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Lectin-conjugated praecoxin A is a compound, which is combined Wheat Germ Agglutinin
(WGA) Lectin with praecoxin A and also known to have an anti-tumor activity. In our lab, in
order to investigate its immune reaction other than the anti-tumor activity ever known, we
examined cytokines such as IL-6 and IL-12 through their mMRNA expressions, which are gener-
ally secreted by macrophage both in vivo and in vitro. To analyze, we used RT-PCR for total
RNAs of macrophages. As a result, we obtained that both in vitro and in vivo, lectin-conju-
gated praecoxin A showed an interesting increase on IL-6 and IL-12 even though it may be lit-
tle hard to say the conjugated form is absolutely more effective than that of lectin or praecoxin
A alone for immune response activities. Those results suggest that the conjugated form may
give an additional opportunity in a future therapeutic use over its immuno activation properties.
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INTRODUCTION

Generally in the body, there is a natural immune
response reacting with target cells by a direct activation
even in a certain state of non-experience to foreign anti-
gens when exposed. The involved cells in these immune
responses are polymorphonuclear lymphocyte, macro-
phage and NK cell. These cells are generally characteriz-
ed by various functions with no relates to target cells to be
attacked. Particularly, macrophage plays a role in various
immune reactions and acts as an antigen presenting cell
(APC) when exposed to antigen in process of a specific
immune reaction. Furthermore, it plays an assistant role in
the immune reaction of lymphocytes by producing various
substances including cytokine (Adams et al., 1984; Roitt
et al., 1989).

Macrophage is developed from stem cells in the midst
of proliferation of the blood cells in bone marrow and
moved into different body sites, where lastly located in
matured form. During this period, certain cells may go to
peritoneal area (Van, 1982). Monoblast producing myelo-
monocytic stem cells have great self-renewal capacity in
cells (Goud et al., 1975). In the next maturation stages of
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bone marrow, promonocyte is transformed into monocytes
and maintained in circulatory system of the body. Mono-
cyte then moves into other organs even though there is
no local inflammatory, but monocytes located in tissues
are not returned to its origin. In other words, monocytes
are adequately assimilated in their tissues with a proper
shape and function and become a site specific macro-
phage. These changes of monocyte are occurred by a tissue
specific stimulation. For example, monocyte is developed
to tissue specific cells, such as kuffer cell in liver, synovial
macrophage in cartilage site, peritoneal macrophage in
peritoneal cavity and microglia in brain. Moreover, mono-
cytes also become alveolar macrophage in lungs, which
pass epithelial cells.

Properties of macrophage include a specific response
to stimulants, such as lipopolysaccharide (LPS) or IFN-y,
which is very attractive both in physiological and pharma-
cological way. Such responses of macrophage are known
to produce approximately 100 substances ranging from
32 MW (superoxide anion) up to 440,000 (fibronectin) as
well as cytokines, and to secrete cytolytic protease (CP)
and turmor necrosis factor (TNF), a factor to degrade
tumor cells (Ezekowitz et al., 1984; Sarih ef al., 1992).

In murine, cytokines released from macrophage include
IL-1, IL-6, IL-8, IL-12, TNF, GM-CSF. Cytokine is a protein
of small MW (<8-25 kDa) and consists of single chains.
Certain cytokine is reactive to specific cell forms, and also
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cytokites control important biological reactions, such as
cell growth, cell activation, inflammation, immunity, tissue
recover, ibrosis and morphology. In specific, IL-6 is known
as B cell generator or intercellular stimulator and is produc-
ed in T cell, macrophage, B cell, fibroblast and endotheliai
cell. Alttough IL-6 usually acts in all cells, they induce
antib¢ dy-forming cell when reacted with B ceil. Moreover,
it is cansidered to be an important growth factor for mul-
tiple riyeloma and malignancy of plasma cell. In contrast,
IL-12 is produced by both macrophage and B cell and
induc:s a response of Th1 type and production of IFN-y
when activated by macrophage and NK cell (Brodsky et
al., 1194; Chantry et al., 1991; Clark ef al., 1994; Parker,
1993; Romagnani, 1994; Ullman et al., 1989; Abbas et al.,
1991; Aldra et al., 1993; Arai et al., 1990; Balkwill et al.,
1989; Hirano et al., 1990).

