1994. Calcium influx
modulates expression of matrix metalloproteinase-2 (72-kDa
type IV collagenase, gelatinase A). ]. Biol. Chem. 269, 21505-
21511.

Liotta, L. A. and Kohn, E. C. 2001. The microenvironment
of the tumour - host interface. Nature 411, 375-379.
Nagase, H. and Woessner, ]J. F. 1999. Matrix metal-
loproteinases. J. Biol. Chem. 274, 21491-21494.

Oyaizu, M. 1986. Studies on products of browning re-
action--antioxidative activities of products of browning re-
action prepared from glucosamine. Jpn. |. Nutr. 44, 307-315.
Roy, R, Yang, ]J. and Moses, M. A. 2009. Matrix metal-
loproteinases as novel biomarker s and potential therapeutic



24,

25.

26.

27.

28.

targets in human cancer. J. Clin. Oncol. 27, 5287-5297.
Ryu, S. H., Lee, H. S, Lee, Y. S. and Moon, G. S. 2005.
Contents of isoflavones and antioxidative related com-
pounds in soybean leaf, soybean leaf jangachi, and soybean
leaf kimchi. Kor. ]J. Food Cook. Sci. 21, 433-439.

Ryu, S. H,, Lee, H. S, Lee, Y. S. and Moon, G. S. 2005.
Contents of Isoflavones and Antioxidative Related Com-
pounds in Soybean Leaf, Soybean Leaf Jangachi, and
Soybean Leaf Kimchi. Kor. |. Food Cook. Sci. 21, 433-439.
Sato, H. and Seiki, M. 1993. Regulatory mechanism of 92
kDa type IV collagenase gene expression which is associated
with invasiveness of tumor cells. Oncogene 8, 395-405.
Singh, B. P., Vij, S. and Hati, S. 2014. Functional significance
of bioactive peptides derived from soybean. Peptides 54,
171-179.

Stetler-Stevenson, W. G. 1990. Type IV collagenases in tu-

29.

30.

31.

32.

Journal of Life Science 2016, Vol. 26. No. 4 445

mor invasion and metastasis. Cancer Metastasis Rev. 9,
289-303.

Stutte, C. A. and Park, H. 1973. Effects of Nitrogen Sources
on PRE-point and Free amino acids in Soybean Leaves dif-
ferent in Phosphorus Sensitivity. Kor. |. Soil Sci. Fertil. 6,
239-244.

Westermarck, J. and K&hari, V. M. 1999. Regulation of ma-
trix metalloproteinase expression in tumor invasion. FASEB
J. 13, 781-792.

Westermarck, J., Li, S., Jaakkola, P., Kallunki, T., Grénman,
R. and Kéahari, V. M. 2000. Activation of fibroblast collage-
nase-1 expression by tumor cells of squamous cell carcino-
mas is mediated by p38 mitogen-activated protein kinase
and c-Jun NH2-terminal kinase-2. Cancer Res. 60, 7156-7162.
Zheng, G. and Zhu, S. Antioxidant effects of soybean iso-
flavones: CABI Publishing: Wallingford, UK, 1999:433-439.

A2 SAE U QHHO| B EHEO| WO 0
SH2 - 014y - &4Y - BES- YRR -2
CEEEEEREY

ofl

3

(SBFL)S Al zated oF Holst #d Sle AER & of
SBFLO| &4t5} 9} matrix metalloproteinases (MMPs)el| S .
a3to] g SBFLA = DPPH radical, &9 3 223 g 4302 Bty Oiu}
NzFOZ AHEH vitamin C 2 vitamin ES} Hl L A

9o FUHEF Y HBY BAL ATy 9y 2uy
I 0
R

O 5
S

gatst A E B o7 SBFL«] /HIE

54< 5457 flete] MTT assays T3 23 16 ng/ml o] F = A /‘ﬂﬁf_%*é% EO% Tt SBFL&

gelatin zymography A @ ol 4] phorbol 12-myristate 13-acetae (PMA) 32
it £3) SBFL w4 2
o] vascular endothelial growth Factor (VEGF)E #A=% A%

A7A%E HEOZ SBFLE Hold s ade 4
AAANA & dolef = f3 #

o Moo A F83 MMP9Y FA &
qds F/HAT. U
AAH = Aoz Yehygt oy
A7 MMP-99] 43 AZH{S
3ta gl

H2A%

& phenazine methosulfate (PMS)& 2=

g A3l A SOD-1, p-FoxO-1¢] &
AE 380l SBELA 2ol of3hof

A3l A ~EHAE A




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


