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Microglial cells are immediately activated in the central nervous system in response to a variety of
neuronal environmental changes, such as injuries or inflammation. In addition to the modulation of
the intrinsic immune response, a key role of microglial cells is the phagocytosis of dying cells and
cellular debris. In this study, the inhibitory effects of epigallocatechine-3-gallate (EGCG), a most abun-
dant and active polyphenol component of green tea, on lipopolysaccharide (LPS)-induced microglial
activation are determined. EGCG dose dependently suppressed LPS-induced nitric oxide production
and the expression of inducible nitric oxide synthase (iNOS) in BV-2 microglial cells. EGCG are potent
LPS-induced inhibitors of several pro-inflammatory cytokine expressions, such as TNF-a and IL-1(,
in microglial cells. Furthermore, EGCG generally inhibits the induction of LPS-mediated microglial ac-
tivation and potently inhibits the phagocytosis of LPS-stimulated BV2 microglia. Although the con-
ditioned media from LPS-stimulated BV-2 cells caused the SN4741 cell death, that from the con-
ditioned media of EGCG pretreated BV-2 cells did not diminish the viability of SN4741 cells. These
results suggest EGCG, a green tea polyphenol, could be a promising available molecule for the modu-

lation of harmful microglial activation.
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GTG GA, Tm 52TC), IL-18 (F : TTT AGG AAG ACA CGG
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Western blot
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Real-time PCR
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Fig. 1. Effects of EGCG on NO release and iNOS RNA ex-
pression. (A) Cells were pretreated with EGCG (1-2uM)
for 1 hr followed by treatment with LPS 100 ng/ml for
24 hr. (B) The expression levels of iNOS mRNA were
determined in BV-2 microglia by RT-PCR. (C) The ex-
pression levels of iNOS mRNA were determined in
BV-2 microglia by Real-Time PCR (24 hr). (D) iNOS pro-
tein expression level. The iNOS protein level were
measured by western blot (24 hr). All values are the
mean *SEM from triplicate. *. p<0.05 compared with
LPS treated.
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Fig. 2. Effects of EGCG on LPS-induced proinflammatory cytokines mRNA expression in BV-2 cells. (A) The expression levels of
TNF-a and IL-18 mRNA were determined in LPS-stimulated cells for each time (2, 6, 8, 12 hr) by RT-PCR. (B) Intensity
of each band were measured by denditometric analysis and the compared with control. . (C) The expression levels of TNF-a
and IL-18 mRNA were determined in BV-2 microglia by Real-Time PCR (8 hr). All values are the mean *SEM from triplicate.

A

B "= = & -~ [
rpo [ bbb <~ 19727

LPS 2h &h 8h 12Zh
L L s

1t A S S T

o]

350
300 + *
250 A
200 - *

150 4

%of control

100 A

TLR-4 expression level

50

0 -
Lps > >
L

EGCG - o+ - o+ -+ - = - = - s
2 M

Fig. 3. Effects of EGCG on TLR-4 mRNA expression in BV-2
cells. (A) The expression levels of TLR-4 recepter mRNA
were determined in LPS-stimulated cells for each time
(2, 6, 8, 12 hr) by RT-PCR. (B) Intensity of each band
were measured by densitometric analysis and the com-
pared with control. All values are the mean +SEM from
triplicate. *. p<0.05 compared with LPS treated.
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Effect of EGCG on phagocytotic activity. (A). Micro-
graphs indicate that BV2 cells exhibit phagocytotic ac-
tivity by engulfment of latex beads. The optical bead
density was evaluated after counting 10 fields corre-
sponding to at least 200 cells. (B). Phagocytotic ability
was evaluated by calculating the mean percentage cells
engulfing at least one bead. The phagocytotic capacity
was evaluated by estimating the mean number of en-
gulfed beads/cell. Results are expressed as mean + SEM
of three independent experiments. *p<0.05, compared
with LPS alone. Scale bars indicate 10 pm.

