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Effects of Mix-1 on Anti-CD40 Antibody and Recombinant IL4- Induced
Cytokine Production and Immunoglobulin E in
Highly Purified Mouse B Cells
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In the oriental medicine, a mixture of herbs has been commonly used as important components to control allergic
and inflammatory diseases. In the present study, we prepared a mixture of Dictamni Radicis Cortex(Baiksunpee),
Houttuyniae Herba(Uhsungcho), and Aurantii Immaturus Fructus(Jisil) to examine its anti-allergic effects in activated
mouse splenic cells and found that Mix-1 is involved in regulating levels of B cell activating factors (CD23 and CD11a),
IL-18, IL-6, IL-10, TNF-a, and IgE as well as HRF expression. It was observed that Mix-1 did not have cytotoxic
effects on mLFC. Mix-1 showed inhibition of CD23 and CD11 alpaha expression in mouse B cells, and also decreased
the production of IL-6, TNF-a, and IgE. Both RT-PCR and ELISA analyses indicated that IL-6 and TNF alpha
production were regulated at the gene expression level. In contrast, IL-10 mRNA and protein levels were increased
in activated B cells by Mix-1 treatment. We also found that Mix-1 inhibited B cell proliferation and inhibited histamine
releasing factor(HRF) expression, suggesting its inhibitory éffect on histamine secretion. These data indicated that
Mix-1 has an anti-allergic effect in activated macrophages and further suggest the possible application of Mix-1 as a
therapeutic agent for the treatment of allergy-related diseases.
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Introduction

Statistical data showed an increased incidence of allergy
and anaphylaxis particularly in the developed countries. In
Korea, recent data indicate an incidence of 10% in adults and
20% in children. The causes of allergy are diverse including
genetic alterations due to increased exposure to environmental
pollutants and chemicals, and westernized life style which
might result in abnormal regulation of immune system.
Improved environmental sanitation leads to reduced
opportunity to pathogenic infections, resulting in less chance of
immune system to confront with pathogens, debilitate body’s
ability to distinguishing between pathogen and antigens, which
lead to in increases in allergic diseases”. This hypothesis is
supported by the observation that the habitants in an area with

higher risks in parasite infection show lower allergic diseases.
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There are also reports that lower chances of infection in infants
or children are inversely related to higher allergy incidence
rate. Allergic disease can be caused by genetic and
environmental factors, both of which are associated with one’s
physical condition in a complicated manner. Therapy for
allergy is not simple and thus requires a long-term treatment.
Currently used therapies include environmental control to
avoid causative antigens and aggravating environmental
factors, chemotherapy and immuno- therapyZ).

In the context of environmental control, it is important to
minimize the contact with potential allergens. Since the allergen
sensitivity ~are generally different among individuals,
case-specific treatment is particularly important. Chemotherapy
has drawn a particular attention for allergy treatment since
numerous drugs recently developed are known to be effective
for allergy treatment’. For instance, drugs such as
glucocorticoid, anti- histamine, tarolimus, and sympathetic
nerve stimulants inhibit the specific steps in the allergic
reaction or alleviate allergic symptoms. Finally, immunotherapy
is applied under the custody of the specialists when

environmental control and chemotherapy do not work.
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In immuntherapy, once the causative antigen is carefully
examined and decided, doses of injection gradually increased
to induce the resistance to hypersensitivity. Antigen injection
can reduce the function of antigen-specific Th2 cells and
activate IFN-y-predicting cells, which leads to decrease
IgE-mediated immune responses”. Despite diverse approaches
mentioned above, most of the traditional therapies are not
highly successful and thus, modified allergen, peptide
immunotherapy, oral immunotherapy, DNA vaccination, fusion
proteins with augmented antigenicity, and adjuvant such as
ISS(immunostimulatory ~ sequence) have recently been
considered”. These new approaches are expected to have a
long-term anti-allergic effect without enduring treatments or
reinforcing immunization. Moreover, recent efforts on
identifying genes related to allergic relation would be critical to
disclose molecular mechanisms underlying allergy and for the
new drug development®”. Major molecular factors which have
been characterized include cytokines, chemokines, cytokine
receptors, MHC complexes, transcription factors (see Table 1).
While these molecules are involved in IgE production and
inflammation reactions, their specific roles remains to be
elucidated with diverse molecular genetic approachesg).

