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In the course of searching immunomodulators from natural scurces, the proein-bound
polysaccharide, CM-Ala, has been isolated from the water extract of Chelidonium majus L.
(Papaveraceae). The immunostimulatory characteristics have been investigated in several
experiments such as generation of activated killer (AK) cells, proliferation of splenocy'es, activa-
tion of macrophages and granulocyte macrophage-colony forming cell (GM-CFC) assay. Of the
fractions obtained using Sephacryl S200 column chromatography, CM-Ala was the most effec-
tive fraction that augmented the cytotoxicity against Yac-1 tumor cells from 0.88% to 34.18% by
culturing with splenocytes for 5 days. CM-Ala also enhanced nitric oxide production by two fold
in peritoneal macrophages and exhibited antitumor activity. It showed mitogenic activity on both
spleen cells and bone marrow cells. CM-Ala induced proliferation of splenocytes by &4 fold and
increased GM-CFC numbers by 1.48 fold over than the non-treated. On the contrary, CM-Ala
had cytotoxic activity to a diverse group of tumor cells. From the above results, we proposed
that CM-Ala has a possibility of an effective antitumor immunostimulaor.
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INTRODUCTION

The discovery and development of immune response
moedifying agents has become a promising and important
goal in immunotherapy. The administration of various
naturally occurring or synthetic biological response modi-
fiers (BRMs) has been reported to enhance host immune
reactivity (Terry and Rosenberg, 1982; Herbermann,
1985; Talmadge and Herbermann, 1986). However, the
full therapeutic potential of the BRMs has not been
realized due to their undesirable side effects when used at
the concentration required for maximum biological activity
(Lotze et al., 1985; Lotze et al., 1986; Urba and Longo,
1986). Thus, the identification and characterization of new
compounds without deleterious side effects and activating
all effector arms of antitumor immune system would en-
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hance the prospects of immunotrerapy as a practical and
effective cancer treatment modaity. To develop the new
antineoplastic immunomodulator “rom natural sources, we
have screened 68 kinds of folkicric and traditional medi-
cines, which are previously reported about their immunosti-
mulatory activities (Song et al., 1998). In this study, protein-
bound polysaccharide was isolated from the water-soluble
fraction of Cheidonium majus L. (CM). It has already been
reported that some alkaloids such as chelidonine,
chelirubine, protopine, stylopine, sanguinarine, and chelery-
thrine from CM have the effective activities for the analgesic,
antispasmodic and hypotensive (Jee and Lee, 1988; Lenfeld
et al., 1981; Wyczolkowska et al., 1996). Antitumor and
antiviral activities were also reported by Ukrain-a semi-
synthetic compound (Kery et al., 1987; Voltcheck et al.,
1996; Liepins and Nowicky, 1992}, however, watar soluble
fractions of this plant have not been extensively studied.
In the present report, we show the immunorrodulatory
activities of polysaccharides from CM by the proliferation
assay of splenocytes, generatior of activated killer cells,
activation of macrophages, and granulocyte-macrophage
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colony forming unit assay.

MATERIALS AND METHODS

Materials

The herbs of CM were purchased from Kyungdong tradi-
tional medicine market in Seoul, Korea. The recombinant IL
-2 (rhiL-2) were purchased from BM (Mannheim, Germany),
[*H]-thymidine and Na,[>'Cr]O, from NEN (Boston, MA, USA).

Animals

Six- to 8-weeks old female BALB/c and male C3H/
HeN mice were purchased from Charles River Breeding
Laboratory (Charles River Japan, Inc. Atsugi Breeding
Center, Yokohama, Japan). The mice were kept for 7
days in our animal quarters to allow adaptation. Sterile
standard mouse chow (NIH-7 open formula) and water ad
libitum were given. They were housed randomly at 60%
humidity and about 22 + 2°C on a 12 h light-dark cycle.

