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Effects of chitosan pentamer ((GLcN)s) and chitosan hexamer ((GLcN)g) in vivo
and in vitro on gene transcription and protein translation of interleukin-1 (IL-1),
tumour necrosis, factor alpha (TNF-a), interleukin-2 and interferon-y (IFN-vy)
were investigated by relatively quantitative reverse transcription-polymerase chain
reaction and enzyme-linked immunosorbent assay. The results showed that the
expression of IL-1 mRNA, TNF-o mRNA, IFN-y mRNA as well as the secretion
of IL-1, TNF-a and IFN-y can both be promoted by (GLcN)g and (GLcN)s. The
promotion effects caused by (GLcN)g were greater than that of (GLcN)s. Gene
transcription and protein secretion of cytokines were promoted by (GLcN)s and
(GLcN)g in vivo and in vitro and thus the immuno-modulating ability was
promoted. This may be one of the molecular mechanisms for elucidation of
immunity of chitooligosaccharides.

Keywords: chitosan pentamer; chitosan hexamer; cytokines; gene expression;
secretion

Introduction

Chitooligosaccharides (COS), the hydrolysed form of chitin and chitosan, are water-
soluble amino sugars with low degree of polymerisation (DP; Xia, 2001). Generally, the
DP for COS is from 2 to 20. COS include chitin oligosaccharide and chitosan
oligosaccharides. They are homo-oligosaccharides and hetero-oligosaccharides,
connected by B-1,4 indican bond between N-acetyl-D-glucosamine (GLcNAc) and
D-glucosamine (GLcN). Previous studies showed that COS possessed not only some
similar properties to chitin and chitosan, but also special physiological activities or
functional properties that differed from chitin and chitosan (Jeon, Shahidi, & Kim,
2000). Recent studies of COS are reported to have special functions such as
anti-tumour activity (Du, Bai, & Jin, 2002; Jeon & Kim, 2002; Suzuki et al., 1986),
immuno-stimulating effect (Jeon & Kim, 2001), antimicrobial activity (Kendra,
Christian, & Hadwiger, 1989; Park, Je, Byun, Moon, & Kim, 2004) and radical
scavenging activity (Je, Park, & Kim, 2004). COS with the DP equal to or greater than
six have greater antifungal activity (Kendra & Hadwiger, 1984). Immune activities of
COS have caused interest among researchers (Jeon & Kim, 2001). A low molecular
weight chitosan and a COS mixture isolated from this chitosan hydrolysate were shown
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to have different stimulatory effects on the cell proliferation and IgM secretion of the
human hybridoma HB4C5 cells (Wu & Tsai, 2004). Oligochitosan consisting of
chitohexaose has been reported to have a stimulatory effect on the release of
interleukin-1 beta (IL-1p) and tumour necrosis factor alpha (TNF-a) in macrophages
(M¢) in vitro (Feng, Zhao, & Yu, 2004). However, effect of the DP of COS on gene
expression and secretion of cytokines was not understood. Herein, the immune
mechanism of higher DP chitooligomers (pentamer and hexamer) obtained by
enzymatic hydrolysis of chitosan on gene expression of important cytokines such as
interleukin-1 (IL-1) and TNF-o in M¢ as well as interleukin-2 (IL-2) and interferon-y
(IFN-y) in lymphocytes were studied.

Materials and methods
Materials and reagents

Chitosan pentamer ((GLcN)s) and chitosan hexamer ((GLcN)g) were isolated and
purified from enzymatic hydrolysis of chitosan and their structures were identified by
liquid chromatography/mass spectrometry (LC/MS) in our laboratory. The purity of
(GLcN)s and (GLcN)g was higher than 95% according to HPLC analysis. TRIZOL
reagent and Tag DNA polymerase were obtained from Bio. Basic, Inc. (Markham,
ON, Canada). DEPC was purchased from AMRESCO Inc. (OH, USA) and DNase
I was purchased from Worthington Biochemical Co. (NJ, USA). Agarose I was
obtained from Command Spanish Inc. (MS, USA). Oligo(dT)15, M-MLYV reverse
transcriptase and dNTPs were purchased from Promega Co. (WI, USA). DL-2000
DNA Marker was purchased from TaKaRa Bio. Inc (Dalian, China). RPMI-1640
was purchased from Gibco Inc. (NY, USA). Fetal bovine serum (FBS) was obtained
from Shanghai Institute of Cell Research (Shanghai, China). Lymphocyte separating
medium (specific gravity =1.088) was purchased from Shanghai Biochemical
Reagent Co. Ltd. of Chinese Medicine and Drug Co. (Shanghai, China). Other
reagents were analytical pure products from China.

