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[

, 2001]

[

, 1994]



[, 2000]

2000]



[ ,2005]

[ , 1994]
[Tako et al., 1999a] K- [Qi et al.,
1997a and 1997b; Tako et al., 1998] 1-

[Lin et al., 2000 and 2001]
[Shiroma et al., 2003 and 2007]

[Tako et al., 1999b and

2001]
1913 Killing
[Killing, 1913] Fucus ( )
L-
D- D-
D- D-
[ , 1988]



[Itoh et al., 1993] [Nishino
et al., 1991] HIV [McClure et al., 1992]
[Religa et al., 2000]

[Aisa et al., 2005]

(Cladosiphon okamuranus TOKIDA)

(Phaeophyta) (Phaeophyceae) (Chordariaceae)

25 30cm 1 3.5mm

1978

(1.5x20 m) 11



20,000

10,000

20 ¢

CAF

CAF

[Tako, 2003]

CAF a-1,3-

[ , 1996; Tako et al., 2000]
(CAF)
40 )
1/10
CAF
2 CAF
L_



C-4 [Sakai et al., 2003] CAF

[, 2002]

[Nagaoka et al., 1999; Tako et al.,

2000; Sakai et al., 2003] CAF

[ , 1996] Helicobacter pylori
[Shibata et al., 1999 and 2000]

[Matsumoto et al., 2004]

CAF

CAF

CAF

CAF

CAF



[Ferial et al., 2000; Koyanagi et al., 2003] 2

CAF -
CAF ( CAF)
3 U937
CAF
4 RAW 264.7
CAF



2.1
(Cladosiphon

okamuranus TOKIDA) [

, 1996; Tako et al., 2000]
(CAF)  «a-1,3- L-
L- C-2 D-

D- L-
C-4 [Sakai et al., 2003] CAF

[Nagaoka et al., 1999; Tako et al., 2000;

Sakai et al., 2003]

[Ferial et al.,

2000; Koyanagi et al., 2003] 2

CAF L- 2 1



C-4

[Patankar et al., 1993; Tako et

al., 1999b; Sakai et al., 2003: Shiroma et al., 2003] CAF
CAF
CAF
2.2
2.2.1
2003
(-18 )
2.2.2 CAF
CAF Tako
[Tako et al., 2000] 100 g 5
500 mL 0.05 M HCI 3
0.05 M



545 2

CAF CAF 0.1 M

(Dowex 50Wx4, Dow Chemical Co., MI, USA)

0.05M
CAF
2.2.3
[Dubois et al., 1956]
10 mg 100 mL
1 mL 5
I mL 5mL
30 490 nm
2.2.4
[Bitter et
al., 1962] 2.2.3 0.8 mL

10



4 M 0.1 mL 1M

mL 5SmL
5
- 0.2 mL
10
530 nm
2.2.5
Dodgson
[Dodgson et al., 1962] 10 mg
2M 100
1-
1 mL
200 pL 4
3.8 mL 1 -2%
1 mL 20
360 nm

11



2.2.6

CAF 500 mg

50Wx4)

90%

80

2.2.7

100 mL

2.2.8

CAF

200 mg

50mL

CAF

CAF 500 mg

CAF

Soeda

CAF

N,N’-

CAF

-10%

12

[Nagasawa et al., 1977]

(Dowex

50 mL

0.1

0.05M

13

[Soeda. et al., 1992]

20 mL



3 mL
4 )
CAF
CAF
(Dowex 50Wx4)
2.2.9
CAF 20 mL
100 3

(DX-500, Dionex Co., CA, USA)

15 mM

100 mM

1 mL/ 35

13

50 24

( CAF)
0.05 M
2M
60
CarboPac PA1 (4x250
/150 mM



2.2.10

BioRad Laboratories, Inc., Hercules, CA, USA)

2.2.11 'H-
'H- (NMR)
a500 ) 500.005 MHz
60

propionic-2,2,3,3-d4 acid, salt (TSP, 0.00 ppm)