Isolation of polysaccharide from CM

The activity-guided purification procedure of polysaccha-
ride from CM is as shown in Fig. 1. Briefly, the crude drug
of CM (400 g) was refluxed with methanol. The residue was
dried absolutely at room temperature, and subsequently
extracted with distilled water at 4°C for 24 h. The water
extracts (CM-A, 28.6 g) was ultrafiltrated by 10 K membrane
filter and lyophilized. The high molecular mass fraction
(CM-Al, 2.8 g, M\W.>10 K) and the low molecular mass
fraction (CM-All, 24.6 g, M\W.<10 K) were obtained. The
fraction, CM-Al (40 mg) was applied to a column (2.5 x 40
cm) of sephacryl S200, and eluted with 0.05 M sodium
phosphate (pH 7.5). Fractions were collected with 4 mi/
vial and monitored for protein and sugar contents using

MeOH Ex.
(CM-B)

Chelidonii Herba

reflux with MeOH

extracted with water

Total water Extract
(CM-A)

ultrafiltration with molecular weight 10K

L]

CM-Al CM-All
(MW .>10K) (MW .<10K)

sephacryl $200 column chromatography

CM-Alc

CM-Ala CM-Alb
(vial No. 6~28, {vial No. 30~45, (vial No. 5468,
8.1%) 5.7%) 17.8%)

Fig. 1. Fractionation of Chelidonii Herba

absorbance at 280 nm, Bradford assay (Bradford, 1976)
and anthrone-sulphuric acid test (Dimler et al., 1952). The
vial numbers were plotted versus absorbance and sugar
contents, affording a chromatogram that showed three parts
of sugar contents. Three fractions were pooled, desalted
with dialysis and lyophilized (CM-Ala, 3.24 mg, b, 2.28
mg, and ¢, 7.12mg). This preparation was repeated
giving reproducible profiles that permitted the pooling
of like-fractions. Less than 0.05ng of endotoxin was
detected in 1 mg of CM-Ala as measured by Limulus
amebocytes lysate assay (Pyrotell, Associate of Cape
Code. Inc., woods Hole, MA, USA) according to the manu-
facturer’s instruction.

General procedure

The total carbohydrate and protein contents were deter-
mined by the anthrone-H,SO,, and Lowry methods (Lowry
et al., 1951) using glucose and bovine serum albumin as
the respective standards. The molecular weight was esti-
mated by gel filtration using standard molecular weight
markers (Bio-Rad. Hercules, CA); vitamine B-12 (MW
1,350), methylene blue (MW 7,000), ovalbumin (MW 44,000),
y-globulin (MW 158,000) and tyroglobulin (MW 670,000).
CM-Ala was hydrolyzed by 1N-H,S0,, and then methyl-
esterified. The product was analyzed by gas chromato-
graphy on Hewlett Packard model 5890 gas chromato-
graph equipped with an Ultra-1 capillary column.

Generation of activated killer cells

A 4 h [P'Cr]- release assay was used to determine the
cytotoxic activity of AK cells (Mule and Rosenberg, 1991).
Spleen cells were brought to a concentration of 3 x 10°
cells/2 ml in RPMI1640 supplemented with 5% fetal bovine
serum, 2 x 10*M HEPES buffer, 2 x 10°*M glutamine, 1 x
10® M pyruvate, 5x10° M 2-mercaptoethanol, and 1%
non-essential amino acid and antibiotics (GIBCO BRL,
Gaithersburg, MD). The cells were cultured in 24 well
plates at 37°C, 5% CO, incubator with rhiL-2, OK-432
(Picibanil, Chugai Pharmaceutical Co., Tokyo, Japan), and
CM fractions for 5 days. After culture, cells were harvested
and adjusted to the desired viable cell concentration. AK
cells were incubated for 4 hours in 96 well U bottomed
microplates containing *'Cr-labeled target cells. The molony
virus induced leukemia Yac-1 (H-2%) was used as target
cells. The plates were harvested and the radioactivity
released in the supernatants was determined by using y-
counter (Beckmann Inst., Palo Alto. CA, USA). The per-
centage of cytotoxicity was calculated from the following
formula; (ER-SR) / (MR-SR) x 100 where ER is the mean
count from the experimental group, SR is the target cells
incubated in medium alone. MR is the mean count from
target cells treated with 5% triton X-100.
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Tumoricidal activity of peritoneal macrophage

