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Immuno-Enhancing Effect of Enzymatic Extract of Sargassum coreanum
Using Crude Enzyme from Shewanella oneidensis PKA 1008
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Yeon-Ji Kim® Young-Je Cho®, and Dong-Hyun Ahn'
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ABSTRACT The immuno-enhancing effects of alginate oligosaccharides from Sargassum coreanum were investigated.
The alginate oligosaccharides were produced by an alginate-degrading enzyme from S. oneidensis PKA 1008. The
degraded alginate oligosaccharides were visualized by thin-layer chromatography developed using a solvent system
of 1-butanol/methanol/water, 4:1:2 (v/v/v). Alginate was degraded into dimmers at 60 h. As a result, the levels of
Thl cytokine [interferon (IFN)-y and interleukin (IL)-2] and Th2 cytokine (IL-6 and IL-10) increased with increasing
incubation time compared to the control in vitro. Enzymatic extract treatment promoted proliferation of splenocytes
at concentrations of 100 and 200 mg/kg at 24 h in vivo. Secretion of IFN-y and IL-2 significantly increased in a
dose-dependent manner at 24 h as well as induced higher production of IgG2a in serum. Natural killer cell activity
was measured and tended to increase. In addition, complete blood cell counts increased in a dose-dependent manner.
These results indicate that alginate oligosaccharides produced by crude enzyme from S. oneidensis PKA 1008 may

have significant immune activities.
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S. oneidensis PKA 10085 #Xz71<1 pH 9, 2% NaCl,
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oA blocking & - W &SNS Fol Aol 2431
"S- A 7t} Biotinylated anti-mouse IFN-y, IL-2, IL-6,
IL-10 mAb¢} streptavidin-horseradish peroxidase con-
jugates go] Aol 1A1ZF RESAIH T PBSTE A& s}
3 o-phenylenediamine(OPD) % Hz0.E % 7}3} citrate
buffer(pH 5.0)8 ¥ 30 &<t Aol A A T}, vt
£S5 AXA77] Y8 2 N HoSO4.Z 3 74eE & microplate
reader(model 550, Bio—Rad, Hercules, CA, USA)=Z 490
nmol 4 FHES SAAT.
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mL lipopolysaccharide(LPS)$} 3 ng/mL concanavalin A
(ConA)E #H7}sle] 37°C, 5% CO, incubator(MCO—lBAC
Sanyo)oll A 46A17F B v stdch 2 3 5 mg/mL MTT
(thiazolyl blue tetrazolium bromide, Sigma-Aldrich Co.)
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methyl sulfoxideZE #7}8}$1 2™ microplate reader
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[gG2a mAb$} streptavidin—horseradish peroxidase con—
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o o] g3te] HWIEZES HAF —3@15& % Duncan® t=4AA

WHo =z X0.05 oA FEE 1] fo4 2ol & HAT}
e

Znt 2 4

1]

£ 2ollE2 MEXtE &l
ol wx}utell S onerdensis PKA 1008 w57} AAksl=
HANE Asta AEE Eeis u 3= A
= %}71 918te] TLC #41& AAletoleh. o A
& 2473k o] & A {8l o] tetramer$} trim-
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Fig. 1. TLC analysis of enzymatic extracts
of Sargassum coreanum by crude alginate
degrading enzyme with various incubation
60 h time.
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Aol FeI A o] & UPYH-E B-elimination
of o3 AEAset o= M%E} 3, Zhu $(18)9)
Aol A Cellulophaga sp. NJ-10] A2tsl= G714 H-3)
a40E 9

Ce =
&3t w3l AIPE MES 7HA AL TLCE A
AsHE GRIg A3}, vhg 3AIZF o S H-E Eal 7] Alztet
o] HZF 602179 A dimers, trimers, tetramers® =3 ¥
< BRIskqih ol & A¥ e E—ﬁﬂ/‘]’%o] thas H]shu
Za9 Aol7F et 1 ol S. oneidensis PKA
1008 w7 AAtele @47t & 1__\_]_—% TalskeE WA e
zpolo A Uo= Aol Ao AT} uletas Zo R}
Hkoll S, oneidensis PKA 1008 f8 =84

