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Abstract Plant-extracted flavonoid glycosides have been reported to be bioactive compounds with
pleiotropic functions, including antioxidant, anti-inflammatory, and anti-cancer effects. This study
investigated the anti-inflammatory role of linarin (acacetin-7-rutinoside, which is found in Chrysanthemum
indicum (Gam-Guk) and Dendranthema zawadskii (Gu-Jul-Cho)), on lipopolysaccharide-stimulated
RAW264.7 macrophages. Linarin treatments exhibited no cytotoxicity up to a concentration of 30 uM,
as assessed by MTT assay. The production of nitric oxide, an inflammatory mediator, was decreased by
addition of linarin. The secretion of pro-inflammatory cytokines, interleukin-1f3 and interleukin-6, was
significantly decreased in a dose-dependent manner. Linarin also decreased the phagocytic ability of
macrophages following co-culture with fluorescent beads. In addition, expression levels of antigen-
presenting surface markers, MHC Il and CD80, were suppressed by linarin. Taken together, these results
indicate that the flavonoid glycoside linarin has an anti-inflammatory effect, in part through the

suppression of phagocytosis, cytokine production, and antigen presentation in macrophages.
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Introduction

Inflammation plays a role in the biodefense system against harmful
stimulation such as pathogens and injured/damaged tissue. This
defense system consists of closely related innate and adaptive
immune responses (1). Among the various immune cells involved in
this complex response, macrophages are unique in that they are not
only the most typical innate immune cells, but are also adaptive
immune-triggering mediators. Furthermore, diet-induced activation
of macrophages has been shown to be relevant to the onset of
metabolic diseases, including obesity, diabetes, and coronary-artery
disease (2).

Macrophages are sub-categorized into two types, those using
classical activation (M1) and those requiring alternative activation
(M2), and both types have different functional phenotypes.
Classically activated macrophages are stimulated by interferon-y and
lipopolysaccharide (LPS), a constituent of the outer membrane of
Gram-negative bacteria, and have been reported to respond as
follows (3). Phagocytosis acts as a primary defense through
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engulfment and decomposition of foreign molecules. Following
phagocytosis, macrophages release inflammatory mediators including
nitric oxide and canonical inflammatory cytokines such as tumor
necrosis factor-o. (TNF-a), interleukin-1p (IL-1B), and interleukin-6
(IL-6), which further trigger recruitment and/or activation of other
immune cells. Following classical stimulation, macrophages were
reported to express antigen-presenting proteins, major histocompati-
bility complex (MHC) Il and cluster of diffrentiation (CD) 80, on their
cell surfaces, thereby further stimulating antigen-specific adaptive
immune cells such as T- and B-lymphocytes (4,5).

Linarin, a major flavonoid glycoside compound (acacetin-7-
rutionoside, Fig. 1) extracted from Chrysanthemum indicum (Gam-
Guk) and Dendranthema zawadskii (Gu-Jul-Cho), has been shown to
have pleiotropic bioactive benefits (6,7). It has been demonstrated to
possess anti-oxidant, anti-cancer, sleep-enhancing, and neuroprotective
effects (8-10). However, the studies on anti-inflammatory properties
of linarin are relatively poor to date. Martinez-Vazquez et al. (10)
reported anti-inflammatory effects of linarin in a mouse model of
edema. Considering that in vivo inflammation mobilizes multiple
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Fig. 1. The structure of linarin.

types of leukocytes, the cellular and/or molecular mechanisms by
which linarin suppressed the inflammations was not described. Han
et al. (12) previously reported that linarin down-regulated TNF-o
production in LPS-stimulated RAW264.7 cells. In that study, TNF-o
was indirectly quantified by using a TNF-a. sensitive cell line, WEHI-
164. The expression of activation markers, i.e., CD80 and CD86 on
RAW?264.7 cells was also demonstrated without quantification and
subsequent statistical analysis. Taken together, the previous studies
indicate a potent role of linarin as an anti-inflammatory phytochemical.

Therefore, the aim of this study was to seek the anti-inflammatory
effects of linarin on LPS-stimulated RAW264.7 macrophage cells and
to investigate the multiple physiological responses.

