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ABSTRACT

Background: A red seaweed, Callophyllis japonica has been traditionally eaten in the
oriental area. In a recent study, it has been demonstrated that the ethanol extract of
C. japonica have antioxidant activity. However, there are few studies about the effects
of C. japonica on the function of immune cells. We investigated the immunomodulatory
effects of C. japonica on the function of dendritic cells, the potent antigen-presenting
cells. Methods: Bone marrow-derived dendritic cells (DCs) were used and the viability
was measured by 3-[4,5-dimethylthiazol-2-yl}-2,5-diphenyltetrazolium bromide assay and
trypan blue exclusion test. Cytokine and nitric oxide (NO) levels were determined by
using ELISA and Griess reagent, respectively. The expression levels of DC surface markers
were measured by flow cytometric analysis. Results: C. japonica ethanol extract did not
significantly affect the DCs viability and the IL-12 production from DCs, irrespective
of the presence of lipopolysaccharide (LPS). In addition, it did not significantly change
the expression of DC surface markers. However, C. japonica ethanol extract significantly
inhibited the LPS-induced NO production and also increased the proliferation of
allogeneic lymphocytes activated by DCs. Conclusion: Our data suggests that C. japonica
ethanol extract enhances the proliferation of allogeneic lymphocytes activated by DCs
which is associated with inhibition of NO production from DCs induced by LPS.
(Immune Network 2007;7(2):95-100)
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Figure 1. The viability of DCs was not significantly affected by
C. japonica ethanol extract. DCs were seeded at a concentration
of 5x10° cells/well in 96-well plates (A) 5x10° cells/well in
24-well plates (B). Cells were pretreated with C. japonica ethanol
extract at 1 hr before LPS treatment and then treated with 0.1
seg/ml LPS for 48 h. MTT assay (A) was performed as described
in Materials & Methods (M&M). Results are means+SD of three
independent wells and the representative of three individual
experiments. Trypan blue exclusion test (B) was performed by
using a trypan blue staining solution. ImDCs, CJDCs, LPSDCs,
CJ+LPS DCs were DCs treated with medium alone, 100 z2g/ml
C. japonica extract, 0.1 p£g/ml LPS, 100 pg/ml C. japonica ethanol
extract and then 0.1 z£g/ml LPS.
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Figure 2. The effects of C. japonica ethanol extract on
the production of NO, TNF-alpha, IL-12 of DCs. Cells
were seeded at a concentration of 5x10° cells/well in
24-well plates and treated as described in Fig. 1B. The
amount of NO, TNF-alpha, IL-12 in the supernatants
of DCs were determined as in M&M. Results were
means=SD of three independent wells and the represen-
tative of three individual experiments. ***p<0.001 s
imDGs, “p<0.05, "*#p<0.001 25 LPSDCs.
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Figure 4. The effect of C. japonica ethanol extract on the
proliferation of allogeneic lymphocytes activated by DCs. DCs
were seeded at a concentration of 1x10° cells/well in 6-well plates
and treated as described in Fig. 1B. The treated DCs were cocul-
tured with allogeneic lymphocytes and analyzed as described in
M&M. Results are means+S.D. of four independent wells and the
representative of three individual experiments. *p<0.05, **p<
0.01 or **¥p<0.001 o5 imDCs, "7 p<0.001 25 LPSDCs.

(Fig. 3). MHC 1I 2212} CD862] W& C. japonica ollEr
SFEE 100 g/mle] 75 v SFAGA E e} okt
7Vt AARE foekA] ookt g FAGAE
o] 7 AsulA ] WA 2t F59] C. japonica T
SFEEC LIPSO 93 AAES YoTA skt
C. japonica ANHEFZFE Aol 3 FAAAALY
allogeneic BZF35-215 W3}k C. japonica NH-EFE=
= A3 FAGAEE S FAZAZEG allo-
geneic |72 S45 FAslch LPSE A7t 4]
A EE allogeneic B ZT-2] 4% U8 Z7HAH L,
C. japonica NEEFEE5 AX sl LPSE X3t
TFAGAEE allogeneic HZF2] FAl& 7H4 2A U
Ebllch(Fig. 4).

il &

C. japonica NFEFEET FFOE Al A FA
AZe] W75 w8 Za3t 7 717 F8 Ao BT}t
9l, TNF-alpha®} IL-12¢] A4k, A ExmHvlA S wd 1
2] L allogeneic HZF-FA 5ol o3 W3S 4277
ket C. japonica AH-EFEE5 A28 * LPSE
FA A Foll A 2]8k 73-%- TNF-alpha AJ4H2} allogeneic
HEZFZASE oA SR 7= A S s
t}. o] C. japonica A-EF2E5o| ApAH o2 A4
AES] Ase FEshe ade v|ekgt v LpSe) 3
7 Fodt AS FsEHE et ZeE Heldh