For the study, we used “lectin-conjugated praecoxin A”,
a con;ucated form of praecoxin A (tannin; C;;Hzs0,; M.W.
=952 08 Fig. 1.) with wheat germ agglutininfWGA), a
tumot cell specific (Kim et al., 2001; Ogawara et al., 1987;
Ogavara, et al., 1985). Basically, this lectin-conjugated
praecoxn A was aimed for an antitumor missile agent,
whict is selectively effective on tumor cells (Lee et al.,
1992 Chang et al., 1995).

Ellz gitannin is one of hydrolytic tannins and includes
hexaliycroxydiphenoyl (HHDP) or HHDP particle in mole-
cule. Eliagitannins have been isolated more than that of
galiotannins, and these ellagitannins are differentiated
from nthar tannins in that those can be isolated as relatively
stab.e: substances. In light of this, such properties of ella-
gitannin provide us with possibilities of physiological and
pharriacological activities (Nishioka, 1983).

Basiec on the backgrounds of above, we tried to study
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Fig. 1. Th2 chemical structure of praecoxin A
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on the role of macrophage when exposed to lectin-con-
jugated praecoxin A. This study was targeted to prove
additive effects other than an anti-tumor effect by lectin-
conjugated praecoxin A, particularly in immune reaction
and mechanical activity of macrophage.

METHODS AND MATERIALS

Test animal

The study was performed by using 5 week-old ICR
mice with one week of adaptation period (total 6 week old
ICR mice).

Test drug

Praecoxin A (a purified ellagitannin; M.W. = 952.08),
Lectin (Wheat Germ Agglutinin, WGA), Lectin-conjugated
Praecoxin A. were taken by sterilizing through 0.22 um
filter after the complete dissolution in RPMI and PBS (pH
7.2).

Reagent

LPS; E. coli serotype 0111:B4 (Sigma Chem. Co., U.S.A),
ethyl ether (Tedia Company, Inc. U.S.A.), FBS (Gibco
BRL., U.S.A)), penicillin-streptomycin (Gibco BRL., U.S.A)),
trypsin-EDTA (Gibco BRL., U.S.A.), total RNA extraction
kit (Pharmacia Biotech Co., U.S.A.), DEPC (Sigma Chem.
Co., U.S.A.), B-mercaptoethanol (Sigma Chem. Co., U.S.A)),
ethanol (Merck Co., Germany), RT-PCR kit (Bioneer Co.,
U.S.A), trizma base (Sigma Chem. Co., U.S.A.), EDTA
(Sigma Chem. Co., U.S.A.), bromphenoi blue (Sigma
Chem. Co., U.S.A)), glycerol (Pharmaco-Chemical Industry
Co., Ltd., Japan), acetic acid (Pharmaco-Chemical Industry
Co., Ltd., Japan), ethidium bromide (Sigma Chem. Co.,
U.S.A)), agarose (Sigma Chem. Co., U.S.A.), RPMI 1640
(Sigma Chem. Co., U.S.A.) and trypan blue (Sigma Chem.
Co., U.S.A), 1Kb DNA ladder (Promega Co., U.S.A.) were
used. In addition, other buffers and reagents used in the
study were formulated in lab with the first or super graded
reagents.

