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Effects of Chitosan on the Production of Thl and Th2 Cytokines in Mice. Kwang Hyuk Kim*.
Department of Microbiology, Institute for Medicine, Kosin University College of Medicine, Busan 602-703,
Korea - Chitosan is derived from chitin by a process of controlled deacetylation. In the present study,
we investigated the effects of chitosan on the production of cytokines such as interleukin-2 (IL-2), in-
terferon-y (IFN-y), interleukin-4 (IL-4), and interleukin-10 (IL-10) in mice. The culture supernatants of
splenocytes exposed with chitosan alone or chitosan plus cell stimulants, lipopolysaccharide (LPS),
concanavalin A (Con A), and phytohemagglutinin-P (PHA-P) were harvested to assay IL-2, IFN-y,
IL-4, and IL-10 production. IL-2, IFN-y, and IL-4 from splenocytes exposed to chitosan showed a great-
er increase compared to the PBS control group. IL-2 and IFN-y levels in the culture supernatants from
splenocytes exposed to LPS+chitosan were higher than those of the groups exposed to LPS alone. IL-4
and IL-10 levels in the culture supernatants from splenocytes exposed to LPS+chitosan were lower
than those of the groups exposed to LPS only. These findings demonstrate that chitosan upregulates
the immune responses by Thl cytokines (IL-2 and IEN-y) and downregulates those by Th2 cytokines
(IL-4 and IL-10) in LPS-associated immunity. These results show the potential of its usefulness for bal-
ancing the Th1/Th2 immune response, if more research results were accumulated.
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TAZZ 9 T helper (Th) AlEol= ThiA e} Th2H E7}
%o Thl A= interleukin-2 (IL-2), interferon-y (IFN-y)
Y ALlEFIIE, Th2 2= interleukin4 (IL-4), inter-
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ANE g Q7] 2ol dZ e kAl EAete THER
AT cell growth factor, TCGF)Z &2 $th 1 & {24}
AZREE THE IL2E o83t TAHIZE HIXsto] #iids)
M| 3 (natural killer cell, NK cell), lymphocyte-activated killer
(LAK)A X, BMZAGAR14L, drAEA Y A594 59
448 Hlte Zo] BEAA = AT15].

IEN-yi= At 23 B #EQ I8 ABHSo2M 4
ol g AEHES 1@ JHAEIHE FEHY 1F UH
22 9} g7} £3HT IFNy o] HAL THE NKAHE7}
vlo| BAl, A, T2 Fol N ASE WFo2A e
Yo} [FNoy= MHCE 9 48, tjA A 2243}, NKA 284
3}, [gG ofo]iEfe]Z o 24, gufo]# 284, nitric oxide
synthase (NOS) = Goll #Hogri{15].

[L4= BHZ T4 DNATAE S AST F e 42 574
HOZX B AMEGGAAB cell growth factor, BCGF)Z %™
HA oy ILAEA7F FAE S BAEZ2] MHC class I1EA}
o] S F7MA o] AR o] BMEASRIA-1(B cell stim-
ulatory factor-1, BCF-1)2A A& 7% sttt [L4= T2
THZT, v ¥, SV EA A L4 BA
FolA o] 7Hx] RHEEAEH, BAES A, BAE LS, TA
2849 24 5o I A& HAY(15].

IL-10& Th2 Ao A= o] Thl HE9] Ato]E7Q
S WY adA 2710 o] BAE AIETHIA
3 A Q1 2} (cytokine synthesis inhibitory factor, CSIF)2} 3}
At 2y FAA A2 L1000 A B 245
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=3 PS< Escherichia coli (serotype
026:B6)oll Al 2] FAE FEF(Sigma-Aldrich Corp., St.
Louis, Mo, USA)& A}-8-3}91 3 Con AE PharmaciaAl #&
(Pharmacia Fine Chemicals, Code 17-0450-01, Sweden)%,
PHA-P= CSLA} #|3E(CSL, Cat. 7471001, Australia)S- AH§-3}
At} IL-2, IFN+y, IL4, IL-10E ZA3}7] 913 A 2F2 Mouse
IL-2, IFN-y, IL-4, IL-10 ELISA kit (eBioscience, San Diego,
CA, USA)E o] &3ttt

HIZM 2R 452
B AM TS A=d FoH)= vy 24 HAAE 25
A& 10% 7} HA & BotE A S 718 RPMI 1640 (Gibeo
BRL., Grand Island, NY, USA) #j A& ml % 2x10° A £7}
HEE 2Aste], 24 wells tissue culture plate (Costar,
Cambridge, MA, USA) 1 ml 4 £5¢ & 7|EAF 3.0, 100,
300 ugS 4z Z-&A1A 37°C, 5% CO, v 7100wl 3} .
T3 LPS 2.0 pgolyt Con A 2.0 pg &2 PHA-P 1.0 pg¥<]
B3 A APEsh 2T PBSH S AR T
W FAIZEE 3719 26l 24128 72A 7o 2 ST, )

ol B & AF wFA S FAS the 300% goll A 10871
10,000 goll Al 3087 LA A F 1 FFAE A
-70°Ce] A3,