1=
24 BYR7L Sengon ARASHYSS HAT
AQov] AL AR BaH F5 BAES ol §3
o MYFH A ZHHAh

HA A AlO|EFIRIC| 2H|Z SH(in vitro)
AA=A Abo]EFFQIC] [FN-y9} IL-2+= T helper 1 cell
(ThDell A Eu) = A 2;-go] AF2A WAk 7]
03 948 e Ao 4R AvH19). [FN-y= 24
st NK Az A Sl A e} RGN EE &3 2 A
SARoZH u AL Hlo] g AdAANSS T
7HN 7 E 2ol (20), IL-2& FA17] AE e NK A 29|
274 A-gate] NK Al 2 2 Axe] S48 4%
(21). IL-4, IL-5, IL-6, IL-10 AF°]E7}912 T helper 2
cell(Th2)oll A MRt B et th22). 1% 1L-69 4
G- TAEONA 0= Ato] EFRRIolm Ap=of o5 WA
WS EAds) TAES} BAIES] 4 B F3t H3 5o 9
Shhal 4] QlTh(23,24). IL-109] 45 UM 574

mlo

H IFN-y, IL-2, [L-69 €8] WY A 7]5& sl Aol
F1o = A M EZe] g A 7]5S Ao =z H

dukgo] HA3] 4P ol&E F JLF 2-3N25). uf
A ZA et Bboll S ooneidensis PKA 1008 f8] &
2 A BE WY 2d5 s doliy] 98] vgA

Lo

3 oujFHe A [FN-y, IL-2, [L-6, [L-109] #H]#S =4
3t tH(Fig. 2). IFN-y 29]% 54 43 0 h, 24 h, 48 h
Ag T 50 pg/mLe] %ol Z+2F 46.80+3.88 pg/mlL,
57.77+7.75 pg/mL, 65.30+6.79 pg/mL 0| ZFS H Yo
™, 100 pg/mLe] FxoldE zHz; 61.88+3.88 pg/ml,
80.3948.72 pg/mL, 93.41+5.82 pg/mL= YEF} vl kA
7rol Z7hgtel wel F oEH o FH|gFe] FUtskE A
o2 YEpgth T3, gzl PBS A2 7+(35.15+2.91
pg/mL)E.TF o] F7hekqlth IL-2 Ale] EFFQl Hnl &
o] A5 72t Rl A ] ujgke] thx74(74.90£2.91 pg/
mL)ET 28 718 Bglon 50 pg/mLel E oA 24 h
AT 87.24+0.97 pg/mLE 7} E9kal, 48 h AT+
= 85.1845.82 pg/mLE 94 ¢l 2}o]7} g1t 1L-6 A}
o]E7}el wnlgke] A9- 507 100 ng/mLe] FXol A A7
¥ [L-6 EH]#Fo] thx7(8.42+5.55 pg/mL)E.t} & A 3]
F7Hs & o ASa, 53] 48 h Ag++= 507 100 ng/
mLe] Fol A zHzF 118.82+12.68 pg/mL, 268.45+3.96
pg/mLE 7 #2348 eI o] & Mao 5(26)9]
Aol A A EZ}3}E chitooligosaccharideZ}F IL—6 2 [FN-
y& BHgo 2N =& WS ans i AT 4
o} A e}, LI 2 THEZH-E 1L—104 U
o= S7Hee Btk 50 pg/mLe] s =l A vz
T-9] EHEF 121.2940.00 pg/mLE.T} 48 h 22| A] 424.03
+13.38 pg/mL= H|FFo| frejA o= F7hehs e
AATh 53] 48 h A&7+ 100 pg/mL %ol 687.36+
2.23 pg/mL% 0 h *12]7-(438.23+11.15 pg/mL)®.t} ¢k
1.58) =718td e 1L-2, IL-6, IFN-y EH|HHT} &
Zo] Bu|g 2712 Jeh9t)h o= Clerici $(27)9] AT
of W2 HAFA At EFFQIQI IL-6, [FN-y 5°] Z&
FrjEo] IL-107 22 FASA Al E7RIEDN v3S