2.2.12
CAF - CAF
[Hakomori, 1964]
15 mL
2 mL 6

14

(FTS-3000,

(INM

CAF

3-(Trimethylsilyl)

(ppm)

Hakomori

5 mg

1.5¢g

15 mL



mL

mL

20

2 mL

10 mg

15

1

3 mL

1 mL

ImL

(50

100

1.5

0.5



)
0.5 mL
(GCMS-QP
5000, , , ) DB-1 (30 m x
0.25 mm, J&W Scientific Inc., Folsom, CA, USA)
210 270
150 (5 )—>250 (5 / )—>250 (5 )
(125 kPa)
2.3
2.3.1
CAF
67.1 12.1
CAF
13.5 CAF (Figure
2-1)

16



Fuc

Xyl

| —
I
1 1 1 ] I
0 4 B 12 1§ 20

Retention time (min)

Figure 2-1. Liquid chromatogram of hydrolysate of CAF.

4.0 0.03

) L-
CAF  'H-NMR
4.0 1.0
CAF  L- D- D-
4.0:0.03:1.0:1.8:1.0

(Table 2-1) CAF

CAF 51.2 9.8

32.8

17



Table 2-1. Chemical composition of CAF.

Compositions (molar ratio)

Total carbohydrate (%)  Uronic acid (%) Fuc ¥yl GlcA Sulfate Acetate
CAF 67.1 121 4.0 003 1.0 1.8 1.0
2.3.2
CAF
Figure 2-2 3400 2900
1255 cm’ OH O-H CH C-H
S-O [Patanka et al., 1993]
1730 cm™ 1620 cm’
960 cm’™
850 cm™! 800 cm™'
o-
(852 836cm™) CAF
CAF CAF
840 cm’™ CAF
CAF 840 cm’'
CAF
820 cm’™

18



840 cm™

Native
=
AN 1730 cm™ ) Wi CAF
2900 cm™ 4\
i
N 960 cm™
1620 cm™ A\
1255 cm™

# Desulfated

CAF
820 cm™

Oversulfated

CAF

/

I PP P I i I 1 L I P Leosol PR LT PO PP | I X 1 s 1.
4000 3808 IS MO0 00 30 2800 IS0 MO0 2266 ZeD TOOR TEN0 1700 TROE TS0 1400 T30 124 1100 1000 SN 600 700 SHE 408

Wave number (cm™)

Figure 2-2. Infrared spectra of native, desulfated and oversulfated CAF.

2.3.3 'H-NMR
Figure 2-3 CAF  'H-NMR

CAF 5.10 4.79 ppm

H-4 [Mulloy et

19



(A) HOD

-CH3
ﬂ
_OCCHs \
. |
< A |I u\
ey U | /J |
|\ FV) lvlr“ll :il
U\ J
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| -CHs
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|
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Chemical shift (ppm)

Figure 2-3. 'H-NMR spectra of native (A) and oversulfated (B) CAF.

20



al., 1994; Ribeiro et al., 1994] CAF

5.42 5.35 5.08 ppm 2,4-
-L- 2- -O- -L-
-O- L-
[Mulloy et al., 1994; Ribeiro et al., 1994]
4.53 ppm 2,4- -O- -L-
2- -O- -L- H-2
[Mulloy et al., 1994; Ribeiro et al., 1994] 4.89
4.80 ppm 2,4- -O- -L-
-O- -L- H-4
[Mulloy et al., 1994; Ribeiro et al., 1994]
CAF L- C-4 CAF L-
C-2 C-4
234
CAF Nagaoka Sakai

[Nagaoka et al., 1999; Sakai et al., 2003]

- CAF

(Table 2-2) CAF

21
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Table 2-2. Methylation analysis of the native, and desulfated-

deacetylated CAF.