Target primers specific to murine 1L-1, TNF-o, IL-2, IFN-y and B-actin genes
were generated based on the published sequences in the Genbank database, designed
by software Primer 3 and synthesised by Shanghai Bio-asia biologic technique Co.
(Shanghai, China). The sequences of primers are indicated in Table 1.

Animals

Institute of Cancer Research (ICR) mice, four to six weeks old, weighing 18-22 g,
one-half of each male and female, were obtained from experimental animal central of
Nantong Medical College. All procedures were performed according to the Institute
Ethical Committee for Experimental Use of Animals.

Preparation of murine macrophages (M¢) and splenocytes with chitosan pentamer
((GLcN)s) and chitosan hexamer ((GLcN)g) in vitro

Mice were sacrificed by cervical dislocation and cleansed by 75% alcohol solution.
After the intra-peritoneal administration of sucrose solution (0.34 mol/l), ascites were
harvested and centrifuged, and then the supernatant was discarded. Cell viability was
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Table 1. The primer sequences of murine IL-1, TNF-a, IL-2, IFN-y and B-actin.

Genebank Expected
accession PCR products
Primer name Sequences (5'-3") numbers size (bp)
IL-1 Forward primer: cgacaaaatacctgtggect NM_008361 233
Reverse primer: gcttgtgctctgettgtgag
TNF-a Forward primer: ctcttcaagggacaaggctg NM_013693 669
Reverse primer: gcacctcagggaagagtctg
1L-2 Forward primer: aacctgaaactccccaggat MMIL04 254
Reverse primer: tccaccacagttgetgacte
IFN-y Forward primer: actggcaaaaggatggtgac NM_008337 237
Reverse primer: tgagctcattgaatgcettgg
B-actin Forward primer: gagagggaaatcgtgegtga NM_007393.1 400

Reverse primer: agtacttgcgctcaggagga

determined by trypan blue dye exclusion. The final cell suspension was adjusted to
5 % 10° cells/ml in complete RPMI 1640 culture medium, then the cells were plated in
24 well-plates supplemented with 100 pg/ml (GLcN)s or (GLcN)g. The control group
was added equal volume of medium. The mixtures were incubated at 37°C for48 hin a
ThermoForma water jacketed CO, incubator (USA) in a humidified atmosphere
containing 5% CO,. Supernatants containing IL-1 and TNF-a were collected and
kept at —70°C for measuring the production of IL-1 and TNF-a. Total RNA was
extracted from spleen M¢ by TRIZOL reagent and then mRNA expression of 1L-1
and TNF-o were measured by reverse transcription-polymerase chain reaction (RT-
PCR) methods.

Mice were sacrificed and cleansed by 75% alcohol, and spleens were removed
aseptically and pounded to pieces. The pieces of tissues were filtered with a 200-mesh
nylon net, added slowly to a centrifuge tube with lymphocytes separating medium
and centrifuged. After supernatant medium, subnatant separating medium and
precipitation were discarded, the intermedial layer was retained and centrifuged
again. The cell precipitation was obtained. The final cell suspension was adjusted to
5 % 10° cells/ml in complete RPMI 1640 culture medium, then 100 pg/ml of (GLcN)s
or (GLcN)g was added in 24 well-plates as well as equal volume of medium as
control. The mixtures were incubated at 37°C for 48 h in a 95% humidified
atmosphere containing 5% CO,. Supernatant containing IL-2 and IFN-y were
collected and kept at —20°C for measuring the production of IL-1 and TNF-a. Total
RNA were extracted from spleen splenocytes by TRIZOL reagent and mRNA
expression of IL-2 and IFN-y were performed by RT-PCR.