Materials and Methods

Reagents Linarin (purity 98%) was purchased from ChemFaces
(Wuhan, China). Dulbecco’s modified Eagle’s medium (DMEM), fetal
bovine serum (FBS), and antibiotic antimycotic solution were purchased
from Hyclone (Logan, UT, USA). LPS, phosphate buffered saline (PBS),
N-(1-naphthyl)-ethylenediamine, phosphoric acid, and sodium nitrite
were purchased from Sigma-Aldrich (St. Louis, MO, USA). MTT was
purchased from Amresco (Solon, OH, USA). Enzyme-linked immuno-
sorbent assay (ELISA) kits for TNF-q, IL-1f, and IL-6 and anti-mouse
CD16/CD32 purified, anti-mouse CD80-FITC, and anti-mouse MHC
Class Il (I-A/I-E)-APC were purchased from eBioscience (San Diego,
CA, USA). Fluoresbrite™ plain yellow green (YG) 1.0 micron microspheres
(2.6% solids-latex) were purchased from Polysciences (Warrington,
PA, USA). Dimethyl sulfoxide (DMSO) and ethyl alcohol anhydrous
(99.9%) were purchased from Daejung Chemical Co. (Siheung,
Korea).

Cell culture and treatment The mouse macrophage RAW264.7 cell
line was purchased from the Korea Cell Line Bank (KCLB, Seoul,
Korea). The cells were cultured in DMEM supplemented with 10%
fetal FBS and 1% antibiotic antimycotic solution (10,000 U/mL
penicillin G, 10,000 pg/mL streptomycin, 25 pg/mL amphotericin B)
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at 37°Cin a 5% CO, incubator. Cells (2x10° cells/mL) were pretreated
for 24 h with linarin dissolved in ethanol and then stimulated by
incubating with 500 ng/mL of LPS for 12 or 24 h.

Cytotoxicity assay The cytotoxicity of linarin in RAW264.7 cells was
assessed by MTT assay (13). Briefly, cells (2x10° cells/ mL) were
seeded, exposed to linarin (0, 5, 10, 20, or 30 uM) for 24 h, and then
incubated with LPS (500 ng/mL) for 12 h or 24 h. After treatment
with linarin, MTT solution (5 mg/mL) was added at 10 pL/well, and
cells were incubated for 2-4 h at 37°C before culture supernatant was
removed. MTT formazan was prepared in 100 pL of DMSO, followed
by assessment of absorbance at 540 nm using a micro plate reader
(Bio-Rad, Hercules, CA, USA) to determine the cytotoxicity of linarin.

Nitric oxide quantification Nitric oxide in cell culture media was
measured using Griess reagent (13,14). Cells (2x10° cells/iL) were
cultured with linarin (0, 5, 10, 20, 30 uM) in a 24-well plate for 24 h
and stimulated with LPS for 12 or 24 h. Then, the culture supernatant
was harvested, and 50 pL of Griess reagent (0.1% N-(1-naphthyl)-
ethylenediamine and 1% sulfanilamide in 5% phosphoric acid) was
mixed with an equal volume of the supernatant. After 10 min, the
nitric oxide concentration was measured by absorbance using a
micro plate reader (Bio-Rad) at 540 nm. Sodium nitrate served as a
standard.

Cytokine quantification Pro-inflammatory cytokines, TNF-q, IL-1f3,
and IL-6, in cell-culture supernatants were quantified using ELISA kits,
following the manufacturer’s instructions. Briefly, 100 pL of diluted
capture antibody (Ab) was added to each well and incubated
overnight at 4°C. Supernatant was removed and washed 3-5 times,
repeating the process between each step. Next, 200 uL of assay
diluent was added to each well and incubated for 1 h. Then, 100 pL
of purified standard included in the ELISA kits and culture
supernatant were added to each well and incubated for 2 h. Next,
100 pL of mixed detection Ab and streptavidin conjugated with horse
radish peroxidase (SAv-HRP) was added to each well. After washing,
100 pL of substrate solution was added and incubated for 30 min in



the dark. Next, 50 pL of stop solution was added to each well. Finally,
the cytokine concentrations of the samples were calculated using a
standard curve on the basis of absorbance measured by a micro
plate reader (Bio-Rad).

Assessment of phagocytic activity Phagocytosis of macrophages
was assessed by co-culture of cells with fluorescent beads following
the manufacturer’s instructions. Briefly, cells (5x10° cells/mL) were
pretreated with linarin for 24 h and then incubated with 10 pL of
1x10° particles/mL of yellow green latex-beads (bead size, 1.0 um)
for an additional 1 h at 37°C. Thereafter, the cultured cells were
collected and centrifuged at 300x g for 5 min. Cells were washed
three times with cold PBS, followed by flow cytometric analysis
(Accuri C6 Cytometer; BD Biosciences, San Jose, CA, USA). The results
of phagocytic activity were expressed as mean fluorescent intensity
(MFI).