Lo

o] 72 FapA HH w5 AEH A7 G A
Hot webA IL-2, IL-6, [FN-y9] Alo]EFRRIo] F9l R4}
gke] a2 5 el ol Srkete] Henkgo] St
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Fig. 2. Enhancing effect of enzymatic extracts of Sargassum coreanum with incubation time on the production of IFN-y, IL-2,
IL-6, and IL-10 in splenocytes. Means with different letters are significantly different (P<0.05).
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& IL-109] AAe] FA F7tataA
Ao AzE

MIZ 2] proliferation &2l

2 27 B vh-zo AFRS g A v L FAe] B
= Ul vlal Al 2 2Fo]E HolX] gktH(Table 1). S.

UER AT LPS 9 ConAE A 2] & v A

£ nEg 49

LHER 2L

—/1\—< T
255 213
24 h A3 o
o] Z7}sl=
w9 4
Els

Table 1. Changes in spleen and thymus index of mice by enzymatic extracts of Sargassum coreanum with incubation time

Group Dose Spleen index" Rate Thymus index” Rate
(mg/kg B.W.) (mg/g) (group/NC) (mg/g) (group/NC)
NC 0 3.8+0.1 1.00 1.6+0.2 1.00
50 3.6+0.3 0.95 1.5£0.1 1.00
0h 100 3.5+0.2 0.93 1.4+0.3 0.92
200 3.6+0.2 0.99 1.5£0.1 1.01
50 3.5+0.1 0.92 1.5£0.2 0.94
24 h 100 3.4+0.2 091 1.7£0.2 1.10
200 3.7+0.3 0.98 1.7£0.2 1.02
50 3.5+0.1 0.93 1.6+0.2 1.00
48 h 100 3.5+0.3 0.88 1.5£0.1 0.91
200 3.6+0.3 0.89 1.5£0.2 0.91

1)Spleen index=spleen weight / body weight.
2)Thymus index=thymus weight / body weight.
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Fig. 3. Effect of enzymatic extracts of Sargassum coreanum on
the proliferation in mitogen free (A), LPS-activated (B), and
ConA-activated splenocytes (C) of mice. Means with different
letters are significantly different (P<0.05).

at7] 918 vhg-22 MM ES] Thl Abo] E7RQIQI IL-29
IFN-y9¢] #H]2S ELISA assay kite 2 =43l t) WA
[L-29] ®H S BRls)2 Ay} (Fig. 4), MEANS A& A
2 AT A$ controlell A 67.36+1.94 pg/mLe] &
B 1% 050 mg/kg @100 mg/kg
140 - m@200 mg/kg a
120 | AaB A
3 100 |
£
D 80 c
Z 60 -
40 |
20 |
0

Oh 24 h

Incubation time

48 h

Fig. 4. Effect of enzymatic extracts of Sargassum coreanum on
the IL-2 production in mitogen free (A), LPS-activated (B), and
ConA-activated splenocytes (C) of mice. Means with different
letters are significantly different (P<0.05).
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H) 2k

o= g FEES 50, 100, 200
gk Azl atell A 77t 75.59£7.75,
107.80£2.91 pg/mL& Jeh} % 4.@4
o= FHE gttt LPSE Al v Al e] 2

AAME 24 h 4 A FE=A controlZ} Bl P&
o sk EA 0T SIS IelE & UUTH IFN-y &
vEF =4 A3(Fig. 5), MENS HeletA] ke AT
79 controloll Al 63.94+8.72 pg/mLe] EH|FHS B o
U 24 h 34 AHEg FEE14 100 mg/kge 2 2|33
< o 78.33+9.69 pg/mL, 200 mg/kgl. & X 3tS u)
82.44+13.57 pg/mLE Z7}ets selslolth. LPSE 4]
3k v A 2] 79~ controlo| A4 118.08+3.87 pg/mLe] &
Hlgkol] vlal 24 h &4 A FE2ES 200 mg/kgl 2
A2 e%e w 197.59+11.63 pg/mLE oF 1.68)2] Hu)
=715 22138190t} ConAS HEld v gAEe] H9 24 h
Lol 1003 200 mg/kg &7} con-
T oFEA R Frletltt ol &

89.98+2.91,

= fEo] HgA e A S HX = A
7 frAbgE BHES YERISITE. mEkbA] Thl Ale] Bk
giste] SX 295 714 a4 A FEE0 WIgHS
FHAANTIE AL gRlslth
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letters are significantly different (P<0.05).