Tools and equipments

Clean bench (VISION Scientific Co., Korea), CO2-in-
cubator (SANYO Electric Co., Japan), centrifuge (VISION
Scientific Co., Korea), microcentrifuge (VISION Scientific
Co., Korea), deep freezer (SANYO Electric Co., Japan),
inverted microscope (OLYMPUS Optical Co., Japan),
electrophoresis (VISION Scientific Co., Korea), vortex
mixer (Scientific Industries INC., U.S.A.), thermal cycler
(Barnstead Thermolyne Corporation., U.S.A.), electronic
balance (A&D Co., Japan), UV-VIS spectrophotometer
(Shimadzu Corporation., Japan), polaroid type 667 fim
(Polaroid Co., United Kingdom), pH meter (Mettler toledo,
Switzerland), autoclave (Vision sci. co., Korea) were used,
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and all other tools and equipments used during the study
were autoclaved at 121°C, 1.1 kg/cm? for 20 minutes.

Peritoneal macrophage separation

Murine macrophage was separated as described pre-
viously (Coligan et al., 1996; Joo et al., 2002). 6 week-old
(20~25 g, male) ICR mice were killed by cervical disloca-
tion and peeled off the abdomen skins, and then serum
free RPMI 1640 medium 6 and air 3 ml were injected into
peritoneal and withdrawn 2-3 minutes after rnassage.
After repeating those procedures up to 3 times, we took
most the peritoneal cells from mouse. The cells were cen-
trifuged for 10 minutes at 100 g after diluting an appro-
priate medium. Precipitated cells were suspended in RPMI
1640 medium and took plate-adhered macrophages 2
hrs after the culture in CO,-incubator, 37°C, 5% CO,, 95
% air.

Macrophage culture

Macrophages were cultured at RPMI 1640 medium in
incubator at 37°C, 5% CO,, and used 3-4 days after the
culture periods for in vitro test.

In vitro Test

Macrophages were taken from 6 week-old ICR mouse
and placed 5x 10° cells on to 75 cm? flask and cultured for
3~4 days. Lectin-conjugated praecoxin A, lectin, praecoxin
A, LPS were used by dissolving in media. To investigate
the efficacy in each drug with macrophage, we followed
protocol as described previously (Coligan ef al., 1996).

After replacing media, lectin-conjugated praecoxin A 1,
10, 100 ug/ml (1.27, 12.7, 127 uM), lectin 10 pg/ml (12.7
uM), praecoxin A 10 ug/ml (12.7 uM) were added and
cultured for 4, 8, 12, 24. Trypsin was added for collecting
cells. Taken cells were stored at -70°C until RNA extrac-
tion. Negative controls were cultured in media and posi-
tive controls were cultured after adding LPS 1 ug/ml (12.7
uM) with the same method of above.

In vivo Test

By designing four 6 week-oid, ICR mice, as a group, the
study was carried out as described previously (Coligan et
al., 1996). Lectin-conjugated praecoxin A, lectin, praecoxin
A, LPS were melted at PBS {pH 7.2) and taken for the
study.

For test groups, lectin-conjugated praecoxin A 1, 5, 10
mg/kg, lectin 5 mg/kg, praecoxin A 5 mg/kg were injected
into mouse peritoneal, and macrophages were taken 4, 8,
12, 24 hours after above procedures. For negative control,
PBS buffer 0.1 ml was added and as a positive control,
LPS 1 mg/kg was added. Test method was performed
with the same protocol as above, and the amount of each
drug was adjusted to 0.1 ml and stored at -70°C until RNA
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extraction.

RNA extraction

5x 10° cells of macrophage were taken after 4, 8, 12,
24 h and followed by RNA extraction. Total RNA extraction
was carried out in accordance with instruction of Pharmacia
Biotech. After deicing cells, LiCl solution 350, B-mercap-
toethanol 3 pl, extraction buffer 150 pl, CsTFA 500 ul were
added and lysed by vortexing. To wash the obtained total
RNA, extraction buffer 75 l, LiCl solution 175 pl, CsTFA
250 pl were added, and then 70% of ethanol was added.
After the vortex, ethanol was eliminated after 5 minutes of
centrifugation and they were dried for 15 minutes at room
temperature. 0.1% DEPC-treated water was added to
total RNA and placed them on ice for 15~30 minutes. We
then vortexed and keep them for 10 minutes at 65°C. and
stored at -20°C.