Analysis of cell surface markers Cell surface antigens of LPS-
stimulated RAW264.7 cells were assessed with fluorescence-conjugated
monoclonal antibodies. Cells (2x10° cells/mL) were treated at the
designated conditions. Cells were harvested and incubated with
purified anti-mouse CD16/CD32 mAbs at 4°C for 15 min for blocking
of non-specific binding of Abs to fragment crystalizable region (Fc)
receptors. Cells were further incubated with fluorescence-conjugated
monoclonal antibodies, anti-mouse CD80 conjugated with fluorescein
isothiocyanate (CD80-FITC), or anti-mouse MHC Il (I-A/I-E) conjugated
with allophycocyanin (MHC 1I-APC), for 15 min at 4°C. Following
incubation with specific antibody, cells were washed three times in
cold PBS and centrifuged at 300x g for 5 min. The MFI was determined
for the 10,000 cells of each sample using a BD Accuri C6 flow
cytometer (BD Biosciences). Histograms were generated and
analyzed by Flowjo V10 software (Treestar, San Carlos, CA, USA).
Statistical analysis Data were expressed as the mean+SEM. Different
letters in a set of data indicate significant differences by one-way
analysis of variance (ANOVA) followed by Tukey’s multiple test using
PRISM 5.0 (GraphPad Software, La Jolla, CA, USA) (n=5, p<0.05). ns; no
significant difference.

Results and Discussion

Cytotoxicity of linarin on RAW 264.7 The cytotoxicity of linarin at
the concentrations of 0, 5, 10, 20, and 30 uM, was assessed by MTT
assay. Specifically, this method measures the absorbance of purple
MTT formazan that was reduced by dehydrogenase of mitochondria
in living cells. As shown in Fig. 2, with the activation of cells by LPS for
12 h, there was not a significant difference in cell viability with
treatment of linarin up to 20 uM. Interestingly, cell viability was
significantly reduced to 80% by addition of 30 uM linarin followed by
LPS treatment for 12 h. In contrast, LPS-stimulation of cells for 24 h
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Fig. 2. Cytotoxicity assessment of linarin by MTT assay in RAW264.7
cells. RAW264.7 cells were incubated with linarin at various doses for
24 h, followed by LPS-stimulation for an additional 12 or 24 h.
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Fig. 3. Effect of linarin on phagocytosis of RAW264.7 cells as assessed
by flow cytometric MFI. After pretreating cells with linarin (0, 5, 10, 20,
or 30 uM) for 24 h, cells were co-cultured with fluorescent latex beads
for an additional 1 h. MFI denotes mean fluorescent intensity.

exhibited no significant differences in cell viability. Indeed, cells
treated with 30 uM linarin showed viability of ~90%. Considering
that a rate of 80% viability of cells following treatments with natural
compounds is generally considered non-cytotoxic, these results
indicate that linarin had no strong influence on the viability of cells
when used at concentrations less than 30 M. This current observation
is in accordance with a report by Han et al. (12), in which the toxicity
of linarin in murine splenocytes was noted in the concentration
range of 20-40 pg/mL.

Linarin inhibits the phagocytic activity of macrophages Phagocytosis,
a “cellular chewing of foreign substances” by macrophages, is an
initial step of innate immunity. Phagocytosis is initiated by interplay
between macrophage surface receptors and ligands on the surfaces
of particles (15). Phagocytic macrophages act via two immune
responses. They mediate a death process through the digestion of
pathogens via lysosomes, and they also make use of phagocytosis to
direct antigens to MHC | and Il (16). In order to assess the role of
linarin in phagocytosis, FITC-conjugated latex beads were used as an
antigen surrogate in this study. The phagocytic activities of the cells
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Fig. 4. Effect of linarin on nitric oxide production in LPS-induced
RAW?264.7 macrophages. RAW264.7 cells were incubated with linarin
(0, 5, 10, 20, or 30 uM) for 24 h, followed by lipopolysaccharide
stimulation for an additional 12 or 24 h. The amount of nitric oxide in
culture media was quantified by Griess reagent.