-2, IFN-y, 14, IL-10 Z8

1]2] 96 wells microplate®] mouse IL-2, IFN-y, IL-4, IL-10
o !t capture A coating bufferol] 3|43t 100 pl 4-&
_‘rb_l_ z:g_ kA Coﬂ/q o]—E H} H]-x]—a—}fﬁq_ E}_O_ v plateg ,q];‘(-l
& gFHoZ 51 MASH $ assay diluent 250 ul A& 53

E

T A2A 1A A AT A E & %" H
A Z 3 T plated] 7 welldl] A1 100 ul 4 & 3 ’5‘}’3}04 %
o A 24 7F Eot WX 5L} oju] A|RE IL- 29} IFN v 7

Fole 722 Mg FF AL, [L-49F IL-109] 790l 244]

g A Agetdh AHE g5 ‘ﬂiii 551 A4 g

Xﬂ 100 pl A& #F3 F Aol 143 52

AZFHo 72 59 M A3 I avidin-horse-

radish perox1dase o} 100 pl A& & } ato] Al Aol M 30
B ol wxslnh A HE gEdoz 73 A A3 T tetra-

methylbenzidine®] 28 7] ¥ 100 pl N Hslste] A
A 158 FUA WA F stopd 50 pl NS 7hete W&
A A Zt}. Optical density= microplate reader (Model 550

microplate reader, Bio-Rad, Richmond, USA)E ©]-8-3}¢] 450

nmel| A Z4 s

Soat 2A
o 1 =1

AYPAH e HF e PFF+EFAXE Yehyon 7t
7t EAEZ A E Student's t-testES AMEsIA PZLo)

A
0.05 7Tt wf 99 gle AZ HFIH

FIEA0 25 |2 MAof K3}

Agukg-20] v A EEE AEFFA 7 ENS &
EAAE W AREHE IL29 F& 3% *8} t}. 7154, 3 ug
/mlE AEAH S o [L27} 12752 pg/ml2 thZ279] 11457
pg/ml Bt 54 Ueht fo S7HE4ES BA0H, 10 ug
Jmlg 27 S Y 8028 pg/mlS Uehfo] foJd 74
EE UET 30 pg/mlS 2EAZE Hol & 89.04 pg/ml
S Yehfo] §98 72 a3E YebichFg 1). ok v
M Eo] LPSE 2.0 ng AL AAL u) 1L-29] AL 198.74
pg/ml& YeRfo] tiz7el st 2 45& HYow LPS
20 pg@ 71EA 100 pge A AENAS WE 24715
pg/mlo.E e} LPS B A Bt frof A F7het%
CH(Table 1). H$-2~ BIZA Eo]l Con AZ 20 pge 2HEAAS
w) IL-29] AL 297.76 pg/mlS Uehfo] thzol Hlato]
2 37He Bem Con A 20 ug# 71E4H 100 pgs 37
282 7S Y& 287.83 pg/mle.E YEY Con A ©5 2Hg
Ale} frAFSH S THTable 2). vF9-2 B A o] PHA-PE 1.0
ugs AEAIZ S W IL-29] B4 7165 pg/mlS LER o]
2ol Blste] #AE HYorm PHAP 1.0 ugd 7| EA
100 pg& 7 FEAAE W= 10590 pg/mlez yehy
PHA-P &5 2-8A| R #2687 S 71st ¢l th(Table 3). whe}
A g MFAETL WAL QRS JAHME A4S
Hho} [L29] WAL §53gom HjA Lo 7| EARS 284
AL A G 354 L2 Aol Z71EE & 5 A
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Fig. 1. Production of IL-2 (A) and IFN-y (B) by mice splenocytes exposed to chitosan. Splenocytes were cultivated with 3.0, 10.0,
30.0 ug for 72 hr respectively. Control was exposed to PBS. Data shown are mean+SD. “p<0.01 compared to the PBS control.

Table 1. Production of IL-2, IFN-y, IL-4, and IL-10 in mice splenocytes exposed to LPS and chitosan

IL-2 (pg/ml) IFN-y (pg/ml) IL-4 (pg/ml) IL-10 (pg/ml)
Chitosan 80.28+0.28 1.15+0.15 0.28+0.09 ND
LPS 198.74+4.00 125.83+0.45 0.510.23 3.07+0.40
LPS+Chitosan 247.15+7.44" 153.42+2.73" 0.17+0.08 2.51+0.40
Control 114.57+1.38 0.84+0.15 0.230.16 ND

Splenocytes were cultivated with 10 pg/ml of chitosan and 2 pg/ml of lipopolysaccharide (LPS) for 24 (for IL-4 and IL-10) or
72 (for IL-2 and IFN-y) hr. Control was exposed to PBS. Culture supernatants were harvested. Data shown are MeanSD. ND,
not detected. ~P<0.01 compared to the LPS group.