B QAFolA C. japonica AH-EFEES TAGAZ
off AA 23t ¥ LPSE A elshH NO9| A4 ol

ZEAA 5 de S et TLd A
Fo| Aol A 7 71A Aol 271R1F NOE A w3t

7} TNF-alpha®] A2 23] S713 AHd S 2k
" NO9| A ZHae C. japonica o¥-EFE 5]

AGA 2ol it Sol]H HAz2A7| 52 dFor gt
ek NOE v A ZellA] Al WA v dEs A
Al7)E QS ke R FA Ao A ot kA A
RS & FEAUTHO,10. W4 NOAAL] 2719}
s-nitroso-N-acetyl-penicillamineZ} -2 NO 3oz 2] %
gle FAGAEY AEAES FE3CH10). o=
IFN-gamma %5 LPS A 2ol o3l A A Eoll 4] A4
= NO7F YARE SR E] AZAE S fEsto]
allogeneic | Z9} 7 wljok A] LA A EZA] 2
Al 7ls= Tk X2 g d5e vlgieh webA
C. japonica &-&FF =0l &g LPSE X% NOAA
A st &I allogencic FZT7-5459] S715 AHE -
A 71l & 4 & Ao g Halr} Allogeneic HZ
FEA5S T ARE F gk E e HeRE

L

TAGAEL] W75 FEAZ 4 Y& TNF-alpha

M ob iy 2

it

C. japonica NGH-SFEES FTAGA|Eoll At 2
|2 A et A e w7
5 Tl SAATI= AAE s 53] 9
g0 QB4 F shtel LpS e A s NO2J
HopAAS -0 Z Al AAS Lot we
A B AFE B3l C japonica AFEFEES] ANEE

= WAsRom NO9| ZHepagito] A
7} 5] Akl i3l X585 7| F JE FEE

_\?_1‘
oX
i
o
=2
e
OlN of
oSt
o
)
1o
o

1. Kang KA, Bu HD, Park DS, Go GM, Jee Y, Shin T, Hyun
JW: Antioxidant activity of Ethanol extract of Callophyllis
japonica. Phytother Res 19;506-510, 2005

2. Adams S, O'Neill DW, Bhardwaj N: Recent advances in
dendritic cell biology. J Clin Immunol 25;87-98, 2005

3. Banchereau J, Steinman RM: Dendritic cells and the control
of immunity. Nature 392;245-252, 1998

4. Steinman RM: Dendritic cells and the control of immunity:
enhancing the efficiency of antigen presentation. Mt Sinai J
Med 68;160-166, 2001

5. Joo HG: Altered maturation of dendritic cells by taxol, an
anticancer drug. J Vet Sci 4;229-234, 2003

6. Kim HJ, Kim MH, Byon YY, Park JW, Jee Y, Joo HG:
Radioprotective effects of an acidic polysaccharide of Panax
ginseng on bone marrow cells. J Vet Sci 8;39-44, 2007

7. Joo HG, Goedegebuure PS, Sadanaga N, Nagoshi M, Bern-
storff W, Eberlein TJ: Expression and function of galectin-3,
a beta-galactoside-binding protein in activated T lymphocytes.
J Leukoc Biol 69;555-564, 2001

8. Morelli AE, Zahorchak AF, Larregina AT, Colvin BL, Logar
AJ, Takayama T, Falo LD, Thomson AW: Cytokine produc-
tion by mouse myeloid dendritic cells in relation to diffe-



100 Mi-Hyoung Kim and Hong-Gu Joo

rentiation and terminal maturation induced by lipopolysa- 10. Lu L, Bonham CA, Chambers FG, Watkin SC, Hoffman RA,
ccharide or CD40 ligation. Blood 98;1512-1523, 2001 Simmons RL, Thomson AW: Induction of nitric oxide
9. Green §J, Scheller LF, Marletta MA, Sequin MC, Klotz FW, synthase in mouse dendritic cells by IFN-gamma, endotoxin,
Slayter M, Nelson BJ, Nacy CA: Nitric oxide: cytokine- and interaction with allogeneic T cells: nitric oxide production
regulation of nitric oxide in host resistance to intracellular is associated with dendritic cell apoptosis. J Immunol 157,

pathogens. Immunol Lett 43;87-94, 1994 3577-3586, 1996





<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