Molar ratio
Derivertives Deduced linkage pattern Native CAF dD:::gt?(lI:?éd CAF
2,3,4-tri-O-methyl-D-glucuronic acid  D-glucuronic acid-(1— 1.0 1.0
2,4-di-O-methyl-L-fucose —3)-L-fucose-(1— trace 3.0
2-mono-O-methyl-L-fucose —3,4)-L-fucose-(1— 3.0 0.2
4-mono-O-methyl-L-fucose —2,3)-L-fucose-(1— 0.7 1.0
1- D- 1,3,4- L-
1,2,3- L- 2,3,4- -O- -D-
2- -O- -L- 4- -O- -L-
1.0:3.0:0.7 -
CAF 1- D- 1,3-
L- 1,3,4- L- 1,2,3- L-
2,3,4-  -O- -D- 2,4-
-O- L- 2- -O- L- 4-
-O- -L- 1.0:3.0:0.2:1.0 CAF
- 2,4- -O- -L-
2-  -O- -L-
1,3- L- C-4

22



2.4

CAF
CAF L- D- D-
4.0:0.03:1.0:1.8:1.0
(Table 2-1) CAF
"H-NMR
CAF 4- -O- L-
CAF 13- L-
D- L-
C-2 D-
L- C-4

[Nagaoka et al., 1999; Sakai et al.,

2003] CAF Figure 2-4
CAF
CAF CAF
13.5 32.8
CAF
"H-NMR CAF 2,4- -O-
-L- 2- -O- -L- 4-

23



HsC o)

HyC HO O 0
o}
OH
H;C Naoaso&z)/r:

- o]

o] OH

H5C Na0;SO o: \\ZOH oH
0 COONa

H,coco O OH

/

COCH, SO;Na SO;Na
i l !
4 4 4
—3) -a-L-Fucp- (1—3) -a-L-Fucp- (1—3) -a-L-Fucp- (1—3) -a-L-Fucp- (1—
2
1
o-D-GlcpA- (1 n

Figure 2-4. The modified structure of CAF. CAF consisted of a-1,3-
linked L-fucosyl residues where D-glucuronic acid residues substituted

at the C-2 and sulfate and acetyl groups at the C-4.

-O- -L- CAF L-

C-4 CAF

24



[Ferial et al.,
2000; Koyanagi et al., 2003] CAF

CAF

25



CAF

CAF L- D-

4.0:0.03:1.0:1.8:1.0

o-1,3- L-

L-

C-4

67.1 12.1

C-2

[Nagaoka et al., 1999; Sakai et al., 2003] CAF

CAF

CAF

26

32.8

CAF

C-2

13.5

CAF

CAF



3.1

(CAF)

Helicobacter pylori

U937

[Linhardt et al., 1997]

(Cladosiphon okamuranus TOKIDA)

[ , 1996; Tako et al., 2000]

[ , 1996]

[Shibata et al., 1999 and

27



2000] [Matsumoto et al., 2004]

Ferial

[Ferial et al., 2000] Koyanagi

[Koyanagi et al., 2003]

CAF

[Patankar et al., 1993; Tako et al., 1999b; Sakai et al., 2003: Shiroma et al.,

2003] CAF

CAF

28



[Majio et

al., 1995; Van Cruchten et al., 2002]

U937

CAF

3.2

3.2.1

2003

29



RPMI1640 (FBS)
Gibco BRL (Grand Island, NY, USA)
3 (CaspACE Assay system Colorimetric)
Promega (Madison, WI, USA)

(APOPercentage™ apoptosis Assay) Biocolor (Belfast, Northern

Ireland) 3 (
IgG) 7 ( IgG)
poly (ADP-ribose) polymerase (PARP) ( IgG)

BD Pharmagen (San Diego, CA, USA)
IgG ( IgG) GE

Healthcare Biosciences (Piscataway, NJ, USA)

3.2.2 CAF
CAF Tako [Tako et al., 2000]
2
3.2.3
CAF Soeda [Soeda et al., 1992] 2

30



3.2.4

CAF [Nagasawa et al., 1977]

3.2.5

U937 (JCRB9021)