Fe el gigk wojdll hodghri(29).
S. oneidensis PKA 1008 §# a4 ﬂ
=

2‘5} z'r }O)\g] goﬂoilﬂ%a 04

s
2o
AT
3}o] immunoglobulin(IgG1, 1gG2a) EH| &S 2
(Fig. 6), IgG2a A 2ol 2L ET= ti
S YERY dl2a-2 7,269.84+573.26 ng/mLE LFER
o™, 48 h &4 AT EHELS 50 mg/kg A T-olA
8,619.78+336.59 ng/mL= ﬁ7}t;;-g— 3ol 3}
2hA] whg-2eof] @A A g 5
A A g FEEC] w929 IgGZa

It Hr

T

r-{n:

ZH \4YS3 a9E HoFa 9)\‘:}.
SAEHEL E7FE0H £ NK ME &d =3

ARA WS F sl NK AlEs T4 AlXE, v]Ad
A, A A|E, vlolE] 2o HE MEE AA g F AT
st SAAHES Ak FHAPOZA AMZAIES
L3lA ®rH30). NK Ml3Ee] &2 Asdd 730l o3
e MEe}t A% A 0= G4 A9} oA AEE 9l
2late] WA AEE AAFTF =N M e o] =4
HtH(31,32). S. oneidensis PKA 1008 3 Za4i o =g
of ofgt FURAY F44 FZ FalEC] NK A2 &4
nA e QS SAATHFig. 7). WA A A3 48 h

2k A FEEY EHZ:fL wp9-29] NK A2 &4(%
cytotoxicity)% H] 74 YAC-1 H]£&°] 200:1, 100:1,
50:191 A LSRR Aasts & 4 A} 29
Elae] 24 h aAi sk —ir% 2 200:19] 4% control®]

l



926 RIS R A R b I a i RS
2500
050 mg/kg @100 mg/kg
W 200 mg/kg
2000 +
ABaA ABa A B @ A Al
= e
€ 1500 |
k=)
£
(‘_T) 1000 -
=
500 r
0
NC Oh 24 h 48 h

Incubation time

B2 PR 2GA - 5
12000
050 mg/kg @100 mg/kg
10000 | 200 mg/kg a A NE A
— BaA AB 2 A I
3 8000 | = B
1S
(=)
[ =
~ 6000 -
©
N
Q
D 4000
2000
0
NC Oh 24 h 48 h

Incubation time

Fig. 6. Effect of enzymatic extracts of Sargassum coreanum with incubation time on the production of IgG1 and IgG2a in serum
of mice. Means with different letters are significantly different (P<0.05).

A
ENC W50 mg/kg
60 100 mg/kg 01200 mg/kg
S
>
=
©
@
T
o
X
P4
200:1 100:1 50:1
Effector : target cell ratios
C
ENC |50 mg/kg
60 1 a ©100 mg/kg 01200 mgkg
S
>
=
©
()]
o)
()
X
pz4

200:1

100:1
Effector : target cell ratios

50:1

24.37+5.00%°1 Y&l 50, 100, 200 mg/kg A 2Tl A 2+
7y 27.39£5.02, 33.64%3.99, 35.45+6.02%% = &
Hoz 719 & & itk 10011, 50:19] A% vk

7FA 2 controlel H]E] E% EX o8 TS L}E}ﬂ%"i

3%

th wpebA 2447 ek 4 AP d FEHELS NK A%
Sk EAH R FIMA WgE s FANT= E?Jr%
a9l
SARMEL BTEN T Ul HoH ZA}
ATF F w22 REH AFH3 PG o] g5k At
FANHAHCBO)E Al 33 AxH(Fig. 8), o W EA3h=