Preparation of macrophages (M¢) and lymphocytes with chitosan pentamer
((GLcN)s) and chitosan hexamer ((GLcN)g) in vivo

Mice were divided randomly into three groups: (GLcN)s group, (GLcN)g group and
control group. There are eight mice in each group, and they were intraperitoneal
(i.p.) administered with (GLcN)s, (GLcN)g and physiologic saline, respectively, with
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dose of 10 mg/kg/day for three days. Mice were sacrificed by cervical dislocation at
fourth day, and M¢ were obtained by the pre-described method. The production of
IL-1, TNF-a were measured by enzyme-linked immunosorbent assay (ELISA). Total
RNA was extracted by TRIZOL reagent and mRNA expression of IL-1 and TNF-a
were measured by RT-PCR methods.

RNA preparation and reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was extracted using TRIZOL reagent according to the manufacturer’s
protocol. Total RNA was quantified by the ratio of 260/280 nm in Biophotometer
(Hamburg, German). Then, total RNA was dealt with DNase I without RNase to
remove genomic DNA.

To synthesise single strand cDNA, reverse transcription of 2 pug of total mRNA
was carried out in a 25 pl reaction volume using PTC-100TM Peltier Thermal Cycler
(MA, USA) and reaction mixture was as follows: 1 ul RNA oligo (dT)15 primer (0.5
pg/ul), 1 ul RNA M-MLV reverse transcriptase (200 U/ul), 5 pl deoxynucleotide
triphosphate-dNTP mix (2.5 mM of each of dATP, dTTP, dCTP, dGTP), 1 xRT
buffer (10 mM Tris-HCI pH 8.8, 50 mM KCl, 0.1% v/v Triton X-100) in a final
volume of 25 pl. The reaction was performed at 37°C for 1 h, heated at 70°C for 10
min and chilled by ice. Then, reverse transcribed samples — the first train of cDNA
were extracted and kept at —20°C.

The PCR was carried out in a 25 pl reaction volume using 1 pl of the previous RT
reaction product, 0.4 pM of the 5" and 3’ primer, 0.2 mM of each dNTP, 2 mM
MgCl, and 1 U Taq DNA polymerase. The primer sequences are indicated in
Table 1. The amplification reactions were run on PTC-100™ Peltier Thermal Cycler
under different conditions for corresponding target gene which are shown in
Table 2.

Electrophoresis and image analysis

PCR products were separated on a 1.5% agarose gel containing 1 mg/ml ethidium
bromide (EB). Images of EB-stained bands for amplified target fragment were
digitised by SX-300 Image System (Shanghai, China) and quantitatively analysed by
the image analysis software-Scion Image. To reduce the error, the level of f-actin was
served as the control, and the cDNA ratios of target gene/B-actin were estimated.
Collected data were expressed as mean +standard error of arithmetic mean (SEM).
Statistical analysis was performed by statistic software SPSS10.0.

Table 2. The PCR parameters for amplification of target DNA.

Target DNA  Predenaturation = Denaturation Annealing Extension Cycles
IL-1 94°C 35s 55°C 30s 72°C 30s 30
TNF-a 94°C 35s 57°C 30s 72°C 40s 30
IL-2 94°C 4min 94°C 35s 54°C 30s 72°C 30s 31

IFN-y 94°C 35s 53°C 35s 72°C 40s 31
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Table 3. Effects of (GLcN)s and (GLcN)g on gene transcription levels of IL-1 and TNF-o in
macrophages.

Group mRNA level in vivo mRNA level in vitro
IL-1 Control 0.143+0.0152 0.037 +0.0046
(GLcN)s 0.604 +£0.0713** 0.29+0.0392%**
(GLcN)g 0.783 £0.0837**, a 0.536 £0.0064**, A A
TNF-a Control 0.547+0.0599 0.241+0.0185
(GLcN)s 1.350+0.1116* 1.1154+0.1538*
(GLcN)g 8.571+0.7603**, A a 8.673+0.6746**, A A

*P <0.05; **P <0.01, compared with the control; a P <0.05, o A P <0.01, compared with (GLcN)s. The
transcription levels of IL-1 and TNF-a were quantified by the target gene/B-actin densitometric ratio.
Values were means +SEM of three independent experiments each run in triplicate.