following treatment with linarin at the indicated concentrations were
measured using flow cytometric analysis and were expressed as MFI.
As demonstrated in Fig. 3, linarin treatment resulted in a reduction in
phagocytic ability of RAW264.7 cells in a dose-dependent manner,
which insured the necessity of further functional studies in down-
stream effector mediators, including production of nitric oxide and
cytokines as well as antigen presentation. In this regard, the current
observation is in accordance with a previous report that a flavonoid
eriodictyol down-regulates the phagocytic properties of LPS-
stimulated macrophages (17).
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Linarin suppresses the production of nitric oxide in RAW264.7 cells
Nitric oxide is synthesized by nitric oxide synthase (NOS), which has
three isoforms; neuronal NOS (nNOS), endothelial NOS (eNOS), and
inducible NOS (iNOS) (17). In macrophages, nitric oxide produced by
inducible NOS (iNOS) of cells activated by LPS and/or IFN-y plays a
key role in the onset of the inflammation that is part of antimicrobial
and cytotoxic effects (18). As presented in Fig. 4, the production of
nitric oxide was decreased by linarin treatment at the concentrations
of 10-30 1M, as determined by the addition of Griess reagent followed
by colorimetric measurement. Excess linarin over 10 uM exhibited
no additional effects, indicating that nitric oxide production was not
dose-dependent. Similarly to the current observation, acacetin, an
aglycon of linarin, was reported to down-regulate the expression of
iNOS (19).

Effect of linarin on the secretion of pro-inflammatory cytokines
Cytokines have a variety of functions in the immune system including
recruitment and activation of immune cells. Pro-inflammatory
cytokines secreted by LPS-stimulated macrophages are reported to
include IL-1pB, IL-6, and TNF-a. (20). IL-1f3, IL-6, and TNF-a are typical
inflammatory response regulation cytokines that have similar functions
but also individual characteristics. IL-6 plays a role as a differentiation
factor of T/B-lymphocytes for antibody production, while IL-1p has a
high potential for inflammation by inducing PGE, production. TNF-o
is known as an endotoxin-induced factor (21). Using commercially
available ELISA kits, these three cytokines were quantified using the
standards provided. As shown in Fig. 5, IL-6 (panel A) production by
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Fig. 5. Effect of linarin on production of pro-inflammatory cytokines,
(A) IL-6, (B) IL-1B, and (C) TNF-o, in LPS-stimulated RAW264.7
macrophages. Cells were incubated with linarin (0, 5, 10, 20, or 30 uM)
for 24 h and were stimulated by LPS for an additional 12 or 24 h,
followed by quantification of cytokines in supernatants by ELISA. IL,
interleukin; TNF, tumor necrosis factor; ND, no detection; NS, no
significant difference.
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Fig. 6. Effect of linarin on the expression of activation markers in LPS-stimulated RAW264.7 macrophages. Cells stained with specific antibodies to
major histocompatibility complex (MHC) Il or cluster of diffrentiation (CD) 80 were analyzed by flow cytometry. (A and C) The representative
histograms of MHC Il (A) and CD80 (C) expression in linarin-treated (30 uM, black) cells vs. control (0 pM, dotted). (B and D) The statistical analyses
of MHC Il (B) and CD80 (D) expression. The expression levels of specific surface molecules are presented in terms mean fluorescent intensity (MFI).

RAW264.7 cells was significantly suppressed by the addition of
linarin in a dose-dependent manner. IL-1( (panel B) production was
not observed following 12 h of stimulation. However, IL-1(3 secretion
into the supernatant following 24 h of activation was remarkably
decreased as the linarin concentration was increased. As for the
effect of linarin on TNF-ou production (panel C), there were no
significant effects on LPS-stimulated cells over 12 h. However, the
production of TNF-ot was shown to be reduced by addition of linarin.
In this regard, Han et al. (12) previously reported that supernatant
from RAW264.7 cells cultured with linarin suppressed the growth of
TNF-a sensitive cell line, indirectly indicating that linarin might affect
the down-regulation of TNF-oo production. The current study
confirmed the hypothesis by direct measurement of TNF-o. using
ELISA. Taken together, these data indicate that linarin has potent
effects on pro-inflammatory cytokine production machinery in
macrophages. Molecular studies will be required to further investigate
these effects.