W H(WBO), 9Z7(LY) B T4 7T(NE)¢] 200 mg/kg #]
2 oA 48 h B4 AEd 228 =x7} gxTrot

B
ENC W50 mg/kg
60 1 [100 mg/kg 1200 mg/kg
S
2
=
©
@
3
(8]
X
z

200:1 100:1

Effector : target cell ratios

50:1

Fig. 7. Effect of enzymatic extracts of Sargassum coreanum with

0

h (A), 24 h (B), and 48 h (C) incubation time on the enhance-

ment of NK cell activity. Means with different letters are sig-
nificantly different (P<0.05).

Zbstoinh, 55 WPTsE YL e 9L 24 h BAE
Aele AT AL Hold S7HES vehle] /b #&
WE mIE el Ao 47w,

2 o
olmAwe] gaol ot TeRE ARAe] A
4 2 =

=
<

/é]’\]??} Z]:_'-"}‘ EEH 24 h o]—fPlﬂrH T':EHE]7] Algfste] #
60 hollA dimers® 3| EHATE 2 F B]ZAE SA =}

o] g44 22 BIES A3 i vitrool| A W=



ol B A § A%
5
45 L 050 mglkg
0100 mg/kg Ad A A
4T m200 mg/kg
—_ ab
= A
O
m
=
NC Oh 24 h 48 h

Incubation time

0.4

150 mg/kg 0100 mg/kg A
200 mg/kg a A
AaA

MO (%)

NC Oh 24 h 48 h

Incubation time

4o
o
il

Lo

LY (%)

NE (%)

927

2
18
ol\
™
l:x;{v
K

4
150 mg/kg
35 - @100 mgkg A A
3l 200 mg/kg a
AB b
NC Oh 24 h 48 h

Incubation time

0.8

050 mg/kg
0100 mg/kg
0.6 | @200 mg/kg

0.7

0.5
04 | AaB
03

02 r

NC Oh 24 h 48 h
Incubation time

Fig. 8. Effect of enzymatic extracts of Sargassum coreanum on the complete blood count (CBC) in splenocytes of mice. WBC,
white blood cells; LY, lymphocytes; MO, monocytes; NE, neutrophils. Means with different letters are significantly different (P<0.05).

S golgt A3} [FN-y, IL-2, [L-6, IL-109] 49 Za)7}
o] Wwoldr}, w3k Zolmahmte] F4%
& vhg-2mol] AT g AR, MTT
assay 2 HGAH LA 0] F = [FN-y 2 [L-29] 20|
o] A% 24 h ATl RTEY 58 SR FE oFE
Ao F7Hghe YEbIITh [gG2a 1] 75 24 hot
48 h ATl tha F7hslgiom, NK A|3Ee] 49 24
h AgTolA % ojEdor dAo] Frlsted WA
SN ARE BT k. A8 S o] &8t d
ML - 24 h 2 48 h Aol dxtrot
FAE HeER AT o) Ans TFEE ul S onei-
densis PKA 1008 &3 & Ao o|st AR §4%
FZE BolEol WY B AETAES T o]
2 Atol BRI HH|FS SUMAIZIY o ) thekdt i
AZE] A2 F7MNP o2 HYZ 5 g3t
5 vERdS gRltglov, WaFH vt 7143
AEAo gsix= WA Got 1o digh F7HA Q1

T'}:_L =4
(e}
< 2F
z

o

=
=
s
=
3T

ZArel 2
o] e RS A&7 S AT (2016¥) o3}
o ATH YL

REFERENCES

. Bae JM, Cho EK, Kim HY, Kang SH, Choi YJ. 2012. Bio-

logical analysis of enzymatic extracts from Capsosiphon ful-
vescens using the Microbulbifer sp. AJ-3 marine bacterium.
J Life Sci 22: 627-633.

. Mizuno H, Saito T, Iso N, Onda N, Noda K, Takada K. 1983.