Table 2. Production of IL-2, IFN-y, IL-4, and IL-10 in mice splenocytes exposed to Con A and chitosan

IL-2 (pg/ml) IFN-y (pg/ml) IL-4 (pg/ml) IL-10 (pg/ml)
Chitosan 80.28+0.28 1.15+0.15 0.28+0.09 ND
Con A 297.76£6.55 318.42+0.45 55.47+3.88 4.19+0.39
Con A+Chitosan 287.83£0.21 319.10+0.07 54.25+2.90 5.30+0.40"
Control 114.57+1.38 0.84+0.15 0.23+0.16 ND

Splenocytes were cultivated with 10 pg/ml of chitosan and 2 pg/ml of concanavalin A (Con A) for 24 (for IL-4 and IL-10) or
72 (for IL-2 and IFN-y) hr. Control was exposed to PBS. Culture supernatants were harvested. Data shown are MeanSD. ND,
not detected. P<0.05 compared to the Con A group.

Table 3. Production of IL-2, IFN-y, IL-4, and IL-10 in mice splenocytes exposed to PHA-P and chitosan

IL-2 (pg/ml) IFN-y (pg/ml) IL-4 (pg/ml) IL-10 (pg/ml)
Chitosan 80.28+0.28 1.15+0.15 0.28+0.09 ND
PHA-P 71.65+1.73 0.630.15 0.40+0.08 ND
PHA-P+Chitosan 105.90+4.41" 1.93+0.07" 0.17+0.08 ND
Control 114.57+1.38 0.84+0.15 0.23+0.16 ND

Splenocytes were cultivated with 10 pg/ml of chitosan and 1 pg/ml of phytohemagglutinin-P (PHA-P) for 24 (for IL-4 and IL-10)
or 72 (for IL-2 and IFN-y) hr. Control was exposed to PBS. Culture supernatants were harvested. Data shown are MeantSD. ND,
not detected. P<0.01 compared to the PHA-P group.

e $EE Z7IAL WE 1 440 AAHUT A Con A% BSAlE 71EA] G314 WekE HolA| ghgkont
FE09) LPSE AL FEALE AL ARIZ L2 PHADY A3eAE 7EA A 1L29] A0] 219
o A0l A FAGE B 5 UYWL LPSS AENS B L 5 Atk B, AFEY FFe| G2 Aolz nof Ak
AW L2 A4E B 37188 & 5 Utk Te ole)@ AT Back S0l AEF A7 ABIE F4
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HIGA ERf- ol 7 EHS 87 S W A== TNy
o F& Z33Ath 714, 3 ng/ml AEAIH S o [FNy
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% F7HERE HYor, 10 pg/mlE FEAAE e 115
pg/mlE YERHAL 30 pg /mlS FEA AL Wz 058
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BA A LPSE 20 pgs AEAAS W [Ny A2
125.83 pg/ml& e o] tlzio] Higle] & 45 HAL
# LPS 20 pg¥t 71EAF 100 pgs ¥4 FEA7E W=
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A AL o IFNye] AL 31842 pg/mle UeR)o} thzFd)
Hjsle] & F71E BYon Con A 20 pgd 71EAF 100 pgs
A A7 PE 31910 pg/mleE YEY Con A &5
&A1 9} f-A}3E] T (Table 2). pF$-2~ B34 Lol PHA-PS
10 g FEA7E 9 IFNwy2 B4 063 pg/mle HeERY
of izl Hlste] AE BPom PHAP 10 pg? 71 E4F
100 pgs A FEAAS We 193 pg/mleZ YUY
PHA-P &5 Z-8A BT f93HA 5715t ¢ thTable 3). whe}
A A ol TIEARS ARAIAE A =22 RN B
e RN N9 Aol F7HEE ¢ & Aok Ald =4
A LPSE HIZ A Eo A-EA RS wf= [FN-ye] Age] A
71 £ 4 UL LPSs} 71 EAS 37 2841711 TEN-
v ARE H% S7HES € 5 Atk Con A9 7ol = IFN-
y A9 7P & A5S BYou J1EA] 37} a3k YE
U] ¢kokth PHA-PQ 7 $-ol& IFN-y9] AJAdo] tl 2B}
st A T 7| EAbel oA IFN-yo] Aol F7He S &
= A9tk Xie S[27]% vh9-2 YA 7| Eate] & dlg]
FHE &g Holr [FN-y 9 Al E7HIE froldtAl 5
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Fig. 2. Production of IL-4 by mice splenocytes exposed to
chitosan. Splenocytes were cultivated with 3.0, 10.0, 30.0

pg for 24 hr respectively. Control was exposed to PBS.
Data shown are mean+SD.
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