Macrophages were isolated from the peritoneal exudate
cells as described by Klimetzek and Remold (Klimetzek
and Remold, 1980). Peritoneal exudate cells were obtained
from 6-7 weeks old C3H/HeN female mice by intraperi-
toneal injection of 1 ml Brewer thioglycollate broth (4.05 g
/100 ml) (Difco Labs, Detroit, Ml) and lavage of the
peritoneal cavity with 5 ml of medium 3-4 days later. The
cells were washed twice and resuspended in RPMI-1640
(Gibco, Grand Island, NY) containing 10% heat-inactivated
fetal bovine serum (FBS), penicillin (100 [U/mi) and strepto-
mycin (100 pg/ml).

The assay for macrophage cytotoxicity is based on an
assay described previously (Ghaffar et al., 1975). Cytotoxic
activity was determined by measuring the radicactivity incor-
porated into tumor target cells after cocuitivation with
macrophages for 48 h. Macrophages (2 x 10° cells/well)
were first incubated in either medium alone or in medium
supplemented with CM-Ala for 24 h in 96-well plates. Macro-
phages were washed with RPMI-FBS to remove CM-Ala
and co-incubated with 2 uCi/ml [*H] thymidine labelled
Yac-1 tumor cells (1 x 10* cells/well, effectcr: target cell
ratio of 20:1) at 37°C in a 5% CO, incubator for 24 h. At
the end of the incubation period, cells were harvested using
an automatic multiwell harvester. The amount of radio-
activity incorporated in the target cells was counted in a
liquid scintillation counter. Under these conditions macro-
phages do not incorporate 3H-TdR. Cytctoxicity was
expressed as following formula.

Target counts/min with macrophages
Target counts/min without macrophages

% cytotoxicity= 1

Proliferation of spleen cells

Single-cell suspension of spleen cells was prepared,
treated with hypotonic solution to lyse erythrocytes. Spleen
cells at 1.5x 10° cells/ml were seeded in triplicate 0.2 ml
cultures with various doses of CM fractions or concana-
valin A (con A, Sigma) in 96-well tissue culture plates.
Cultures were incubated for 72 h and pulsed with 2 uCi/
well of [PH]-thymidine during the last 4h. [*H]-Thymidine
uptake was determined in a liquid scintillation counter.

Granulocyte and macrophage colony-forming cell
(GM-CFC) assay

Bone marrow cells were collected by flushing femurs
and tibias, then single cell suspensions were obtained by
repeated aspiration through needles. The bone marrow
cells were plated in 35-mm tissue culture dishes (1 x 10%
dish) containing Isacoves modified Dulbeccos medium
(IMDM, Gibco, NY) supplemented with 0.3% agar, 20%
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horse serum and 10% of culture supernatant of NIH3T3
cells engineered to produce GM-C SF by transduction with
MFEG GM-CSF retroviral vector. Viaricus concentrations of
CM-Ala or CM-Ala conditioned medium were “ested in
triplicate. CM-Ala conditioned medium was prepared by
culturing spleen cells with CM-Ala for 24 h. The cultures
were maintained at 37°C in 5% CO, in air for 7 days.
Colonies of more than 50 cells were counted.

Colorimetric MTT assay

The mouse plasmacytoma MOPC315, masiocytoma
P815, melanoma B16F10, human myelomonocytic U937
cell and human acute T lymphoma Jurkat cell lines were
used for cytotoxicity assay. The cells were mairtained in
exponential growth in media and added 100 pl to 96 well
flat-bottomed microplate. After addition of 50 ul samples, it
was incubated for 2 days at 37°C, 5% CO, incubator. MTT
solution was added 15 pl and incubated for 4 h. Culture
was stopped by adding 150 ul 0.04N-HCl isopropanol into
each well and the optical density at 540 nm was rneasured
by Titertek Multiscan Plus (Flow Laboratories Inc.).

Statistical analysis

Statistical comparisons were performed by Students -
test.