Enzyme-linked immunosorbent assay (ELISA)

IL-1, TNF-a, IL-2 and IFN-y assay kits (Diaclose) were used according to supplier’s
instruction. Coated ELISA plates were incubated with 50 pl culture supernatants for
2 h at room temperature, and then 50 pl aliquots of biotin-conjugated antibody was
added and the plates were incubated at 37°C for another 90 min. The plates were
washed thoroughly and 100 pl streptavidin-HRP was added. After incubated further
for 30 min at 37°C, the plates were washed thoroughly and 100 pl substrate solution
(freshly prepared tetramethylbenzidine with H,O, solutions) was added. The plates
were incubated at 37°C for 20 min in a dark chamber and the optical density (OD) at
450 nm was read. Recombinant murine IL-1, TNF-a, IL-2 and IFN-y were diluted
and used as the standard separately.

Results

Effects of chitosan pentamer ((GLcN)s) and chitosan hexamer ((GLcN)s) on mRNA
expression and secretion of interleukin-1 (IL-1) and tumour necrosis factor alpha

( TNF-a) in macrophages (M) in vivo and in vitro

As shown in Figure 1 and Table 3, the expression of IL-1 mRNA and TNF-ao mRNA
in murine M¢ was up-regulated more significantly by (GLcN)s and (GLcN)g group
than control and the transcription levels of IL-1 mRNA and TNF-o mRNA induced
by (GLcN)g exceeded that of (GLcN)s. These results indicated that (GLcN)s and
(GLcN)g both can markedly promote the expression of IL-1 mRNA and TNF-a
mRNA in Mf and (GLcN)g has stronger effect than (GlcN)s. As shown in Table 4,
the secretion of IL-1 and TNF-a increased obviously by the induction of (GLcN)s
and (GlcN)g group than control in vivo and in vitro, and the production of IL-1 and
TNF-a induced by (GLcN)g exceeded that of (GLcN)s.

These results showed that (GLcN)s and (GLcN)g both can markedly promote the
expression of IL-1 mRNA and TNF-o mRNA as well as the secretion of IL-1 and
TNF-a, furthermore (GLcN)g was much more than that of (GLcN)s. The study
indicated that (GLcN)s and (GLcN)g firstly activated the transcription of IL-1
mRNA and TNF-a mRNA through a certain signal conduction, and then produced
a great deal of IL-1 and TNF-a and secreted them from cell.



11: 30 2 Septenber 2009

Downl oaded By: [Uppsala University Library] At:

274 X. Wei et al.

A

2000bp

1000bp
T50bp

500bp

250bp

100bp

B
2000bp

1000bp

750bp
TNF-a
B00bp
B -actin

250bp

100bp

2

1 2 3 4

Marker 6

Figure 1. Effects of (GLcN)s and (GLcN)g on the expression of IL-1 mRNA and TNF-a
mRNA in macrophages in vivo and in vitro. Figure 1A represented the expression of IL-1
mRNA. Figure 1B represented the expression of TNF-oo mRNA. Lanes 1-3 showed
intraperitoneal (i.p.) administration with physiological saline, 10 mg/kg of (GLcN)s and 10
mg/kg of (GlcN)g for three days, respectively. Lanes 4-6 showed murine macrophage cell
treated directly with culture medium, 100 pg/ml of (GLcN)s and 100 pg/ml of (GLcN)g for 48
h at 37°C, respectively. Total RNA was isolated from the macrophages and PT-PCR was
performed.