In oriental medicine, a mixture of several herbal drugs
are known to be effective for the treatment of diverse disease
including allergy. For example, the efficacy of herbal plants
such as Baiksunpee (BSP), Uhsungcho (USC), and Jisil (JS) has
been well documented in relation to allergic diseases. The
Mix-1 used in the present study represents a mixture of three
different herbs, Baiksunpee (BSP), Uhsungcho (USC), and Jisil
(JS). BSP (Dictamni Radicis Cortex) is obtained from the root
skin of Dictamnus dasycarpus Turcz. The major components
identified are dictamnine, dictamnolacton, trigonellin, sitosterol,
obacunonic acid, choline, fraxinellone. Dictamni radix has been
used for treating diverse skin diseeases including psoriasis,
anti-inflammatory effects.

IS (Aurantii Immaturus Fructus) is prepared from the dried
young fruits of the trees Citrus aurantium L. and Poncirus
trifoliata Rafin. The major chemical components are flavonoid
such as poncirin, hospectidine, neohespectin, rhoifolin,
naringin, aurantiamarin, aurantin, 5-hydroxyaurantin, and
5-O-desmethyl nobiletin, syneprine, and N-methylamine. Also,
they contain vitamin C and acetate. Pharmacological studies
indicated that JS is effective for the suppression of
anti-anaphylaxis(e.g., skin allergy), inhibition of histamine
release from the mast cells by inhibiting intracellular calcium
increase and including c¢AMP  production in cells.
Physiologically, JS has been used for increasing gastric activity,

uterus muscle contraction, and regulation of blood vessels. USC

(Houttuyniae Herba) is obtained from the upper part of the
pant of Houttunia cordata Thunb. Important components are
anti- microbial components such as decanoyl acetaldehyde,
methyl-n- nonyl-ketone, alpha-pinene, linalool, camphene,
d-limonen, bornyl acetate, laurine aldehyde and cordine.
Several studies have reported that USC can suppress
hypertension, increases immunity by acting on B-and T cells,
and has antibacterial and anti-viral activities, and anticancer
diuretic and anti-rheumatic activities. In the present study, a
mixture of above three herbs were used to investigated their
effects on regulation of major parameters related to allergy in

cultured macrophage cells.

Table 1. Major molecular mediators in allergy

Function
Signal transducer of IL-12

Chromosome Candidate gene
10312 IL-12 receptor B2 chain

2033 CD28 Co-stimulator in T-cell activation
CTLA4 Co-stimulator in T-cell activation
5031 iL-4 Differentiaton of Th2 cells/ nduction
of IgE production
IL-5 Eosinophil growth and activation/
promotion of IgE production
IL-13 Induction of g€ production
10p14 GATA3 Transcription factor .n Th2
differentiation
12013-14 STAT6 Transcription factor in IL-4 signaling
1202 IFN-r Inhibition of Th2 activity/ inhibition of

IgE isotype classwitch

16pi2 IL-4 receptor @ chain Signal transducer of -4

Materials and Methods

.

1. Materials
1) Animals

BALB/c mice (4 week old) obtained from Korea Research
Institute of Chemical Technology, were used in the present
study. The animals were fed with food pellets (Samyang Co,
Inc., no antibiotic additives) and water. Animals were adjusted
at least 2 weeks in a room maintained at 22+2C before the
experiment.
2) Herbal drugs

Mix-1(mixture of three different herbs, Dictamni Radicis
Cortex, Aurantii Immaturus Fructus, and Houttuyniae Herba)
used in this study was purchased from local manufacturer and

further purified before use.

Table 2. Prescription of Mix-1

Drug name Scientific name Amount(g)
Bailksunpee (BE#£57) Dictamni Radicis Cortex 6
Jsil (47 &) Agranti immaturus Fructus 6
Uhsungcho (fiEE) Houttuyniae Herba 8
18
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3) Reagents and instruments

Diethyl pyrocarbonate(DEPC), chloroform, RPMI-1640
culture medium, isopropanol, ethidium bromide (EtBr),
dulbecco’s phosphate buffered saline(D-PBS), and magnesium
chioride (MgCl,) were obtained from Sigma (USA), Taq
polymerase and deoxynucleotide triphosphate (ANTP) from
TaKaRa Co. (Japan), moloney murine leukemia virus reverse
transciptase (MMLV RT) and RNase inhibitor from Promega
Co. (Madison, USA), RNA- zolB from Tel-Test (USA), fetal
bovine serum (FBS) from Hyclone (Logan, USA), agarose from
FMC (USA), phycoerythrin -conjugated anti-rat Ig, fluorescein
isothiocyanate (FITC)- conjugated anti-CD23, anti-IgE, anti-
CD40, anti-B220-FITC were from Pharmingen (Torreyana,
US.A). *H-thymidine and Sephadex G-10 were purchased from
Amersham Pharmacia (Bucking- hamshire, UK). Other general
chemicals were purchased with the highest quality available.