RESULTS

Isolation of polysaccharide from CM

CM-Al was obtained from the water extract of CM by
membrane filtration and fractionzted on sephacryl S200
column chromatography, three kinds of fractions were
obtained (Fig. 1). Of these fractions CM-Ala contained
28.2+3.03% of protein, 69.8 + 6.04% of carbohydrate.
The carbohydrates of CM-Ala consisted mainly with gala-
ctose, mannose, glucose in the molar proportion of 5:4:1
as the neutral component sugars.

CM-Ala did not exhibit any lectin properties such as
hemeagglutination, inhibition by sugar of the proliferation
of lymphocytes and lectin-dependent cell mediated
cytotoxicity (data not shown).

Effects of CM-Ala on the generation of activated
killer (AK) cells

Spleen cells cultured for 5 days with CM-A fractions
showed substantially increased cytotoxic antitumor activity
(Fig. 2). In the presence of CM-Al or CM-Ala, the Iytic
activity of spleen lymphocytes to Yac-1 turaor cells
increased from 0.88% to 29.39%, 34.18%, respectively.
The optimal dose of CM-Ala for AK cells generation was
5 ug/mi.
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Fig. 2. Effects of CM fractions on mouse AK cell activity. A. Mouse
splenocytes (3 x 10%/ml) were cultured in the presence of rlL-2 (30U/
ml) or each optimal concentration of CM fractions for 5 days. Cells were
collected and assayed for AK cell activity. B. The dose-response curve
of CM-Ala. The results represented the mean + SEM of values obtained
from five replicated experiments.

Tumoricidal activity of peritoneal macrophage

Macrophages showed the increased cytotoxicity from
24.5% to 57.0% by culturing with CM-Ala at 10 pg/ml
(Table 1). The peritoneal macrophages produced nitric
oxide more than 2 fold by culturing with CM-Ala as com-
pared to control (from 21.8 uM to 48.0 uM). This value
was comparable with that of [FN-y (50 U/ml) producing
55.6 uM of NO.

Mitogenic activity of the polysaccharide

Mitogenic activity of polysaccharide on murine spleno-
cytes was measured (Table [l, lll). CM-B, CM-Alb, CM-
Alc, and CM-All showed no activity, whereas the CM-Al
and CM-Ala at optimal concentration displayed stimulatory
activity 75 and 84 times that of the control. Since CM-Ala
was suggested to contain some protein molecules, CM-
Ala was heated at 100°C for 1 h or treated with pronase at

Table 1. Antitumor activity by peritoneal macrophage cultured with CM
Ala

Treatment® Dose

[*R]-thymidine incorporation (com) % of inhibition

None 55964.0 £ 992.1 245
IFN-y 50 U/ml  34256.0 +988.5° 53.8
CM-Ala  10ugiml 318975 £ 977.9° 57.0
50 pg/ml  34368.0 + 1417.7 537
100 pg/ml 36766.0 +1279.9' 504
Target only - 741565 + 2204.1°

*Peritoneal macrophages (PM) were cultured in the presence of IFN-y
or CM-Ala for 24 h and then further co-cultured for 24 h with targets at an
initial effect/target cell ratio of 20 :1.

Effects on target cell viabilty are expressed as net percent ['H] thymidine
incorporated.

The results are mean + S.D. of values obtained from three replicated experi-
ments.

‘Significantly different from contral (no treatment): p < 0.01

Table Il. Mitogenic effects of CM fractions on murine spleen cells

Treatment® optimal concentration®H-TdR incorporation (cpm) £ S.D.
SC + Control - 1488 + 254
SC+ConA 2.5 ug/mi 138230 £ 7048"
SC+LPS 10 ug/ml 85347 £7948"
SC + CM-A 125 ug/mi 83883 + 12015
SC + CM-Al 62.5 ug/ml 111819 + 8545
SC+CM-Ala 313 ug/ml 124864 + 13358"
SC + CM-Alb 250 pg/ml 10154 £ 722
SC+CM-Alc 250 pg/ml 4893 + 677

SC + CM-All 250 ug/m! 3653 + 1001

SC + CM-B 250 pgiml 3328% 210

“BALB/c spleen cells (SC, 1.5x 10° celisiwell) were cultured with various
doses of CM fractions on microfiter plates. After 3 days, the growth of lympho-
cytes was determined by the incorporation of [*H]-thymidine after 4 h pulsing
with 2 uCi of PH}thymidine. Results are presented the mean + S.D. for
quintuplicate from a representative experiments.
‘Significantly increased versus control: p<0.001

37°C for 48 h. Neither of these treatments affected the
potent mitogenic activity. These results suggested that
carbohydrate region was involved in induction of mitogenic
activity of CM-Ala, but that the protein moiety was not.