RNA confirmation (RNA loading)

To confirm the obtained RNAs from above, 2 ul of total
RNA was taken and 3 ul of RNA loading buffer, 7 ! of
DEPC water were mixed and then loaded on 1% agarose
gel including ethidium bromide. Until bromphenol blue
was moved up to 2/3 length of the gel, current 70~80A
was maintained for 20~30 minutes, and then confirmed
bands at 260 nm.

RNA quantification (OD measurement)

The concentration of obtained RNA was measured
through spectrophotometer at 260 nm. After calculating
total RNAs described below, we quantified 1 pug of total
RNA for use of Reverse Transcription-Polymerase Chain
Reaction (RT-PCR).

[RNA] = 0D260 nm x D x40 pg/ml (D = final dilution factor)

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

1 ug of total RNA reverse transcription was used and
20 U of Moloney Murine Leukemia Virus reverse transcri-
ptase, 10 U of RNasin, 1 U of thermostable DNA polymerase,
and 20 pf RT-PCR kit including dNTP were used. Protocol
of Bioneer was referred for RT-PCR. RNA 1 ug, oligo(dT)
18 25p mole, primer 50p mol, RNase-free water were
filled up to 20 pl, and the response of reverse transcription
was performed. RNA denaturation was processed for 10
minutes at 57°C by heating, and cDNA was synthesized
for 60 minutes at 42°C. We then inactivated reverse trans-
criptase for 5 minutes at 94 by heating and placed them
on ice (4°C). PCR ampilification was responded for 0.5
min. at 94°C, for 1.5 min. at 55°C, 1 min. at 68°C and am-
plified for 34 cycles. 3 ul of PCR product was loaded on
1.8% agarose gel, and IL-6, 12 primers that used in PCR
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were as bzlow.

IL-6 5 primer TGGAGTCACAGAAGGAGTGGCTAAG
3' primer TCTGACCACAGTGAGGAATGTCCAC
IL-12 5 primer  CTCACATCTGCTGCTCCACAA
3 primer  CTCCTTCATCTTTTCTTTCTT

PCR quantification

The density obtained from cDNA band was measured
throug UVIDocMW (UVI tech, ver. 99.03) computer pro-
gram. n brief, we took a photo of each PCR band, scann-
ed ani iwput the information in computer for the final
meastrernent.

RESULTS

In vitio

In the study, we found that IL-6 mRNA and IL-12 mRNA
were (ele:ased when exposed to study drugs by macro-
phage in a timely manner. However, when adding LPS 1
ug/ml as positive control, both were increased at 4 to 24
hour compared to baseline. In specific, lectin-conjugated
praecoxin A 1 ug/ml increased IL-6 mRNA at 24 hour
compsire] to baseline, and little more increase than that
was found in LPS. In contrast, at 4, 8, 12 hour, it was
slightly insreased compared to baseline signal but increased
more wveakly compared to LPS. In lectin-conjugated prae-
coxin A 10 ug/ml, IL-6 mRNA was increased at 4, 8, 24
hour compared to baseline but was also increased more
weakl; compared to LPS. Moreover, in lectin-conjugated
praecoxin A 100 pg/ml, IL-6 mRNA and IL-12 mRNA were
increzsed at 4 to 24 hour and similarly increased in LPS.
In lectin 10 ug/mi, IL-6 mRNA and IL-12 were slightly
increzsed at 4 to 24 hour but weakly increased compared
to LP 3. n praecoxin A 10 ug/ml, IL-6 mRNA was slightly
increesed at 8, 12, 24 hour compared to baseline but
more weakly increased than that of LPS. Similar results
were observed in IL-12 mRNA. When comparing lectin-
conjujated praecoxin A 10ug/ml, lectin 10 ug/ml and
praecixin A 10 ug/mi, IL-6 mRNA expression revealed little
weak 3r effect in lectin-conjugated praecoxin A than that of
praecoxn A and lectin (Fig. 2). However, no big differe-
nces were found in IL-12 mRNA expression (Fig. 3).