The instruments used in this study are as follows; Bright
microscope and inverted microscope (Nikon, Japan), flow
cytometry (Becton Dickinson, US.A), spectrophotometer
(Shimazue, Japan), CO; incubator (Napco, Germany), imager II
photo-system (Bioneer, Korea), Centrikon (Sigma, USA),
bio-freezer (Sanyo, Japan), Primus 96 thermocycler system
(MWG, Germany), ice-maker (Vision Science, Korea) and
homogenizer (OMNI, USA).

2. Methods
1) Mix-1 preparation
Fifty grams of dried Mix-1 were dissolved in 1,000 ml
distilled water, extracted for 3 hr. After filtration using the
rotary evaporator (Biichi B-480, Switzerland), the purified
powder was obtained by using the freeze dryer (EYELA
FDU-540, Japan), and kept at -84C until use. The powder
obtained was dissolved in distilled water and filtered with
syringe filter (0.22 ym, Falcon) before use.
2) Cell culture
(1) Isolation and culture of mouse lung fibroblast cells
Mouse lung tissues were dissected, washed three times
with cold PBS and cut into small pieces. The tissues in 15 ml
conical tube were centrifuged at 1400 rpm for 5 min. After
adding DMEM containing collagenase A (5mg/m¢, BM, USA),
DNase type I(0.15mg/m¢, Sigma, USA), and antibiotics
(penicillin 104 U/m¢, streptomycin 10 mg/m¢, amphotericin B 25
ug/mf), the dissociated tissue was incubated at 37°C for 2 hr,
and further incubated for more 30 min in the presence of 0.5%
trypsin-0.2% EDTA. The tissue was washed twice with cold PBS,
centrifuged at 1500 rpm to remove the supernatant, resuspended
in DMEM-10% FBS, and cultured for 7 days. Then, the cells
were detached from the plate by 0.5% trypsin-02% EDTA

treatment, and plated on 96 well plate with cell concentration
of 10° cells/m¢ in DMEM-5% FBS culture medium.
(2) Mouse B cell isolation and primary culture

Spleen tissues were dissected out from BALB/c cells, and
used to prepare dissociated primary cells. Cells were harvested
by centrifugation at 2000 rpm for 5 min, and cell pellets were
suspended in 2 ml of saline solution at 37°C for 5 min. Then,
10 m¢ of D-PBS was added and centrifuged at 2000 rpm for 5
min. After treatment with J1J, GK153, and M1/70 culture
medium (1 ml per 10° cells), cells were kept on ice for 30 min,
washed twice with-D-PBS, followed by treatment with 0.5 m{ of
rabbit complement (Serotec., UK). The sample was incubated
at 37°C for 1 hr, washed with complete medium, and B cells
were purified by sephadex GI10 gel filtration column
chromatbgraphy (Amersham Pharmacia, USA) (Fig. 1). The
amount of B cells were measured by flow cytometry using a
-B220-FITC.

Table 3. Monoclonal Antibody used for Immunofluorescence Staining

Immune cell types Markers Moncclonal antibody
T cells Thyt.2 J1J10
helper T cells Thy12 GK153
Macrophages CD4 M1/70
F
a B220 ©:93%

' Az

E

Relative Cell Number
[2]

w w0 ws |§ .‘u‘
Fluorescence Intensity -PE (B220 )

Fig. 1. Purity of B-cells isolated in Balbjc spleen cells. The splenic cells

prepared from Balb/c mice were treated with RBC lysis solution, a-thy1.2 (J1J10,

GK153, M1/70), and complement. Then, B-cells were purified by sephadex G10

column.

3) Measurement of cytotoxicity

The cytotoxicity was measured by modified MCB method.
After incubation in 5% CO; incubator at 37°C for 1 hr, mLFC
or mouse macrophage cells were treated with 200 pg/m¢, 100
wg/ml, 50 pg/ml, 10 ug/ml, 1 pg/mé of Mix-1 for 48 hr. The
culture medium was then removed and cells were washed with
PBS twice. Cells in each well were treated with 50 u¢ of 50%
TCA (trichloroacetic acid) for 1 hr at 4, washed with distilled
water five times, and air dried. Cells were stained with MCB
solution (0.4%/1% acetic acid; 100u¢/well) for 30 min at room
temperature, and washed with 0.1% acetic acid for 4-5 times.
Cells were air dried, solubilized in 10 mM Tris base (100 ut
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/well). Cells in the plate were dispersed in the culture medium
by using a plate shaker (Lab-Line, USA) for 5 min and used
for the measurement of optical density at 540 nm using ELISA
LEADER (molecular devices, USA).
4) Measurement of IgE, IL-4, and IFN-y