Effects of chitosan pentamer ((GLcN)s) and chitosan hexamer ((GLcN)s) on mRNA
expression and secretion of interleukin-2 (IL-2) and interferon-y (IFN-y) in
Iymphocytes in vivo and in vitro

As shown in Figure 2A and Table 5, (GLcN)s and (GLcN)g differed little with
control in the expression of IL-2 mRNA in murine lymphocytes both in vivo and in
vitro, and (GLcN)g is different with (GLcN)s in the expression of 1L-2 mRNA.
However, as indicated in Figure 2B and Table 5, (GLcN)s and (GLcN)g were much
stronger than control in the expression level of IFN-y mRNA in murine lymphocytes
both in vivo and in vitro, and the transcription level of (GLcN)gs was much stronger
than that of (GLcN)s. The results indicated that (GLcN)s and (GLcN)e both
couldn’t promote the expression of IL-2 mRNA in lymphocytes. However, we could
conclude that (GLcN)s and (GLcN)g both could markedly promote the expression
of IFN-y mRNA in lymphocytes, and furthermore it revealed that (GLcN)g has
stronger effect than (GLcN)s.
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Table 4. Effects of (GLcN)s and (GLcN)g on secretion of IL-1 and TNF-o in macrophages.

Secretion of cytokines Secretion of cytokines
Group in vivo (pg/ml) in vitro (pg/ml)
IL-1 Control 71.4+8.9 39.4+6.1
(GLcN)s 92.7+8.2% 74.3 +8.8*
(GLcN)g 142.1+11.1%*, A A 94.8+9.4%* A
TNF-a Control 60.1+6.9 34.24+4.0
(GLcN)s 82.4+9.1*% 62.7+7.5%
(GLcN)g 1226 +£12.1%*, A A 91.1£+7.7%*, a

*P <0.05; **P <0.01, compared with the control. a P <0.05; a a P <0.01, compared with (GLcN)s.
Values were means +SEM of three independent experiments each run in triplicate.

As shown in Table 6, (GLcN)s and (GLcN)g differed from control in production
of IL-2 in a dose of 10 mg/kg/day in vivo and in a dose of 100 pg/ml in vitro, although
(GLcN)s and (GLcN)g could promote the production of IL-2 of spleen lymphocytes
at a certain degree. The result was consistent in vivo and in vitro, (GLcN)s and
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Figure 2. Effects of (GLcN)s and (GLcN)g on the expression of IL-2 mRNA and IFN-y
mRNA in lymphocytes in vivo and in vitro. Figure 2A represented the expression of IL-2
mRNA. Figure 2B represented the expression of IFN-y mRNA. Lanes 1-3 showed i.p.
administration with physiological saline, 10 mg/kg of (GLcN)s and 10 mg/kg of (GLcN)g for
three days, respectively. Lanes 4-6 showed murine lymphocytes cell treated directly with
culture medium, 100 pg/ml of (GLcN)s and 100 pg/ml of (GLcN)g for 48 h at 37°C,
respectively. Total RNA was isolated from the lymphocytes and PT-PCR was performed.
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(GLcN)g both could not markedly promote the expressive quantity of IL-2 mRNA
(Table 5) as well as the secretion of IL-2, furthermore that of (GLcN)g was not much
different from that of (GLcN)s. The production of IFN-y was increased more
significantly in (GLcN)s and (GLcN)g group than control in a dose of 10 mg/kg/day
in vivo and in a dose of 100 ug/ml in vitro, and the production of IFN-y induced by
(GLcN)g exceeded that of (GLcN)s.

The results showed that (GLcN)s and (GLcN)g both can markedly promote the
expression of IFN-y mRNA as well as the secretion of IFN-y, furthermore (GLcN)g
was much more than that of (GLcN)s. The study confirmed the stimulation of
(GLcN)s and (GLcN)g was concerned with the production of IFN-y induced by
these two COS which was consistent with Shibata’s results (Shibata, 1998).

Discussion

In our previous studies, we have found that proliferation of splenocytes by (GLcN)g
was obviously more effective than by (GLcN)s and the phagocytic percentage and
phagocytic indexes, and HCs, in mice by i.p. administration of (GLcN)g were much
more than that of (GLcN)s. These data have demonstrated that (GlcN)g has stronger
immune activity than (GLcN)s.