In viro

As described in vitro test, we found that IL-6 mRNA and
IL-12 mRNA were released at untreated baseline even
thoug h it was a small amount. When adding LPS 1 ug/ml
as posit ve control, IL-6 mRNA was increased at 4 to 24
hour, ard IL-12 mRNA was increased at 8 to 24 hour. In
lectin-ccnjugated praecoxin A 1 mg/kg, IL-6 mRNA was
slighty ncreased at 24 hour compared to baseline but
incre.ised more weakly than that was found in LPS. In
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addition, no changes were found in [L-12 mRNA compar-
ed to baseline signal. In lectin-conjugated praecoxin A 5
mg/kg, IL-6 mRNA was increased at 12, 24 hour compar-
ed to LPS. Similar results were observed in IL-12 mRNA.
Moreover, in lectin-conjugated praecoxin A 10 mg/kg, IL-6
mRNA was increased very similarly to LPS, whereas IL-
12 mRNA increased at 12 to 24 hour similarly to LPS and
increased more weakly than that was found in LPS. In
lectin 5 mg/kg and Praecoxin A 5 mg/kg, IL-6 mRNA and
IL-12 mRNA were increased at 12 to 24 hour though such
increase was weaker than that of LPS. In lectin-conjugat-
ed praecoxin A 5 mg/kg, lectin 5 mg/kg and praecoxin A
5 mg/kg, no big differences were found in IL-6 mRNA and
IL-12 mRNA expression (Fig. 4, Fig. 5).

CONCLUSION

in general, there are IL-1 and IL-6, pro-inflammatory
cytokines and IL-12, IL-15, T cell growth and differentia-
tion factors. As described in introduction part, cytokines
released from macrophage include IL-1, IL-6, IL-8, IL-12,
TNF and GM-CSF. Of many cytokines released from macro-
phage, we focused on pro-inflammatory cytokine and T
cell growth and differentiation such as IL-6 and IL-12.

In vitro, IL-6 and 12 mRNA resulted from the treatment
of lectin-conjugated praecoxin A, lectin, praecoxin A with
macrophage were measured by means of times and
doses. As a result, IL-6 mRNA was increased at 24 hour
In lectin-conjugated praecoxin A 1ug/mi, at 4, 8, 24 hour
in lectin-conjugated praecoxin A 10 ug/ml and at 24 hour
both in lectin 10 pg/ml, praecoxin 10 ug/mi, respectively.
However, those all were weakly increased compared to
LPS.

Similarly, in lectin-conjugated praecoxin A 100 pg/mi, IL-
6 mRNA was increased at 24 hour though it was a bit
weaker than LPS. IL-12 mRNA was increased at 4, 8, 12
hour in lectin-conjugated praecoxin A 1 ug/ml, at 24 hour
in lectin-conjugated praecoxin A 10 ug/mi and at 8, 12, 24
hour both in lectin 10 ug/ml and praecoxin 10 ug/m! though
they were a bit weaker than LPS. In lectin-conjugated pra-
ecoxin A 100 pg/ml, IL-12 mRNA was increased at 24 hour
and the increase was almost same with LPS. Therefore, in
vitro, lectin-conjugated praecoxin A is thought to increase
IL-6, 12 mRNA expressions in accordance with time
periods and doses in normal murine macrophage. This
represents that jn vitro, lectin-conjugated praecoxin A can
act as an activating agent of macrophage. In addition,
lectin or praecoxin A itself may also have a possibility to
activate macrophage in a certain degree, in vitro.