Linarin modulates the expression of MHC Il and CD80 in LPS-
induced RAW264.7 Macrophages are unique in that they are
categorized as innate immune cells by their lineage but also serve as
professional antigen-presenting cells that further trigger adaptive
immune cells, specifically T/B-lymphocytes (22,23). In this antigen-
presentation, activated macrophages up-regulate the expression of
surface proteins, MHC Il and CD80. MHC Il is a surface receptor that
captures peptides of foreign and self proteins and presents them to
the receptors of T lymphocytes (24). CD80 is a member of the B7
family, which also includes CD86 (25), which presents antigen by
interacting with CD28 on the surfaces of T lymphocytes, resulting in T
lymphocyte activation and differentiation (26). Figure 6A is a
representative histogram of linarin-treated (dotted) and control
(black) macrophages. By the measurement of MFIs of cells under
various linarin treatments, the expression level of MHC Il was
determined to decrease in a dose-dependent manner following the
addition of linarin (Fig. 6B). Likewise, expression of CD80 was
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assessed as presented in Fig. 6C. Linarin also exhibited a reduction in
CD80 expression in a dose-dependent manner, as depicted in Fig. 6D.
Han et al. (12) previously attempted to assess the suppressive effects
of linarin on costimulatory molecules on RAW264.7 cells, though the
quantitative analysis of the surface expression was not clearly
demonstrated. The current study took the advantage of well-
developed fluorescence quantification methods to statistically
analyze the suppressive effects of linarin. These data imply that
linarin suppresses the expression of specific proteins on the surfaces
of macrophages, as well as the dependent antigen-presentation,
though more detailed studies are required for verification of this
finding.

This study investigated the anti-inflammatory effects of linarin on
LPS-stimulated RAW264.7 murine macrophages. Linarin had a
dramatic inhibitory effect on inflammatory responses without
cytotoxicity when used at concentrations up to 30 M. Specifically,
phagocytosis, expression of activation markers, and production of
nitric oxide, IL-6, IL-13, and TNF-a were dramatically regulated by
linarin in a dose-dependent manner. To date, mechanistic studies of
the anti-inflammatory role played by linarin are lacking, though
many in vivo studies have tentatively indicated a use for linarin in
treatment/prevention of inflammation, such as in mouse ear edema
(27). Recently, acacetin, which contains a methoxy group on the B
ring, was reported to be a stronger inhibitor of inflammation in LPS-
induced macrophages (19). In accordance with this finding, the
current study reports pleiotropic effects of linarin on macrophages
though dissection of the mechanisms of these effects are still
required.
Acknowledgments This research was supported by the Basic
Science Research Program through the National Research Foundation
of Korea funded by the Ministry of Science, ICT, and Future Planning
(NRF-2013R1A1A1006288) and by a grant from Kyung Hee University
in 2014 (KHU-20140425).

Disclosure The authors declare no conflict of interest.

References

1. Aderem A, Ulevitch RJ. Toll-like receptors in the induction of the innate
immune response. Nature 406: 782-787 (2000)

2. Chawla A, Nguyen KD, Goh YS. Macrophage-mediated inflammation in
metabolic disease. Nat. Rev. Immunol. 11: 738-749 (2011)

3. Chawla A. Control of macrophage activation and function by PPARs. Circ. Res.
106: 1559-1569 (2010)

4. Gordon S. The role of the macrophage in immune regulation. Res. Immunol.

Food Sci. Biotechnol.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

149: 685-688 (1998)

. Murray PJ, Wynn TA. Protective and pathogenic functions of macrophage

subsets. Nat. Rev. Immunol. 11: 723-737 (2011)

. Kim Y, Han J, Sung J, Sung M, Choi Y, Jeong HS, Lee J. Anti-inflammatory

activity of Chrysanthemum zawadskii var. latilobum leaf extract through haem
oxygenase-1 induction. J. Funct. Foods 4: 474-479 (2012)

. Shim SY, Kang HS, Sun HJ, Lee YJ, Park JR, Chun SS, Song YH, Byun DS. Isolation

and identification of flavonoids from Gujeolcho (Chrysanthemum zawadskii
var. latilobum) as inhibitor of histamine release. Food Sci. Biotechnol. 21: 613-
617 (2012)

. Fernandez S, Wasowski C, Paladini AC, Marder M. Sedative and sleep-

enhancing properties of linarin, a flavonoid-isolated from Valeriana officinalis.
Pharmacol. Biochem. Be. 77: 399-404 (2004)