CM-Ala induction of CSF secretion and GM-CFC
in vitro

Spleen cells were cultured with 10, 50, 100 pg/ml of

Table Ill. The determination of optimal concentration of CM-Ala exhibiting mitogenic activity

CM-Ala (ug/ml) - 500 250

125 62.5 313 15.7

SH-TdR incorporation (com) £ S.D. 1479 + 316

4226 = 515 93250 = 3048 125621 + 14609133494 + 10690 143443 £ 9217 101136 £ 9339

The data represent the mean £ S.D. of values obtained by six replications. All the CM-Ala treated group showed significantly higher than that of control

(< 0.001).
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CM-Ala. The supernatants were collected after 24 h and
assayed for CSF activity by soft agar technique described
by Materials and Method. As can be seen in Table IV,
CSF secretion was increased by 14% that of control, but
no statistically differences were noted. On the other hand,
significantly higher numbers of the GM-CFU were observed
when bone marrow cells were cultured with CM-Ala at
10 ug/ml directly in the agar plates (increase from 40.67
to 60.33 colonies/10° BM cells).

Cytotoxic activity of CM-Ala on tumor cells

In order to examine whether the CM-Ala also could
inhibit proliferation of tumor cells, we tested the cytotoxicity
by MTT assay (Fig. 3). In contrast with CM-Ala proliferated
the lymphocytes as shown in Table I, CM-Ala inhibited
the growth of a diverse group of tumor cells. The growth
inhibition appeared dose-dependent manner. CM-Ala
showed 51.0% cytotoxicity for P815 cell line and 52.7%
for B16F10 cell line at 100 pg/ml.

DISCUSSION

Recently, biological response modifiers (3RMs) have
atiracted much attention for adjuvant immunctherapy of
malignant diseases. The ideal BRM should initiate balanced
immunostimulation with capability of nonspecifically activat-
ing all effector pathways (T cells, NK cells, and macro-
phages) without cytotoxicity to normal tissues. The model
agent should be able to proliferate effector lymphocytes
and macrophages. In addition, enhancement of hemato-
poiesis and endogenous generation of cytokines would
exhibit the advantage of a sustained effect preferred in

C—J CONTROL
20 10pg/ml

50ug/mi
5% 100ug/mi

N
J

T

~~hy

Absorbance(0.D.)
1

MOPC315

O

B16F10

Ju kat

P815
cell line

Fig. 3. Effect of CM-Ala on tumor cell survival measured by MTT test.
Tumor cells (1 x 10* cells/well) were incubated with CM-Ala at 37°C,
5% CO, incubator. Three days later, 15 ml of MTT dye was added and
after another 4 h incubation, 150 ml of 0.04N-HCI isopropanol was
added. Each well was pipetted vigorously and O.D value was deter-
mined using microplate reader at 540nm. Significantly different from
non-treated control of each cell line: 'p<0.05, "p<0.001.
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this BRM application (Bruce, 198¢).

Some types of polysaccharide, such as PSK or Krestin
(Chihara et al., 1970), Lentinan (Tsukagoshi et al., 1984)
and OK-432 (Hoshina and Uchide, 1984) have been
shown to have immunomodulating activity due to enhance-
ment of NK activity and secretion of Th1 type cytokines. In
this study we isolated protein-bound polysaccharide CM-
Ala from water extracts of CM showing potent immuno-
modulatory activities. Chelidonii Herba has often contributed
in the treatment of several diseaseas, such as gastrodynia,
gastric ulcer, chronic bronchitis, inflammation, pertussis
(Jee and Lee, 1988). However, its immunomodulatory
activity was not reported.