In vivo, IL-6, 12 mRNA were measured by times and
doses from macrophage after adding lectin-conjugated
praecoxin A, lectin and praecoxin A into mice. In this result,
IL-6 mRNA was increased at 24 hour in lectin-conjugated
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Fig. 2-1. The effect of lectin-conjugated praecoxin A inducing IL-6 mRNA in murine macrophage in vitro. Total RNA extracted from murine
macrophage 4, 8, 12, 24 hr after applications of 1, 10, 100 pg/ml of lectin-conjugated prascoxin A, 10 pg/ml of lectin, 10/ of praecoxin A, was analyzed
by RT-PCR for the identification and the induction of IL-6 mRNA and B-actin mRNA. 1 pg/ml of LPS was used as a positive control. 1 = Baseline
signal, 2 = Lectin-conjugated praecoxin A 1 ug/ml, 3 = Lectin-conjugated praecoxin A 10 ug/ml, 4 = Lectin-conjugated praecoxin A 100 pg/ml,
5 = Lectin 10 ug/ml, 6 = Praecoxin A 10 ug/ml, 7 = LPS 1 ug/ml.
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Fig. 2-2. The effect of lectin-conjugated praecoxin A inducing IL-6 mRNA in murine macrophage in vitro. (density comparison).
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Fig. 3-'. The effect of lectin-conjugated praecoxin A inducing IL-12 mRNA in murine macrophage in vitro. Total RNA extracted from murine
macrop 1ag2 4, 8, 12, 24 hr after applications of 1, 10, 100 pg/ml of lectin-conjugated praecoxin A, 10 pg/ml of lectin, 10 ug/mi of praecoxin A, was
analyze1 b/ RT-PCR for the identification and the induction of 1L-12 mRNA and B-actin mRNA. 1 ug/ml of LPS was used as a positive control.
* = Baszlin2 signal, 2 = Lectin-conjugated praecoxin A 1 ug/ml, 3 = Lectin-conjugated praecoxin A 10 ug/mi, 4 = Lectin-conjugated praecoxin A

100 pg ml, 5 = Lectin 10 pg/mi, 6 = Praecoxin A 10 pg/ml, 7= LPS 1 ug/ml.
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Fig. 3-2. The effect of lectin-conjugated praecoxin A inducing IL-12 mRNA in murine macrophage in vitro (density comparison).
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Fig. 4-1. The effect of lectin-conjugated praecoxin A inducing IL-6 mRNA in murine macrophage in vivo. Total RNA exiracted from murine
macrophage 4, 8, 12, 24 hr after injections of 1, 5, 10 mg/m! of lectin-conjugated praecoxin A, 5 mg/ml of lectin, 5 mg/mi of praecoxin A, was
analyzed by RT-PCR for the identification and the inducticn of IL-6 mRNA and {3-actin mRNA. 1 mg/ml of LPS was used as a positive control.
1 = Baseline signal, 2 = Lectin-conjugated praecoxin A 1 mg/ml, 3 = Lectin-conjugated praecoxin A 5 mg/ml, 4 = Lectin-conjugated praecoxin A
10 mg/ml, 5 = Lectin 5 mg/ml, 6 = Praecoxin A 5 mg/ml, 7 = LPS 1 mg/mi.

Fig. 4-2. The effect of lectin-conjugated praecoxin A inducing IL-6 mRNA in murine macrophage in vivo (density comparison).
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Fig. 5-1. "he effect of lectin-conjugated praecoxin A inducing IL-12 mRNA in murine macrophage in vivo. Total RNA extracted from murine
macrophace 4, 8, 12, 24 hr after injections of 1, 5, 10 mg/ml of lectin-conjugated praecoxin A, 5 mg/ml of lectin, 5 mg/ml of praecoxin A, was
analyzed ty RT-PCR for the identification and the induction of IL-12 mRNA and B-actin mRNA. 1 mg/ml of LPS was used as a positive control.
1 =Baselire signal, 2 = Lectin-conjugated praecoxin A 1 mg/ml, 3 = Lectin-conjugated praecoxin A 5 mg/ml, 4 = Lectin-conjugated praecoxin A
10 mg/ nl, 5 = Lectin 5 mg/m!, 6 = Praecoxin A 5 mg/ml, 7 = LPS 1 mg/ml.
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Fig. 5-.). Tne effect of lectin-conjugated praecoxin A inducing IL-12 mRNA in murine macrophage in vivo (density comparison).
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praecoxin A 1 mg/kg and IL-12 was increased at 12 and
24 hour though their increases were weaker than that of
LPS. In lectin-conjugated praecoxin A 10 mg/kg, IL.-6 mRNA
was increased at 24 hour and the increase was almost
same with LPS. In contrast, IL-12 mRNA was increased
at 12 and 24 hour in lectin-conjugated praecoxin A 5 mg/
kg and iectin 5 mg/kg and also increased at 8, 12, 24 hour
in praecoxin A 5mg/kg though their increases were
weaker than that of LPS. In lectin-conjugated praecoxin A
10 mg/kg, IL-12 mRNA was increased at 4, 12, 24 hour,
and it was almost same with LPS except for 4 hour.
Therefore, in vivo, lectin-conjugated praecoxin A is thought
to increase IL-6, 12 mRNA expressions in accordance
with times and doses in normal murine macrophage. This
represents that in vivo, lectin-conjugated praecoxin A can
act as an activating agent of macrophage. In addition,
lectin and praecoxin A may also have a possibility to
activate macrophage, in vivo.