Isolated B cells were seeded on 96 well plates (2x10°
cells/well) and treated with 100 pg/mé¢ or 10 pg/m{ of Mix-1
extract. One hour later, cells were treated with anti-CD40
monoclonal antibody (500 ng/m]) and recombinant mouse IL-4
(rmIL-4, Pharmingen, USA), and incubated for 10 days and 48
hr respectively. Recombinant mouse interleukin-10 (rmIL-10, 50
ng/m¢, Endogen) which inhibits the production of IgE, Il-4 or
IFN-y was treated to cells as a positive control. Cells were then
harvested by centrifugation at 2000 rpm for 5 min and used for
ELISA. ELISA for IFN-y, IL-4 and IL-10 was performed for 48
hr after USA), and ELISA for IgE
(Pharmingen, USA) was done 10 days later. Microwells were
coated with antibody-diluted coating buffer, and then, 100 «f

culture (Endogen,

of cell culture supernatant was treated to each well for 1 hr,
rinsed twice with washing buffer, treated with 100 uf of
avidin-HRP conjugated antibody for 1 hr and washed again.
Then, 100 xf of TMB substrate was treated for 30 min, and 50
14 of stop buffer added. Chromogenic reaction was monitored
using spectro- photometer at 450 nm wavelength.
5) Measurement of B cell proliferation

B cells were dispensed into 96 well plates (2x10°
cells/well) and treated with 100 pg/m¢, 10 ug/mé, or 1 pg/mé of
Mix-1 for one hour later. Then, cells were treated with
anti-CD40 monoclonal antibody (500 ng/m¢) and recombinant
mouse interleukin-4 (rmIL-4, 500 U/m¢, Pharmingen) for 72 hr.
The cell group treated with recombinant mouse interleukin-10
(rmIL-10, 50 ng/m¢, Endogen) was used as a positive control.
After 40 hr culture, cells were treated with 50 uCi/mé of
[methyl-H] thymidine (Amersham, USA) and further incubated
for 48 hr. In order to determine the radioactivity incorporated
into the cells, cells were collected onto the glass fiber filter
(Whatman, USA) using the cell harvester (Amersham, USA),
and the incorporated radioactivity was measured by liquid
scintillation counter (LSC, LKB, USA).
6) Histamine-Release Factor binding assay

Mouse splenocytes were dispensed in 24 well plate (1x10°
cells/well) and cultured for 24 hr in the presence of anti-CD40
monoclonal antibody (500 ng/m¢), rmIL-4 (500U/m¢), and 100
ug/ml or 10 pg/mé of Mix-1. After culture, cells were washed
twice with PBS containing 3% fetal bovine serum and 0.1%
NaNj3 and used for immunofluorescence staining at 4. Cells
were reacted with biotin-conjugated rHRF for 30 min and
washed with PBS

followed by streptavidin-conjugated

PE(SA/PE) reaction on ice. After washing with PBS three times
were reacted with FITC-labeled anti-CD3
antibody, and finally cells bound to HRF were analyzed with

or more, cells

flow cytometer (Becton Dickinson, USA).
7) Statistical analysis

Data obtained from various treatments were represented as
mean * standard error of mean (SEM), and Student’s t-test was

employed to determine statistical differences between groups.

Results

1. Measurement of the cytotoxicity of Mix-1 to mouse lung
fibroblast cells(mLFC).

Mouse lung tissues was dissected out and used to
prepare dissociated cell culture. The cytotoxicity of Mix-1 to
mLFC was determined by SRB method. Levels of cytotoxicity
of Mix-1 on mLFC were 85.4+5.1 with 200 pg/m¢ Mix-1, and
91.344.6, 95.7+5.6, 95.4+7.4 and 97.6+6.5(%) for 100 ug/mé, 50
ug/ml, 10 pg/mé and 1 pg/md of Mix-1 concentrations
respectively (Table 4, Fig. 2). These data suggest that Mix-1 in
a concentration range of 1 - 200 ug/m¢ does not have cytotoxic
effects on cultured LFC cells.