( ) 10

FBS 100 IU/mL 100 pg/mL

RPMI1640 37 5 C0,-95%

3

PARP 2% FBS

5
15

3.2.6
WST-1 96
1.0x10° /mL U937 24
U937 72

31



5 mM 2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-

tetrazolium (WST-1) 2 mM 1-Methoxy-5-methylphenazinium
methyl sulfate ( ) HEPES
10 uL 4 37 5 CO0,-95
(Model 650,
Bio-Rad Laboratories, Inc., Hercules, CA, USA) ( 450
nm 620 nm)
3.2.7
U937 1.0x10° /mL 60 mm
24 CAF 20 pg/mL
U937 48 (TS-100F
)
(COOLPIX Microsystem )
3.2.8

APOPercentageTM Apoptosis Assay

32



APOPercentage '™

1.0x10°  /mL
U937
3.2.9 3
3
system

p_
(Ac-DEVD-pNA)
pNA
3
3.2.10
CAF

(180 xg 5 )

2-

SDS

33

60 mm
U937 24
CAF 48 APOPercentage '™
CaspACE Assay
3
(PNA)
3
( ) (405 nm)
U937 CAF
U937 (1.0x10°  /mL)

D-PBS



(0.05 M Tris-HCI 2 SDS 10% )

95 5 (15,000 x g 5 )

DC Protein assay

kit (Bio-Rad Laboratories, Inc.)

10 2-
95 5 (15,000 xg 5 )
SDS
10% SDS
PVDF (Millipore Co.,
Billerica, MA, USA) 5%
0.1%Tween 20 Tris-HCI (pH 7.6) 1
- 3
7 PARP
IgG

ECL Plus Western Blotting

Detection kit (GE Healthcare Biosciences Ltd.)

34



3.2.11

+ Dunnett
p<0.05
3.3
3.3.1 U937 CAF
U937 CAF
Figure 3-1 CAF
20 pg/mL
CAF 1-100 pg/mL
CAF

3.3.2
(apoptotic body) [Kerr et al., 1972 and 1997]

35



(A) 120

-

o

S
*

(o]
o

IS
o

Cell viability (% of control)
[e2]
o

N
o

o

0 1 5 20 100
Concentration of CAF (ug/mL)

(B)

120 1
100 1
80 1
60 1

40 1

Cell viability (% of control)

20 7

0 1 5 20 100
Concentration of desulfated CAF (ug/mL)

(C) 120 -

100 A
80 4
60 4

40 4

Cell viability (% of control)

20 1

0 1 5 20 100
Concentration of oversulfated CAF (ug/mL)

Figure 3-1. Effect of treatment with native (A), desulfated (B) and
oversulfated CAF (C) on cell viability in U937 cells. U937 cells were
treated with native, desulfated or oversulfated CAF (1-100 pg/mL) for
72 h. Data were means = S.E.M. of three independent experiments.
Asterisks show statistically significant differences from the untreated

(control) group (p<0.05).

36



(A) Untreated (B) Oversulfated CAF

Figure 3-2. Microscopic appearance of U937 cells treated without (A) or

with 20 pg/mL of oversulfated CAF (B) for 48 h. At the end of each

culture period, cells were imaged using a phase contrast microscope and

digital camera. Calibration bar is 25 pm.

CAF 20 pg/mL 48 U937
CAF U937
3-2)
3.3.3 CAF
APOPercentageTM
CAF U937
(Figure 3-3) CAF 1 pg/mL

37

(Figure



3.0 -

2.5 1

2.0 -4 *

1.5 { .

1.0 A

0.5 A

Apoptotic cells (relative ratio of control)

0 1 5 20 100
Concentration of oversulfated CAF (ug/mL)

Figure 3-3. Effect of oversulfated CAF on induction of apoptosis in
U937 cells. U937 cells were treated with oversulfated CAF
(1-100 pg/mL) for 48 h. Data were means = S.E.M. of three independent
experiments. Asterisks show statistically significant differences from

the untreated (control) group (p<0.05).