IL-1, TNF-a, IL-2 and IFN-y are extracellular signalling cytokines which are
important immunostimulatory factors in immune network that restrict the growth of
tumour cells and adjust immune system. IL-1 and TNF-o are mostly expressed by
monocytes and M¢. TNF-a and IL-1 synergise in numerous biological functions,
both in vitro and in vivo. IL-1 is important in the host defence against micro-
organisms that reside preferentially inside cells (Denis & Ghadirian, 1994; Rogers,
Tripp, Schreiber, & Unanue, 1994). 1L-1 stimulates the production of other pro-
inflammatory cytokines, except TNF-a which resides upstream from IL-1 in the pro-
inflammatory cytokine cascade (Butler, Maini, Feldmann, & Brennan, 1995). TNF-a
is one of the most important pro-inflammatory and pro-immune cytokines. It is the
most rapidly released cytokine under stress and has the ability to stimulate the
production of other pro-inflammatory cytokines, such as IL-1 and IL-6 (Butler et al.,
1995; Tracey et al., 1987). IL-2, originally known as “T-cell growth factor”, has
immuno-stimulatory and immuno-suppressive effects on the immune system.

Table 5. Effects of (GLcN)s and (GLcN)g on gene transcription levels of IL-2 and IFN-y in
lymphocytes in vivo and in vitro.

Gene transcription Gene transcription
Team level (in vivo) level (in vitro)
IL-2 Control 0.844+0.0876 0.313+0.0425
(GLcN)s 0.882+0.1061 0.479+0.0842
(GLcN)g 0.931+0.1228 0.594 +0.0802
IFN-y Control 0.313+0.0425 0.144+0.0157
(GLcN)s 0.462+0.0342* 0.436+0.0290*
(GLcN)g 1.39740.1671%%, a 0.623 +0.0696**, a

*P <0.05; **P <0.01, compared with the control. a P <0.05; o a P <0.01, compared with (GLcN)s. The
transcription levels of 1L-1 and TNF-y were quantified by the target gene/B-actin densitometric ratio.
Values were means +SEM of three independent experiments each run in triplicate.
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Table 6. Effects of (GLcN)s and (GLcN)g on secretion of IL-2 and IFN-y in lymphocytes
in vivo and in vitro.

Group Secretion in vivo (pg/ml) Secretion in vitro (pg/ml)
1L-2 Control 52.74+11.3 49.3+11.9
(GLcN)s 61.4+10.0 56.8+8.4
(GLcN)g 74.3+10.8 71.9+10.0
IFN-y Control 314450 223419
(GLcN)s 62.446.7%* 41 +5.1*
(GLcN)g 83.34+6.7*%, a 62.54+6.7%*% a

*P <0.05; **P <0.01, compared with the control. a P <0.05; a a P <0.01, compared with (GLcN)s.
Values were means + SEM of three independent experiments each run in triplicate.

IL-2 promotes the proliferation of naive T-cells and their maturation into Type 1
deviated lymphocytess and enhances the cytotoxicity of T-cells and promotes the
production of pro-inflammatory cytokines. Furthermore, IL-2 promotes the
proliferation of natural killer-cells (NK-cells) and of v/d subsets of T-cells
(Robertson & Ritz, 1990; Toribio et al., 1988). The main producers of IFN-y are
activated T-cells and NK-cells. IFN-y is the major activator of M¢ and it stimulates
several macrophage functions such as tumour cell cytotoxicity (Le et al., 1983; Pace,
Russell, Torres, Johnson, & Gray, 1983) and antimicrobial activity (Nathan, Murray,
Wiebe, & Rubin, 1983). IFN-y stimulates the production of IFN-B,, IL-1a, IL-1,
TNF-a, IFN-y, inducible protein (IP-10) and IL-12 in human and murine systems.
Thus, IL-1, TNF-a, IL-2 and IFN-y were paid attention to in this paper as for
immuno-stimulatory activity of (GLcN)s; and (GLcN)g.