Table 4. Cytotoxic Effect of Mix-1 Extract on Mouse Lung Fibroblast
Cells(mLFCs)

% of Conirol Data

Drug Doselug/ ml) MLEC
Control 0 100 = 5.7
1 996 58
10 963 + 42
Mix-1 extract 50 932 + 64
100 878 + 54
200 821 + 47

Mouse lung fioroblast cells (mLFCs) were pretreated with vanous concentration of Mix-1
extract, The results are expressed the meant SE (N=6). Statistically significant value
compared with control group data by T test (*p<0.05, *p¢0.01, ™p¢0.001).
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Fig. 2. Inhibitory effect of Mix-1 extract on CD23+/B220+ expression
by Mix-1 extract plus anti-CD40 mAb plus riL-4-stimulated murine
splenic B cells. Mouse B cells from healthy Balb/c mice were either stimulated
with anti-CD40 mAb and recombinant interleukin-4 (500 U/ml) or treated with Mix-1
extract (100 mg/ml and 10 mg/mbor fIL-4 (500 U/mi) plus anti-CD40mAb plus
Mix-1 extract. B cells (A) were cocultured with anti-CD40 mAb pius rmil.-4 (Control,
B), and with anti-CD40 mAb plus rmiL-4  plus Mix-1 extract (100 mg/ml (C), and
10 mg/ml (D) for 68 hrs. After 68 h, the cells were harvested, and assayed for
CD23% /B220" expression by flow cytometry, and the other methods for assay were
performed as described In Materials and Methods.
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2. Expression of CD23 in mouse B cells

B cells isolated from mouse spleen were stimulated with
anti-CD40 antibody and riL-4 and cultured for 68 hr in the
presence or the absence of Mix-1 extract. Then, levels of B cell
surface molecule CD23 (FCeRl) were measured. In cells with
no treatment. CD23+/B220+-positive B cell number was 11.9%
of the total cells, and positive number of cells when treated
with anti-CD40 antibody and rIL-4 was 20.4%. When anti-CD40
and rIL-4 stimulated cells were treated with Mix-1, cell
numbers were reduced to 12.0% with 100 pg/ml Mix-1
treatment and 18.4% with 10 pg/ml Mix-1 (Fig. 2). These data
suggest that Mix-1 may have an inhibitory effect on CD23

expression in differentiating B cells.

3. Expression analysis of CD11a in mouse B cells.

B cells isolated from mouse spleen were stimulated with
anti -CD40 antibody and rIL-4 and cultured for 68 hr in the
presence or the absence of Mix-1 extract. Then, levels of B cell
surface molecule CD23 (FCeRI)) were measured. In cells with
no treatment. CD11la+/CD19-positive B cell number was 1.8%
of the total cells, and % CD11la positive cells when treated with
both anti-CD40 antibody and rIL-4 was 12.5%. When the cells
group stimulated with both anti-CD40 antibody and rIL-4 were
treated with Mix-1, cell numbers were reduced to 7.1% with
100 pg/ml Mix-1 treatment and 10.5% with 10 pug/ml Mix-1
(Fig. 3). These data suggest that Mix-1 may have an inhibitory

effect on activation of differentiating B cells.
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Fig. 3. Inhibitory effect of Mix-1 extract on CD11a+/CD19+
expression by Mix-1 extract plus anti-CD40 mAb pius rlL-
4-stimulated murine splenic B cells.

4. mRNA expression analysis of mouse B cell cytokines

B cells isolated from mouse spleen were treated with
various combinations of drugs as shown in Table 4 and
cultured for 6 hr. Expression levels of several cytokines were
determined by RT-PCR using isolated RNA.

Table 5. Inhibitory Effects of Mix-1 Extract on Cytokines Transcript
Expression in Murine Splenic B Cells

Mix-1 Cytokines m-RNA expression (HT)
a-CD40 rL-4

{mg/ml) IL-tb IL-6 IL-10 TNF-a

RPMI1640-media 0 45 3% 25 152
+ + 0 9% 68 57 195

+ + 100 47 59 27 140

+ + 10 62 55 55 163

+ + 1 84 65 50 158

Mouse B cells from healthy Balb/c mice were either stimulated with anti-CD40 mAb (500
ng/ml) and recombinant interleukin-4 (500 U/ml) or treated with Mix-1 extract (100, 10, 1
mg/mi Jor -4 plus anti-CD4OmAb plus Mix-1 extract or mmiL-10 (50 ng/ml). B cells
were cultured or cocultured with anti-CD40 mAb and Mix-1 extract for 6 hrs. The gene
pxpression of productive IL-1b, IL6, IL-10 and TNF-a tanscripts was evaluated by
Jeverse transcriptase-PCR. Amplified PCR products were electrophoresed on 1.2% agarose
peland the analysis (H) was used to 1D-density program (USA). The other methods for
RBssay were performed as described in Materials and Methods.