CAF 5 pg/mL

CAF U937

3.34 3 7 PARP
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CAF U937 3
(Figure 3-4) 3
CAF 20 pg/mL 3 48
CAF 1-100 pg/mL
3
CAF U937
3 7 PARP 3 7
32 kDa 35kDa
21 kDa 20 kDa
PARP 116 kDa DNA
3 7 89 kDa 25 kDa
PARP
[Nosseri et al., 1994] Figure 3-5A CAF
20 pg/mL U937 3 7
PARP CAF
0 6 3 12
21 kDa 3
7
CAF 12 20 kDa
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(A)

2.0 -
= 1.8 -1
o
> S 1
S5 1.6 -
*3 : . * *
© o
® o 1.4 -
A
s ()
2 ¢ 1.2 4
c = i
(G
@ 1.0 4
0.8 A
0 3 6 12 24 48
Time course (h)
(B)
2.0 1
=~ 1.8 -
> £ 1 *
5 5 1.6 -
prar} (&)
o N
© o
™ o 1.4 4
28
N ()
2 2 1.2 41
c =
O =
® 1.0 -
0.8

0 1 5 20 100
Concentration of oversulfated CAF (pg/mL)

Figure 3-4. Induction of caspase-3 activity in U937 cells treated with
oversulfated CAF in time (A) and dose (B) -dependent manners. Data
were means £ S.E.M. of three independent experiments. Asterisks show
statistically significant differences from the untreated (control) group

(p<0.05).
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(A)
0 3 6 12 24 48 72 (h)

[ = sow we goe wow o | 32KkDa
l

o wwe @ |21 kDa

Caspase-3

(090 wew o @99 m - - o [¢-35kDa

Caspase-7
. _# |+ 20kDa
- I- P J{—‘I‘IekDa
|25 kDa

(B)
o 1 5 20 (pg/mL)

o= &8 8 —]¢32kDa
l ~= ==|21kDa

1
i
t

“ | ¢+35kDa
w | 20 kDa

L === === — | 116 kDa
| - ~ |25 kDa

Figure 3-5. Induction of caspase-3, 7 activity and PARP cleavage in
U937 cells treated with oversulfated CAF in time (A) and dose (B)
-dependent manners. Immunoblot analysis with anti-caspase-3 for 32
kDa pro-caspase-3 and 21 kDa subunit; anti-caspase-7 for 35 kDa
pro-caspase-7 and 20 kDa subunit; anti-PARP for 116 kDa full-length

and 25 kDa fragment.
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PARP 3 7

116 kDa PARP

PARP Figure 3-5B
48 U937
PARP
3 7
5 ng/mL
PARP

12
25 kDa

CAF 1-20 pg/mL

CAF 1 pg/mL

[Ferial et al., 2000; Koyanagi et al., 2003]

3.4
CAF U937
CAF U937
CAF
CAF
CAF U937
CAF
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Stress

TNFR

Membrane

Signaling

pathways Caspase family

Mltochondrla
v

PARP cleavage
DNA fragmentation

Nucleus

A 4

h 4

/I'-;;P Ks

v

Apoptosis

np

Figure 3-6. Schematic model of signaling pathways involved in

apoptosis.

CAF U937

CAF U937

APOPercentageTM

(Tumor necrosis factor receptor; TNFR) Fas

(Figure 3-6)
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TNFR Fas
C

B cell lymphoma/leukemia-2 (Bcl-2)

[Reed, 2000]

(mitogen-activated protein kinase; MAPK)

CAF U937
3 7 PARP
CAF U937
3 7
CAF U937

4’-dimethyl epipodophyllotoxin 9-(4,6-O-ethylidene-B-D-
glucopylanoside) (etoposide) cis-platinum II diamine dichloride (cisplatin)

Cytosine arabinoside (Ara-C)
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[Kaufman,
1989; Hannaun, 1997; Kanno et al., 2004]
CAF

CAF
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U937 CAF

CAF U937
CAF
CAF
CAF U937
APOPercentage '™
CAF U937 3 7
PARP CAF U937
3 7
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4.1

(NO)
(INOS) L-
[Palmer et al., 1988] NO
[Dennys et al., 1989; Farias-Eisner et al., 1994; Xic et al.,
1995]
(Tumor necrosis factor;
TNF) (Interleukin; IL)

[Balkwill et al., 1989]