5. Effect of EGCG in LPS-stimulated BV-2 microglial con-

ditioned medium on neuronal cell viability. SN4741
cells, a murine dopaminergic neuronal cell line, were
treated with different BV-2 conditioned media. BV2 cells
were pretreated with EGCG (2 M) stimulated with LPS
(0.1 ug/ml) for 24 hr. The viability of SN4741 cultured
with BV-2 conditioned media was assessed by MTT
assay. All values represent mean + SEM of three in-
dependent experiments. *p<0.05.

nAlotu Az &4ste trd e A
AEHA dge Faddog A&arh4-6,
% polyphenol EGCGY] 3 48}, 3 =3} EJ+°ﬂ EHOH A
B2 A7 AP YT, 13, 16]. & A7l A= EGCG
of-gsto] mAlotwAEe] B4 AAE FstAtt. LPsel
ofs) FA4ste A otmAZA NO2 A4 pro-inflam-
matory cytokine +82+¢] WS &<l % th(Fig. 1, Fig. 2).
28y 2 M EGCGE 1413 A A ef & vl Aok Al ol X =
LPsell o &do] dAE = Ae & F AU TLR4E Al E
Zo] EA3tE LPS 5017 F8AE A= ¥h-g3l pro-in-
flammatory cytokines®] &< FEdt= 202 4HA At
[1, 2] & A4 LPSel <3 TLR-49] mRNA T3 o] F7}
3t 1L, EGCGE 1 AR A A 4§ 2do] dAEE A&
AT Al ol AF#E EUE BV-2 HlAl ot A £
A EGCGOl €& NO, pro-inflammatory cytokines] A
T TLR4 &4 Al o A< & + UAUT. TLR4
FEA Y BHE AT o mHA LPSel| o3 A EFEES
A8t latex beadE o] &3 224 &2 A7t o]t
= A% 2ol EGCGoﬂ o vlAota A £ FAo] A HE=
As & 94 (Flg 4).
PR off gt mlA|of Al o) Hj Fof g o] &7 27 A
T AFA ] HEES B0 o}ﬁ o, LPSE A&
21 wA A A AEY ArEe] FEHI, EGCG 147
Xl g th LPSE A2 =144 011/‘1 ARAZ AE
&0l JEHE AS ¢ F AU o]¥F I} EGCGE
Aot A o] G4 A #EE AT F 9l
o Yo7t A E SISl o g ABHYAY 2e9
Aol 3HZQA &< vA 4 9low, 52 f8 polyphenol
< o8 A8A e 7AF £ S AoR Bin

:rz‘

2

L e rlr

ZAle 2

o] =Eo gAY 7] %A FAY (NRF-2015R1D1
A1A01059448)9] A A3 20143 d = 28t &
o ALE Lop A7 oo APy

References

1. Beutler, B., Du, X. and Poltorak A. 2001. Identification of
Toll-like receptor 4 (TIr4) as the sole conduit for LPS signal
transduction: genetic and evolutionary studies. ]. Endotoxin
Res. 7, 277-280.



10.

11.

12.

. Chen, Z, Jalabi, W., Shpargel, K. B., Farabaugh, K.T., Dutta,

R, Yin, X,, Kidd, G. J., Bergmann, C. C., Stohlman, S. A.
and Trapp, B. D. 2012. Lipopolysaccharide-induced micro-
glial activation and neuroprotection against experimental
brain injury is independent of hematogenous TLR4. ].
Neurosci. 32, 11706-11715.

. Clement, Y. 2009. Can green tea do that? A literature review

of the clinical evidence. Prev. Med. 49, 83-87.

. Collin, M., McGovern, N. and Haniffa, M. 2013. Human

dendritic cell subsets. Immunology 140, 22-30.

. Colton, C. A. 2009. Heterogeneity of microglial activation

in the innate immune response in the brain. ]. Neuroimmune
Pharmacol. 4, 399-418.

. Fuhrmann, M., Bittner, T., Jung, C. K., Burgold, S., Page,

RM., Mitteregger, G., Haass, C.,, LaFerla, F. M., Kretzschmar,
H. and Herms, J. 2010. Microglial Cx3crl knockout prevents
neuron loss in a mouse model of Alzheimer’s disease. Nat.
Neurosci. 13, 411-413.

. Gonzalez, H., Elgueta, D., Montoya, A. and Pacheco, R.

2014. Neuroimmune regulation of microglial activity in-
volved in neuroinflammation and neurodegenerative
diseases. |. Neuroimmunol. 274, 1-13.

. Hirsch, E. C. and Hunot, S. 2009. Neuroinflammation in

Parkinson’s disease: a target for neuroprotection? Lancet
Neurol. 8, 382-387.