The level of AK cell generation by CM-Ala was 38.7
times higher than that of control, and the activity was as
strong as that of OK-432 in our system (Fig. 2). It has
been known that AK cells are generated from both NK
cells and T cells by culturing with [L-2, IFNy or TNFa that
is synergized with low dose of IL-2 (Lee ef al., 1997, Kim
et al., 1998). In vitro culture of lymphocytes with riL-2
generates LAK cells that are cytotoxic to freshly isolated
autologous and allogenic tumor cells and NK-resistant
tumor cell lines (Lotze et al,, 1981; Grimm ef al., 1982,
Rosenstein et al., 1984), but the clinical trials of LAK cell
and rlL-2 showed limited success (Rosenberg et al.,
1985; West et al., 1987). Therefore, attempts have been
made in various laboratories to find ways to generate LAK
cells with higher cytotoxic activity and to minimize the
toxicity.

In cytotoxicity assays, we have shown that CM-Ala
elicited peritoneal macrophages demonstrated cytotoxic
for Yac-1 tumor cells as IFNy-elicited macrophages did
(Table I). Hibbs et al. have demonstrated that activated
macrophages produce NO, which inhibits mitcchondrial
respiration and results in cytotoxicity against target cells
(Hibbs et al., 1987; Hibbs et al, 1988). In the present
studies suggested that reactive nitric oxide induced by
CM-Ala is one of the effector molecules involved in macro-
phage mediated tumor cytotoxicity. We have recently found
that CM-Ala induces mRNA expression of a variety of
cytokines such as IL-2, IFN-y, IL-4, IL-5, GM-CS5F, IL-15,
TNFa (submitted). Thus it has been suggested that CM-
Ala activates lymphocytes and macrophages tc produce
cytokines and thereby generates the effector cells to
tumor cells.

CM-Ala induced proliferation o® spieen cells by 84-fold
compared to non-treated cells (Table 11), and the heat
inactivated or pronase treated CM-Ala did not change the
mean value of cpm (data not shown). Thersfore the
carbohydrate region of CM-Ala was the main moiety of
mitogenic activity. CM-Ala also slightly increasec the level
of CSF by spleen cells in dose-independent manner.
When CM-Ala was inserted directly into the agar culture,
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Table V. Increase of the numbers of the GM-CFU in the bone
marrow cells by culturing with CM-Ala

No. of colonies/1 x 10°

Treatment? Dose

BM cells
None - 4067 +4.67
CM-Ala 10ugm 6033437
50 ugiml 42,67+ 2.60
100 pg/ml 29.00 £2.00
CM-Ala conditioned 10 pg/ml 4450 £ 1.50
medium 50 ugiml 4550+ 6.50
100 ug/ml 42,50 % 0.50

*BM cells from BALB/c mouse were cuitured in agar plates in the presence
of CM-Ala or CM-Ala conditioned medium as described in Material and
Method. The data represent the mean + SEM of values obtained from
three replicated GM-CFC assays in which specimen was cultured in dupli-
cate.

‘Significantly different from control (no treatment) : p<0.05

the number of GM-CFC was increased 1.48 fold. This
effect may be mediated by direct stimulation of GM-CFC
proliferation and/or stimulation of production of the hemato-
poietic cytokines. The GM-CSFs probably play an impor-
tant role in the hematopoietic generation of GM-progenitor
cells and in the differentiation of myeloid leukemia cells.

On the other hand, CM-Ala at 100 pg/ml has been shown
to have a direct growth inhibitory effect on tumor cells.
This suggested that the effective dose to augment effector
immune cells was different from the toxic dose to show
killing activity against tumor cells, this was another
advantage of a useful application of BRM.

According to many in vitro and in vivo siudies of
immunomodulators, it has not been unusual to observe a
beil-type dose-response curve for therapeutic activity
(Talmadge and Herbermann, 1986). Similarly, our resuits
exhibited the bell shape dose-response curve as shown
above. Therefore, the determination of the optimal immuno-
stimulatory dose is one of the most important things to
acquire predictive in vivo and clinical data.

Further studies on the purification and chemical charac-
terization of CM-Ala are now in progress.
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