[Han et al., 1998 and 2001; Jeon et al., 2000 and 2001;
Pugh et al., 2001; Lee et al., 2004; Iwamoto et al., 2005; Nakamura et al.,

2006; Leiroa et al., 2007]

a7



Figure 4-1

[Jeon et al., 2000; Han et al., 2001; Lee et al.,

2004; Nakamura et al., 2006]

Toll 4 (TLR4) CDI14 Complement
receptor 3 (CR3) Scavenger receptor class A (SRA)

TLR4

[Lemaitre et al., 1996;
Werling et al., 2003] CDI14
TLR4
[Da Silva et al., 2001]
(Lipopolysaccharide; LPS) LPS

[Wright et al.,

1990; Da Silva et al., 2001] CR3

B-

[Thornton et al., 1996] SRA type I/Il 3

B- LPS
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2 e -
= _ i o=
-‘I-W'I'II:-j i o= Fr':f‘{:h_
SHRA CR3 TLR4[ [—JCD14
Membrana

Argeine
: C NI:;
A

MAPKS: p38 MAPK,
ERK1/2. SAPKLINK

Mucleus

Figure 4-1. Schematic model of signaling pathways involved in

macrophage activation by polysaccharides.

[Krieger et al., 1994; Rice et al., 2002]

[Jeon et al., 2000; Lee et al., 2004;

Nakamura et al., 2006] /

(mitogen-activated protein kinase; MAPK)

[Chang et al., 2001; Kyriakis et al., 2001; Pearson et al., 2001] MAPK

p38 MAPK (extracellular signal-regulated

49



kinase; ERK) 1/2 /c-Jun N

(stress-activated protein kinase/c-Jun-N-terminal kinase;

SAPK/INK) MAPK
MAPK (MAPKK) MAPKK
MAPKK (MAPKKK)

MAPK MAPKKK—-MAPKK—-MAPK
MAPK
(Cladosiphon
okamuranus TOKIDA) [
, 1996; Tako et al., 2000]
(CAF) Nagaoka Sakai

[Nagaoka et al., 1999; Sakai et al., 2003] 2

CAF
[ , 1996] Helicobacter pylori
[Shibata et al., 1999 and 2000]
[Matsumoto et al., 2004]
CAF
3 U937 CAF
CAF
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CAF
RAW 264.7
4.2
4.2.1
2003
(DMEM) (FBS)
Gibco BRL (Grand Island, NY,
USA) Escherichia coli (02) LPS
( ) iNOS (
IgG) p- ( IgG)
SIGMA (St Luis, MO, USA) TLR4
( IgG2a) CD14 (
IgGap) CR3 ( IgGap)
SRA type I/II ( IgGap)

SantaCruz Biotecnology (Santa cruz, CA, USA) BD Pharmagen (San Diego,

51



CA, USA) SouthernBiotec (Birmingham, AL, USA) AbD Serotec
(Raleigh, NC, USA) I1gGy, IgGap

Biolegend (San Diego, CA, USA)

p38 MAPK ( IgG) p38 MAPK
( IgG) ERK1/2 ( IgQG)
ERK1/2 ( IgG)
SAPK/INK ( IgG) SAPK/INK
( IgG)
IgG ( IgG) Uo0126 Cell Signaling Technology
(Beverly, MA, USA) SB203580 SP600125

BIOMOL International (Plymouth Meeting, PA, USA)

4.2.2 CAF
CAF Tako [Tako et al., 2000]
2
4.2.3
CAF [Nagasawa et al., 1977]
2
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4.2.4

CAF 2

4.2.5

RAW 264.7 (ATCC

TIB-71) American Type Culture Collection (Bethesda, MD, USA)

10 FBS 100 IU/mL

100 pg/mL DMEM
37 5%C0,-95% 5
15
42.6 NO
RAW 264.7 NO
NOy” QGriess RAW 264.7
5.0x10° /mL 48 24
24
Griess (1%

53



0.1%N-1- 2%
) 10

(Model 650, Bio-Rad Laboratories, Inc., Hercules, CA, USA)