. Kamon, M., Zhao, R. and Sakamoto, K. 2010. Green tea poly-

phenol (—)-epigallocatechin gallate suppressed the differ-
entiation of murine osteoblastic MC3T3-E1 cells. Cell Biol.
Int. 34, 109-416.

Khandelwal, P. J., Herman, A. M. and Moussa, C. E. 2011.
Inflammation in the early stages of neurodegenerative
pathology. ]. Neuroimmunol. 238, 1-11.

Li, Y, Du, X. F, Liu, C. S, Wen, Z. L. and Du, J. L. 2012.
Reciprocal regulation between resting microglial dynamics
and neuronal activity in vivo. Dev. Cell 23, 1189-1202.
Maetzler, W., Apel, A., Langkamp, M., Deuschle, C., Dilger,

13.

14.

15.

16.

17.

18.

19.

Journal of Life Science 2016, Vol. 26. No. 6 645

S. S. and Stirnkorb, J. G., 2014. Comparable auto antibody
serum levels against amyloid-and inflammation-associated
proteins In Parkinson’s disease patients and controls. PLoS
One 9, 88604.

Seija, L. 2010. Innate immunity and neuroinflammation in
the CNS: The role of microglia in toll-like receptor- medi-
ated neuronal injury. GLIA 58, 253-263.

Shenouda, S. M. and Vita, J. A. 2007. Effects of flavonoid-
containing beverages and EGCG on endothelial function. J.
Am. Coll. Nutr. 26, 366-372.

Singh, B. N., Shankar, S. and Srivastava, R. K. 2010. Green
tea catechin, epigallocatechin-3-gallate (EGCG): mecha-
nisms, perspectives and clinical applications. Biochem. Phar-
macol. 82, 1807-1821.

Takeuchi, H., Mizoguchi, H., Doi, Y., Jin, S, Noda, M.,
Liang, J., Li, H,, Zhou, Y., Mori, R,, Yasuoka, S., Li, E,,
Parajuli, B., Kawanokuchi, J., Sonobe, Y., Sato, J., Yamanaka,
K., Sobue, G., Mizuno, T. and Suzumura, A. 2011. Blockade
of gap junction hemichanel suppresses disease progression
in mouse models of amyotrophic lateral sclerosis and
Alzheimer’s disease. PLoS One 6, 21108.

Whitney, N. P., Eidem, T. M., Peng, H,, Huang, Y. and
Zheng, ]. C. 2009. Inflammation mediates varying effects in
neurogenesis: Relevance to the pathogenesis of brain injury
and neurodegenerative disorders. ]. Neurochem. 108,
1343-1359.

Wilms, H., Rosenstiel, P., Sievers, ]J., Deuschl, G., Zecca, L.
and Lucius, R. 2003. Activation of microglia by human neu-
romelanin is NF-kappaB dependent and involves p38 mi-
togen-activated protein kinase: implications for Parkinson’s
disease. FASEB ]. 17, 500-507.

Zecca, L., Wilms, H., Geick, S., Claasen, ]. H., Brandenburg,
L. O. and Holzknecht, C. 2008. Human neuromelanin in-
duces neuroinflammation and neurodegeneration in the rat
substantia nigra: implications for Parkinson’s disease. Acta
Neuropathol. 116, 47-55.

P
Jhu

: BV-2 OIAMotmM| =S| EMo] CHE =&t

E} Latex beadsa
]

p lyphenolol EGCGY A4 H5 wt

A&
=2k 8 polyphenol?l EGCGY A7 4

=2k frof polyphenol 59 sl epigallocatechine gallate (EGCG)E ©] &
}%{E} LPSE F=¥ 1A O}E’Jﬂ_-_/] 432 BH =< nitric oxide (NO)$} pro-inflammatory cyto-
FAze wd T LIPS FEAS TLR4S &3¢
];15} phagocytotic activityE 291 23 LPSE
EGCGAl 93 dAHE Ae & F AT ¥% ofyet, BV-2 Al ofw Al
M E SN47419) M E ABEQAE EGCGoll 9@ BT &7E FAsqth & A7 A% =4
< TH AZEHYE A Ao hsAS St & A7 A

Z Wesh 22 A% A% A4 4B Ao A5HE AAd

el E2|EH= EGCGY ARl =2t

g AFES A

X & EGCGY YA &%5%
4o o3t
ZAMAE o] &84

=g mA ol al 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