1) IL-18 mRNA expression

IL-18 mRNA expression level in B cells with no treatment
(medium control) as represented by Ht value was 45 in one
dimensional densitographic representation Ht, mRNA levels in
cells treated with both anti-CD40 antibody and rIL-4 was 96.
Ht values in cells co-stimulated with anti-CD40 antibody and
rIL-4 were decreased to 47, 62, and 84 by 100, 10, and 1 ug/ml
of Mix-1 treatments respectively. These data suggest that Mix-1
have an inhibitory effect on B cell differentiation (Fig. 4).
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Fig. 4. Inhibitory effects of Mix-1 extract on IL-1B transcript
expression in murine splenic B cells. Mouse B celis from healthy Balb/c
mice were either stimulated with anti-CD40 mAb (500 ng/ml) and recombinant
interleukin-4 (500 U/ml, line 2) or treated with Mix-1 extract (100, 10, 1 mg/mi, line
3, 4. 5 and not treated group (only B cells, line 1). B cells were cultured or
cocultured with anti-CD40 mAb and Mix-1 extract for 6 hrs. The gene expression
of productive IL-1b transcripts was evaluated by reverse transcriptase-PCR.
Ampiified PCR products were electrophoresed on 1.2% agarose gel.

2) IL-6 mRNA expression

IL-6 mRNA expression level in B cells with no treatment
(medium control) in Ht value was 45, and mRNA levels in
cells treated with both anti-CD40 antibody and rIL-4 was 68.
Then, mRNA expression in cells co-stimulated with anti-CD40
antibody and rIL-4 Ht values were decreased to 59, 55, and 65
by 100, 10, and 1 ug/ml of Mix-1 treatments respectively. These
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data suggest that Mix-1 have an inhibitory effect on B cell
differentiation (Fig. 5).

l 2 3 4 5
+ rlL4 plus anti-CD40

B-actin —548bp

Fig. 5. Inhibitory effects of Mix-1 extract on IL-6 transcript expression
in murine splenic B cells.

3) IL-10 mRNA expression

IL-6 mRNA expression level in B cells with no treatment
(medium control) in Ht value was 25, and mRNA levels in
cells treated with both anti-CD40 antibody and rIL-4 was 57.
Then, mRNA expression in cells co-stimulated with anti-CD40
antibody and rIL-4 Ht values were decreased to 27, 55, and 50
by 100, 10, and 1 pg/ml of Mix-1 treatments respectively. These
data suggest that Mix-1 have an stimulating effect on IL-10
expression which inhibits B cell differentiation (Fig. 6).

12 3 4 5
+ L4 plus anti-CD40

B-actin <4— 548bp

Fig. 6. Inhibitory effects of Mix-1 extract on IL-10 transcript
expression in murine splenic B cells.

4) TNF-o mRNA expression

Level of TNF-a mRNA expression in terms of Ht value
was 152 for non-treated control B cells and expression levels
after stimulation with both anti- CD40 mAb and rIL-4 were
increased to 195. Then, the presence of 100, 10, and 1 ng/ml of
TNF-a decreased Ht values to 140, 153, and 158, indicating that
Mix-1 has an inhibitory effect on B cell differentiation(Fig. 7).

5. Effect of Mix-1 on IL-6 production
B cells after culture were harvested by centrifugation at
2000 rpm for 5 min and used for ELISA to determine H.-6

protein levels. Levels of IL-6 production were determined by

measuring optical density at 450 nm for individual samples:
rIL-4 treated group, a-CD40-treated group, ao-CD40 plus
rIL-4-treated group, a-CD40, rIlL-4 and rIL-10-treated group,
and a-CD40 plus rIL-4 with 1-100 ug/mé of Mix-1 stimulation.
As shown in Fig. 8, Mix-1 treatment showed a significantly

inhibitory action on IL-6 production.