. Singh RP, Agrawal P, Yim D, Agarwal C, Agarwal R. Acacetin inhibits cell growth

and cell cycle progression, and induces apoptosis in human prostate cancer
cells: Structure-activity relationship with linarin and linarin acetate.
Carcinogenesis 26: 845-854 (2005)

Lou H, Fan P, Perez RG, Lou H. Neuroprotective effects of linarin through
activation of the PI3K/Akt pathway in amyloid-B-induced neuronal cell death.
Bioorgan. Med. Chem. 19: 4021-4027 (2011)

Martinez-Vazquez M, Apan TR, Lastra AL, Bye RA. A comparative study of the
analgesic and anti-inflammatory activities of pectolinarin isolated from
Cirsium subcoriaceum and linarin isolated from Buddleia cordata. Planta Med.
64: 134-138 (1998)

Han S, Sung KH, Yim D, Lee S, Lee CK, Ha NJ, Kim K. The effect of linarin on Ips-
Induced cytokine production and nitric oxide inhibition in murine
macrophages cell line RAW264.7. Arch. Pharm. Res. 25: 170-177 (2002)

Lee HA, Han JS. Anti-inflammatory effect of Perilla frutescens (L.) Britton var.
frutescens extract in LPS-stimulated RAW 264.7 macrophages. Prev. Nutr.
Food Sci. 17: 109-115 (2012)

Jin CH, Lee HJ, Park YD, Choi DS, Kim DS, Kang SY, Seo Kl, Jeong IY.
Isoegomaketone inhibits lipopolysaccharide-induced nitric oxide production
in RAW 264.7 macrophages through the heme oxygenase-1 induction and
inhibition of the interferon-B-STAT-1 pathway. J. Agr. Food Chem. 58: 860-867
(2009)

Araki N, Johnson MT, Swanson JA. A role for phosphoinositide 3-kinase in the
completion of macropinocytosis and phagocytosis by macrophages. J. Cell
Biol. 135: 1249-1260 (1996)

Greenberg S, Grinstein S. Phagocytosis and innate immunity. Curr. Opin.
Immunol. 14: 136-145 (2002)

Lee JK. Anti-inflammatory effects of eriodictyol in lipopolysaccharide
stimulated raw 264.7 murine macrophages. Arch. Pharm. Res. 34: 671-679
(2011)

Blanchette J, Jaramillo M, Olivier M. Signalling events involved in interferon-y-
inducible macrophage nitric oxide generation. Immunology 108: 513-522
(2003)

Pan MH, Lai CS, Wang YJ, Ho CT. Acacetin suppressed LPS-induced up-
expression of iINOS and COX-2 in murine macrophages and TPA-induced
tumor promotion in mice. Biochem. Pharmacol. 72: 1293-1303 (2006)
Coppack SW. Pro-inflammatory cytokines and adipose tissue. P. Nutr. Soc. 60:
349-356 (2001)

Akira S, Hirano T, Taga T, Kishimoto T. Biology of multifunctional cytokines: IL 6
and related molecules (IL 1 and TNF). FASEB J. 4: 2860-2867 (1990)

van Kasteren Sl, Overkleeft H, Ovaa H, Neefjes J. Chemical biology of antigen
presentation by MHC molecules. Curr. Opin. Immunol. 26: 21-31 (2014)
Woldai S. The role of CD80 and CD86 in macrophage activation and its
regulation following LPS stimulation. MS Thesis, University of Ottawa, Ottawa,
Canada (2014)

Todd JA, Acha-Orbea H, Bell JI, Chao N, Fronek Z, Jacob CO, McDermott M,
Sinha AA, Timmerman L, Steinman L. A molecular basis for MHC class II-
associated autoimmunity. Science 240: 1003-1009 (1988)

Sansom DM, Manzotti CN, Zheng Y. What's the difference between CD80 and
CD86? Trends Immunol. 24: 313-318 (2003)

Lim W, Gee K, Mishra S, Kumar A. Regulation of B7.1 costimulatory molecule
is mediated by the IFN regulatory factor-7 through the activation of JNK in
lipopolysaccharide-stimulated human monocytic cells. J. Immunol. 175: 5690-
5700 (2005)

Kim Y, Lee S, Yim D. Biological activities of linarin from Chrysanthemum
zawadskii var. latilobum. Yakhak Hoeji 45: 604-610 (2001)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