Mannuronic to guluronic acid ratios of alginic acids pre-
pared from various brown seaweeds. Bull Jpn Soc Sci Fish
49: 1591-1593.

. Joo DS, Lee JS, Park JJ, Cho SY, Ahn CB, Lee EH. 1995.

Purification and characterization of the intracellular alginase
from Vibrio sp. AL-145. Kor J Appl Microbiol Biotechnol
23: 432-438.

. Kim HY, Hong KH, Choi JD, Park SK, Jung SS, Choi WJ,

Ahn YS, Hong YP, Song OJ, Moon DC, Lee SH, Shin IS.
2006. Development of analytical method for sodium algi-
nate in foods. Korean J Food Sci Technol 38: 1-4.

. Lee JH, Lee EY. 2003. Isolation of alginate-degrading ma-

rine bacteria and characterization of alginate. Korean J Life
Sci 13: 718-722.

. Rehm BH, Valla S. 1997. Bacterial alginates: biosynthesis

and applications. Appl Microbiol Biotechnol 48: 281-288.

. Uo MH, Joo DS, Cho SY, Min TS. 2006. Purification and

characterization of the extracellular alginase produced by
Bacillus licheniformis AL-577. J Korean Soc Food Sci Nutr
35: 231-237.

. Bark SW, Kim KBWR, Kim MJ, Kang BK, Pak WM, Ahn

NK, Choi YU, Park JH, Bae NY, Lim SM, Ahn DH. 2015.
Antioxidant effect of enzymatic hydrolysate from Sargas-
sum thunbergii using Vibrio crassostreae PKA 1002 crude



928

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A8 A -

o
kel
Mo
=
B
o2

enzyme. Microbiol Biotechnol Lett 43: 105-111.

. Iwamoto Y, Xu X, Tamura T, Oda T, Muramatsu T. 2003.

Enzymatically depolymerized alginate oligomers that cause
cytotoxic cytokine production in human mononuclear cells.
Biosci Biotechnol Biochem 67: 258-263.

Sunwoo C, Kim KBWR, Kim DH, Jung SA, Kim HJ, Jeong
DH, Jung HY, Kang BK, Bark SW, Lim SM, Hong YK,
Ahn DH. 2013. Optimization of conditions for the produc-
tion and properties of alginate-degrading crude enzyme from
Shewanella oneidensis PKA 1008. Korean J Microbiol Bio-
technol 41: 372-378.

Kim MJ, Bae NY, Bark SW, Kim KBWR, Park JH, Park
SH, Ahn DH. 2015. Anti-inflammatory effect of alginate
oligosaccharides produced by an alginate-degrading enzyme
from Shewanella oneidensis PKA1008 on LPS-induced
RAW 264.7 cells. Korean J Fish Aquat Sci 48: 888-897.
Yang HP. 2007. Antioxidant and antitumor activities of en-
zymatic extracts from Sargassum coreanum. PhD Disserta-
tion. Jeju National University, Jeju, Korea.

Kang BK, Kim KBWR, Kim MJ, Bark SW, Pak WM, Ahn
NK, Choi YU, Bae NY, Park JH, Ahn DH. 2015. Anti-in-
flammatory effect of Sargassum coreanum ethanolic extract
through suppression of NF-kB pathway in LPS-induced
RAW264.7 cells and mouse. Microbiol Biotechnol Lett 43:
112-119.

Athukorala Y, Lee KW, Kim SK, Jeon YJ. 2007. Anticoagu-
lant activity of marine green and brown algae collected from
Jeju Island in Korea. Bioresour Technol 98: 1711-1716.
Ko SC, Kang SM, Ahn G, Yang HP, Kim KN, Jeon YJ.
2010. Antioxidant activity of enzymatic extracts from Sar-
gassum coreanum. J Korean Soc Food Sci Nutr 39: 494-
499.

Park YM, Won JH, Yun KJ, Ryu JH, Han YN, Choi SK,
Lee KT. 2006. Preventive effect of Ginkgo biloba extract
(GBB) on the lipopolysaccharide-induced expressions of in-
ducible nitric oxide synthase and cyclooxygenase-2 via sup-
pression of nuclear factor-kB in RAW 264.7 cells. Biol
Pharm Bull 29: 985-990.