12 3 4 3
+ 1lL4 plus anti-CD40

IL-10 558

B-actin —s48bp

Fig. 7. inhibitory effects of Mix-1 extract on TNF-a transcript
expression in murine splenic B cells.
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e
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s

TNF-o

B-actin E—54gbp

Fig. 8. Effect of Mix-1 extract on IL-6 production in murine splenic
B cells. Mouse B cells from healthy Baib/c mice were either stimuiaied with
ant-CD40 mAb (500 ng/ml} and recombinant interleukin-4 (500 U/ml} or treated
with Mix-1 extract (100, 10, 1 mg/ml Jor rlL-4 plus anti-CD40mAD plus Mix-1 extract
or rmiL-10 (50 ng/ml). Statistically significant value compared with control ( with
riL-4 (500 U/ml) plus anti-CD40mAD) data by T test (*p<0.05, *p<0.01, ™p<0.001)

6. Effect of Mix-1 on IL-10 production

B cells after culture were harvested by centrifugation at
2000 rpm for 5 min and used for IL-10 ELISA. Levels of IL-10
production were determined by measuring chromogenic
reaction at 450 nm for each group: groups with no treatment,
rlL-4 treated group, a-CD40-treated group, o-CD40 plus
1lL-4-treated group, a-CD40, rIlL-4 and rIL-10-treated group,
and a-CD40 plus rlL-4 with 1-100 pgg/mé of Mix-1 stimulation.
As shown in Fig. 9, Mix-1 treatment showed a significantly

stimulatory activity on IL-10 production.

7. Effect of Mix-1 on TNF-a production

B cells after culture were harvested by centrifugation at
2000 rpm for 5 min and used for TNF-a ELISA. Levels of TNF-
determined by

a production were spectrophotometric
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measurement of chromogenic reaction ar 450 nm for following
groups: groups with no treatment, rlL-4 treated group, a
-CD40-treated group, a-CD40 plus rIL-4-treated group, a-CD40,
rIL-4 and rIL-10-treated group, and a-CD40 plus 1IL-4 with
1-100 ug/mé of Mix-1 stimulation. As shown in Fig 10, Mix-1
treatment showed a significantly inhibitory effect on TNF-a

production.
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IL-6 production (pg/ml)
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Fig. 9. Effect of Mix-1 extract on IL-10 production in murine splenic
B cells. Statistically significant value compared with control (with riL-4 (500 U/ml)
plus ant-CD40mAD) data by T test (*p¢0.05 ™p<0.01, *p<0.001).
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Fig. 10. Effect of Mix-1 extract on TNF-a production in murine
splenic B cells.

8. Effect of Mix-1 on IgE production

The amount of IgE production was measured 10 days
after culture. Levels of IgE production were determined by
spectro- photometer for following individual groups: group
with no treatment, rIL-4 treated group, a-CD40-treated group, a
-CD40 plus rlL-4-treated group, a-CD40, rIL-4 and
rIL-10-treated group, and a-CD40 plus rIL-4 with 1-100 gg/mé
of Mix-1 stimulation. As shown in Fig. 11, Mix-1 treatment

showed significant inhibitory action on IgE production.

9. Effect of Mix-1 on B cell proliferation
To measure the levels of [methyl-3H] thymidine
incorporated into the cells, collected cells were spotted onto the

glass fiber filter. After drying the filters, the radioactivity was

measured by using liquid scintillation counter (LSC) for the
individual groups; group with no treatment, rIL-4 treated
group, a-CD40-treated group, a-CD40 plus rIL-4-treated group,
a-CD40, rIL-4 and rIL-10-treated group, and a-CD40 plus rIL-4
with 100, 10 or 1 pg/mé of Mix-1 stimulation. As shown in Fig.
12, Mix-1 treatment showed a significantly inhibitory effect on

B cell proliferation.

TNF-a production (pg/ml)

Media Contyol riL-10 Mix-1 Mix-1 Mix-1
(HIG i ©oueamb
w-C D40 mAb - + + + + +
-4 - + + + + +
Fig. 11. Effect of Mix-1 extract on IgE production in murine splenic
B cells. Mouse B celis from healthy Balb/c mice were either stimulated with
anti-CD40 mAb (500 ng/ml) and recombinant interleukin-4 (500 U/mi) or treated
with Mix-1 extract (100, 10, 1 mg/ml Jor rIL-4 plus ant-CD40mAD plus Mix-1 extract
or rmiL-10 (50 ng/ml). Statistically significant value compared with control ( with
riL-4 (500 U/mb plus anti-CD40mAb) data by T test ("p<0.05, **p<0.01, ™p<0.001).
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Fig. 12. Effect of Mix-1 extract on B cells proliferation in murine
splenic B cells. Mouse B cells from healthy Balb/c mice were either stimulated
with anti-CD40 mAb (500 ng/mi and recombinant interleukin-4 (500 U/mi) or
treated with Mix-1 extract (100, 10, 1 mg/mbor rlL-4 plus anti-CD40mMAD plus Mix-1
extract or rmiL-10 (50 ng/ml). Statistically significant value compared with control
(with 1iL-4 (500 U/mb plus anti-CD40mAb) data by T test ("p<0.05, *p{001,
**0(0.001)