In summary, there were no big differences observed
between IL-6 and IL-12 mRNA in same doses of lectin-
conjugated praecoxin A, lectin and praecoxin A both in
vitro and in vivo. Additionally, IL-6 and IL-12 were also
expressed even in small amounts at baseline of lectin-
conjugated praecoxin A, lectin, praecoxin in normal murine
macrophage.

Moreover, increase of IL-12, a T cell growth and differ-
entiation factor may induce Th1 cell and inactivate the
CTL differentiation, and lastly reproduction of NK, LAK cell
may be activated.

Considering the results mentioned above, both in vitro
and in vivo, IL-6 and IL-12 were increased when adding
lectin-conjugated praecoxin A to normal murine macrophage,
and this may cause an increase of activation of NK cell,
CTL, B cell and LAK cell. In addition, non-conjugated lectin
and praecoxin A single dose showed to slightly increase
the release of IL-6, IL-12. However, lectin-conjugated pra-
ecoxin A, a conjugation of lectin and praecoxin A, showed
better results in IL-6, IL-12 mRNA expression than that of
the same concentration in lectin or praecoxin A. In light of
this result, an outstanding increase on immuno-activity
effect is an assignment of future to be assessed.

In addition, as lectin has been known to have a tumor
cell specificity in functional aspect (Kim et al., 2001,
Ogawara et al., 1987; Ogawara et al., 1985) while Praecoxin
A has been known to have an anti-tumor effect, we can
expect that lectin-conjugated praecoxin A may show more
effective anti-tumor effect with good specificity than prae-
coxin A and lectin alone, which means to lead a synergic
effect. In future, the study on the anti-tumor effect of lectin-
conjugated praecoxin A remains to be identified in various
fields.

In conclusion, the results of this study suggested that
lectin-conjugated praecoxin A can play a certain role in
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activating macrophage and may have immuno-activity
effect in addition to a direct anti-tumor effect. Furthermore,
lectin-conjugated praecoxin A had an equal effect to lectin
and praecoxin A in immuno-activity effect, and thus we
believe that this study will be a path of future study on the
tumor specificity of lectin-conjugated praecoxin A over
immuno-activity reaction in the body.

REFERENCES

Abbas, A. K, Lichtman, A. H. and Pober, J. S., Cellular and
Molecular Immunology. 1st ed. (1991).

Adams, D. O. and Hamilton, T. A., The cell biology of macro-
phage activation. Annu. Rev. Immunol., 2, 283-318 (1984).
Akira, S., Taga, T. and Kishimoto, T., Interleukin-6 in biology and

medicine. Adv. Immunol., 54, 1-78 (1993).

Arai, K., Lee, F., Miyajima, A., Arai, N. and Yokoda, T., Cytokines;
coordinatiors of immune and inflammatory responses. Annu.
Rev. Biochem., 59, 783-836 (1990).