Wong TY, Preston LA, Schiller NL. 2000. Alginate lyase:
review of major sources and enzyme characteristics, struc-
ture-function analysis, biological roles, and applications.
Annu Rev Microbiol 54: 289-340.

Zhu Y, Wu L, Chen Y, Ni H, Xiao A, Cai H. 2016. Charac-
terization of an extracellular biofunctional alginate lyase
from marine Microbulbifer sp. ALW1 and antioxidant activ-
ity of enzymatic hydrolysates. Microbiol Res 182: 49-58.
Scharton TM, Scott P. 1993. Natural killer cells are a source
of interferon gamma that drives differentiation of CD4™ T
cell subsets and induces early resistance to Leishmania ma-

I
=0

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

32

AAA - 2GA -t

pil pul

jor in mice. J Exp Med 178: 567-577.

. Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S.

2008. Functions of natural killer cells. Nat Immunol 9: 503-
510.

Abbs AK, Lichtman AH. 2003. Cells and tissues of the im-
mune system. In Cellular and Molecular Immunology. 5th
ed. Jason M, Bill S, eds. WB Saunders Company, Philadel-
phia, PA, USA. p 32-33,264-269.

Mosmann TR, Cherwinski H, Bond MW, Giedlin MA,
Coffman RL. 1986. Two types of murine helper T cell clone.
I . Definition according to profiles of lymphokine activities
and secreted proteins. J Immunol 136: 2348-2357.
Kishimoto T, Akira S, Narazaki M, Taga T. 1995. Interleu-
kin-6 family of cytokines and gp130. Blood 86: 1243-1254.
Dienz O, Rincon M. 2009. The effects of IL-6 on CD4 T
cell responses. Clin Immunol 130: 27-33.

Fiorentino DF, Zlotnik A, Vieira P, Mosmann TR, Howard
M, Moore KW, O’Garra A. 1991. IL-10 acts on the anti-
gen-presenting cell to inhibit cytokine production by Thl
cells. J Immunol 146: 3444-3451.

Mao XF, Piao XS, Lai CH, Li DF, Xing JJ, Shi BL. 2005.
Effect of B-glucan obtained from the Chinese herb Astraga-
lus membranaceus and lipopolysaccharide challenge on per-
formance, immunological, adrenal, and somatotropic re-
sponses of weanling pigs. J Anim Sic 83: 2775-2782.
Clerici M, Ferrario E, Trabattoni D, Viviani S, Bonfanti V,
Venzon DI, Clerici E, Shearer GM, Villa ML. 1994. Multi-
ple defects of T helper cell function in newly diagnosed
patients with Hodgkin’s disease. Eur J Cancer 30A: 1464-
1470.

Male D, Brostoff J, Roth DB, Roitt 1. 2006. Cells, tissues,
and organs of the immune system. In Immunology. 7th ed.
Mosby, St. Louis, MO, USA. p 19-58.

Lee HJ, Lim SY, Kang MG, Park J, Chung HJ, Yang SJ.
2015. Beneficial effects of Daebong persimmon against oxi-
dative stress, inflammation, and immunity in vivo. J Korean
Soc Food Sci Nutr 44: 491-496.

Biron CA, Nguyen KB, Pien GC, Cousens LP, Salazar-
Mather TP. 1999. Natural killer cells in antiviral defense:
function and regulation by innate cytokines. Annu Rev Im-
munol 17: 189-220.

Frese-Schaper M, Keil A, Yagita H, Steiner SK, Falk W,
Schmid RA, Frese S. 2014. Influence of natural killer cells
and perforin-mediated cytolysis on the development of
chemically induced lung cancer in A/J mice. Cancer Immu-
nol Immunother 63: 571-580.

Ha Y, Kim OK, Nam DE, Kim Y, Kim E, Jun W, Lee J.
2015. Effect of Curcuma longa L. extracts on natural killer
cells and T cells. J Korean Soc Food Sci Nutr 44: 307-313.




<<
  /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