There were some reports concerned with gene expression of cytokines of
polysaccharides. Ruan, Fu, Zhou, Hu, and Wu (2006) showed the polysaccharide
L-2 from Lentinus edode significantly promoted TNF-o production and immunity of
the polysaccharide L-2 was associated with TNF-o mRNA expression at the
transcriptional level. Fujihara et al. (1994) reported that the level of TNF-o mRNA
could be measured in 15-30 min when lipopolysaccharide (LPS) acted on
macrophage-like cell J774. The level of mRNA could be tardily increased, the
maximum appeared at 3—6 h and mildly decreased at 8 h. Shibata, Foster, Metzger,
and Myrvik (1997), Shibata et al. (1998) and Shibata et al. (2001) found that chitin
can activate M ¢ and make M¢ secret IL-12, IL-18 and TNF-a, and at the same time
chitin can induce spleen cells to produce IFN-y. The effect of chitin activating M ¢
and the effect of IFN-y inducing M¢ to secret cytokines responded and affected
each other. From these studies, we can find that the activation of immune cells and
gene expression of cytokines affected each other and the immune mechanism of
polysaccharides is based on the expression of cytokines in vivo and in vitro.

As for the immune mechanism of COS, there were also some reports based on
cytokines in vivo or in vitro. Tokoro et al. (1988) studied the anticancer effect of
(GIcNAc)s and found that (GIcNAc)g could stimulate Mf to produce IL-1 and
stimulate spleen cell to produce IL-2. Gorbach et al. (1994) synthesised a kind of
COS derivatives and the experiments showed that it could promote Mf to produce
IL-1 and TNF-a. However, in their studies, the cytokines were measured by cell
proliferation assay. Feng, Zhao, and Yu (2004) investigated the release of IL-1p, and
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TNF-o on protein translation level in M in vitro induced by oligochitosan by
ELISA, but in this study COS mixtures were used instead of monomers.

In order to further elucidate the immune mechanism of COS, especially
monomers, we used (GLcN)g monomer and (GLcN)s monomer which were
prepared in the lab as the material and the expression of IL-1, TNF-a, IL-2 and
IFN-y based on transcription level and translation level were investigated in vivo and
in vitro. Regarding the dose in vitro, we did preliminary test of ConA stimulating the
multiplication of thymus gland cell and concentration dose of 0, 50, 100, 200 and
500 pg/ml were used. The test showed that the transcription levels of IL-1 increase
significantly in a dose-dependent manner. We chose 100 pg/ml as the best
stimulatory concentration to assess the gene transcription and release of IL-1,
TNF-a, IL-2 and IFN-y in vitro. (GLcN)g monomer and (GLcN)s monomer both
can promote the gene transcription and protein translation of IL-1, TNF-o and
IFN-y in vivo and in vitro, and the effect of (GLcN)g was better than that of
(GLcN)s. It indicated that (GLcN)g and (GLcN)s could promote the immune
mediation obviously of mice based on the gene transcription level of IL-1,TNF-a
and IFN-y as well as the protein translation level of these cytokines. After chitin
oligosaccharides or chitosan oligosaccharides was treated on mice, M¢ were
activated and adjusted mutually with other components of immune system which
hastened the production of reactive medium such as reactive oxygen and NO
(Tokoro et al., 1989). Chitin oligosaccharides or chitosan oligosaccharides could
either directly kill pathogen micro-organism or tumour cells by exerting immune
response, or enhance cytotoxic activity and then inhibit tumour cells production by
activating T-cells, NK-cells and some other immune cells through some cytokines
such as IL-1 and TNF-a (Tsukada et al., 1990; Wang & He, 2001). TNF-a could
exert synergetic effect and adjust the proliferation of Thl cell systems together with
IL-1 and IL-2 in vitro collectively (Zhan & Cheers, 1995). These results in our studies
indicate that COS induced innate immune responses by up-regulating IL-1, TNF-a
and IFN-y and then played a role on immune functions of lymphocytes. However, it
was not understood that they could not induce lymphocytes to secret 1L-2. The
reason why the effect of (GLcN)g on cytokines was better than that of (GLcN)s need
to be studied further.
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