Balkwill, F. R. and Burke, F., The cytokine network. immunol.
Today., 10, 299-304 (1989).

Brodsky, F. M. and Guagliardi, L., The cell biology of antigen
processing and presentation. Ann. Rev. Immunol., 9, 707
(1994).

Chang, J. H., J. H. Cho, H. H. Kim, M. W. Lee, S. S. Han and D.
I. Lee., Antitumor Astivity of Pedunculagin, One of the
Ellagitannin. Arch. Pharm. Res., 18, 396-401 (1995).

Chantry, D. and Feidmann, M., The role of cytokines in auto-
immunity. Biotechnol. Ther., 1, 361 (1991).

Clark, E. A. and Ledbetter, J. A., How B and T cells talk to each
other. Nature, 367, 425 (1994).

Coligan, J. E., Kruisbeek, A. M., Margulies D. H., Shevach E. M.
and Strober W., Current Protocols in Immunology. Wiley
Interscience., 4,2, 1 (1996).

Ezekowitz, R. A. B. and Gordon, S., Alterations in surface
properties by macrophage activaton; Expression of receptors
for Fc and mannose reminal glycoproteins and differentiation
antigens. Contemp. Top. Immunobiol., 14, 33-56 (1984).

Hirano, T., Akira, S., Taga, T. and Kishimoto, T., Biological and
clinical aspects of interleukin 6. Immunol. Today., 11, 443-449
(1990).

Joo, S. §., Han-Jun K., Hee-Seung K. and Do-lk L., Augmenta-
tion of macrophage antitumor activities and nitric oxide
production by oregonin. Archives of Pharmacal Research.
25, 457-462 (2002).

Kim, W. S, Kim, M. S., Kim, B. S., Lee, M. W,, Lee, D. ., Choi, Y.
W., Kim, E. J. and Kim, H. H., Preparation and Charac-
terization of Wheat Germ Agglutinin-conjugated Praecoxin A.
Yakhak Hoeji., 45, 302-309 (2001).

Lee, M. W., Tanaka, T., Nonaka, G. and Nishioka, ., Hirsunin,
an ellagitannin with diarylheptanoid moiety, from Alnus
hirsuta var. microphylla. Phytochemistry., 31, 967-970 (1992).

Nishioka, I, Chemistry and Biological Activities of Tannins.



Immun > Activation of Lectin-Conjugated Praecoxin A on IL-6, IL-12 Expression

Yaki'gaku Zasshi., 103, 125-142 (1983).

Ogawzra, M., Sone, S., and Ogura, T., Human alveolar macro-
phagies Wheat germ agglutinin-dependent tumor cell killing.
Jape nese Journal of Cancer Research (Gann)., 78, 3, 288-
295 '1987).

Ogawera, M., Utsugi, M., Yamazaki, M., and Sone S., Induction
of h iman monocyte-mediated tumor cell killing by a plant
lectin, vwheat germ agglutinin. Japanese Journal of Cancer
Resar:h (Gann)., 76, 11, 1107-1114 (1985).

Parker, D C., T cell-dependent B cell activation. Ann. Rev.
Immunol., 11, 331 (1993).

Roitt, 1., B-ostoff, J. and Male, D., Immunology. 2nd ed., 13, 25

963

(1989).

Romagnani, S., Cytokine production by human T cells in
disease states. Ann. Rev. Immunol., 12, 227 (1994).

Sarih, M., Souvannavong, V. and Adam, D.O., Differential
stimulation of macrophages for tumor cytostasis and mono-
kine production. Cancer Letters., 64, 187-194 (1992).

Ullman, K., Northrop, J. P., Veirweij, C. L. and Crabtree, G. R.,
Transmission of signals from T lymphocyte antigen receptor
to the gene responsible for cell proliferation and immune
fuction. Ann. Rev. Immunol., 8, 421 (1989).

Van, Furth R., Current view on the mononuclear phagocyte
system. Immunobiology., 161, 178-185 (1982).