550 nm
NO,"
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Figure 4-2. Increases of NO production (A) and iNOS induction (B) in
RAW 264.7 cells treated with CAF (1-100 pg/mL) for 24 h. NO
production was determined using Griess reaction. Data were means =+
S.E.M. of three independent experiments. Asterisks show statistically
significant differences from the untreated (control) group (p<0.05). Cell
lysates were prepared and subjected to immunoblot analysis for INOS
and p-actin. The equal loading in each lane was demonstrated by the

similar levels of B-actin.
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Figure 4-3. Increases of TNF-a (A) and IL-6 (B) production in RAW
264.7 cells treated with CAF (1-100 pg/mL) for 24 h. TNF-a and IL-6
production were determined using ELISA. Data were means = S.E.M. of
three independent experiments. Asterisks show statistically significant

differences from the untreated (control) group (p<0.05).
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Figure 4-4. Effect of Polymyxin B (PMB) on CAF- or LPS-induced NO
production in RAW 264.7 cells. CAF and LPS were pretreated with PMB
(100 IU/mL) for 1 h. RAW 264.7 cells were treated with PMB-treated
CAF (50 pg/mL) or LPS (1 pg/mL) for 24 h. NO production was
determined using Griess reaction. Data were means = S.E.M. of three
independent experiments. Asterisk shows statistically significant

difference from the CAF or LPS treated groups (p<0.05).
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Figure 4-5. Effect of desulfated, deacetylated and desulfated-
deacetylated CAF on induction of NO production in RAW 264.7 cells.
RAW 264.7 cells were treated with desulfated, deacetylated or
desulfated-deacetylated CAF (50 pg/mL) for 24 h. NO production was
determined using Griess reaction. Data were means = S.E.M. of three
independent experiments. Asterisks show statistically significant

differences from the native CAF treated group (p<0.05).
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Figure 4-6. Receptor mediated NO production induced by CAF in RAW
264.7 cells. RAW 264.7 cells were pretreated with neutralizing
anti-TLR4 (aTLR4), anti-CD14 (aCD14), anti-CR3 (aCR-3) or
anti-SRA (aSRA) antibodies (10 pg/mL) for 2 h, and then treated with
CAF (50 pg/mL) for 24 h. The control groups were pretreated with rat
normal IgG,, or IgG;p (10 pg/mL) for 2 h, and then treated with CAF
(50 pg/mL) for 24 h. NO production was determined using Griess
reaction. Data were means £ S.E.M. of three independent experiments.
Asterisks show statistically significant differences from the IgG;, or

IgG;) isotype-matched control groups (p<0.05).
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Figure 4-7. (A) Time course of CAF-induced MAPKSs phosphorylation in
RAW 264.7 cells. RAW 264.7 cells were treated with CAF (50 pg/mL) for
the indicated time. Cell lysates were prepared and subjected to
immunoblot analysis for phospho-p38 MAPK, p38 MAPK, phospho-
ERK1/2, ERK1/2, phospho-SAPK/JNK and SAPK/JNK. (B) Effect of
MAPK inhibitors on CAF-induced MAPKSs phosphorylation. RAW 264.7
cells were pretreated with SB203580 (30 pMm), U0126 (10 pM) or
SP600125 (30 uM) for 1 h before the onset of treatment with CAF (50
pg/mL) for 15 min. Cell lysates were prepared and subjected to
immunoblot analysis for phospho-p38 MAPK, p38 MAPK,

phospho-ERK1/2, ERK1/2, phospho-SAPK/JNK and SAPK/JNK.
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Figure 4-8. Effect of MAPK inhibitors on CAF-induced NO production
in RAW 264.7 cells. RAW 264.7 cells were pretreated with SB203580 (30
uM), U0126 (10 pM) or SP600125 (30 uM) for 1 h, and then treated with
CAF (50 pg/mL) for 24 h. The NO production was determined using
Griess reaction. Data were means = S.E.M. of three independent
experiments. Asterisks show statistically significant differences from

treated with CAF alone (p<0.05).
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Figure 4-9. Schematic model of signaling pathways involved in

macrophage activation by CAF.
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