10. Effects of Mix-1 on histamine releasing factor (HRF)
expression

Mouse B cells were plated on 24 well plates (1x10°
cells/well). After culture in the various combinations of
anti-CD40 mAb(500 ng/m¢), rmIL-4(500 U/m¢), rHRF (500
ng/ml), and Mix-1 (100 or 10 pg/m¢), HRF expression was
determined by immuno- fluorescence staining. The cells were

incubated with biotin- conjugated rHRF on ice, and HRF
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binding was assayed by flow cytometry. As shown in Fig 13,
Mix-1 showed an inhibitory effect on HRF expression in mouse

splenocytes.

B cells proliferation (cpm)

d

o
Media Lontret riL-10 Mix-1 Mix-1 Mix-1
oy W 1 ugial}

a-CD40 mAb - + + + + +

il - + + + + +
Fig. 13. Inhibitory effect of Mix-1 extract on histamine-releasing
factor (HRF) expression in murine splenic B cells. B cells from heaithy
Balo/c mice were either stimulated with anti-CD40 mAb and recombinant
interleukin-4 (5C0 U/mb) or treated with Mix-1 exiract (100 mg/ml, 10 mg/ml, and
1 mg/ml Yor riL-4 (503 U/mi), ant-CD40mADb plus Mix-1 extract. B cells (A) were
cocultured with ant-CD40 mAb plus rmiL-4 plus rHRF (Control, B), and with
ant-CD40 mAb plus rmiL-4 plus rHRF plus Mix-1 extract (100 mg/mi (C), and 10
mg/ml (D) for 48 hrs. After 48 h, the cells were harvested, and assayed for HRF
expression by flow cytometry, and Statistically significant value compared with
cortrol (with riL-4 (500 U/ml) plus ant-CD40mAb plus rHRF) data by T test
(*p<0.05,”p<0.01,”p<0.001).

Discussion

In the present study, we investigated anti-allergic effects
of Mix-1, a mixture of three different kinds of herbal drugs.
Using cultured mouse B cells, levels of major cytokines and IgE
levels which are known to be critical for regulating type I
hypersensitivity (allergy) were determined in the presence or
absence of Mix-1 extract. Our data indicate that Mix-1
treatment inhibited the levels of B cell surface molecules CD23
and CDlla, implying the inhibition of B cell activation by
Mix-1. Also, determination of B cell proliferation by measuring
the incorporation of radiolabeled thymidine into DNA showed
decreases in B cell proliferation. Measurement of IL-1beta, IL-6,
TNF-alpha, and histamine-releasing factor(HRF) at mRNA and
Jor protein levels in B cells showed decreased production in
by Mix-1 treatment whereas levels of IL-10 mRNA and protein
were increased by Mix-1 treatment. Finally, Mix-1 was not toxic
to cultured mouse lung fibroblast cells. Together, the present
data suggest that Mix-1 was effective in inhibiting the key
molecules (or related molecular events) during allergy
responses and further suggest possible application to type I
hypersensitivity disease such as asthma which is primarily lung
cell disease.

Sequence of events leading to allergic responses is
initiated by the binding of extracellular allergens. Allergen can

be involved directly in activating B cells by interacting with

surface IgE antibodies” ™. Alternatively, allergen activates CD4*
T cells of TH2 type'?. Activated TH2 cells secrete IL-4 which
again activates IgE-B cells or IL-3, IL-5 and GM-CSF which are
involved in eosinophil recruitment. Once B cell is activated,
then IgE antibodies are released and involved in activating

13,14)

mast cells by binding to surface IgE receptor . Consequently,

activated mast cells transmit signals for degranulation,
phospholipase A2 (PLA2), and cytokine gene activation™.
Granule contents such as histamine, proteases and chemotactic
factors including eosino- philic chemotactic factor (ECF) and
neutrophillic chemotactic factor (NCF) are released. Activation
of gene expression increases secretion levels of cytokines
including TNF, IL-1, IL-4, IL-5 and 1L-6%17, Then, the release
of phospholipids via the phospholipase A2 pathway increases
levels of platelet-activating factor (PAF) and arachidonic acid
which again induces the synthesis of leukotrienes B4, C4, and
D4 and prostaglandinw). Also, a role of interferon-y and IL-13
in the type I sensitivity has been shown to be important for
regulating allergic reactions in skins, airway epithelial cells and
lung, and others”®. Several recent studies have reported that
interferon-y is involved in inhibiting the development of
allergic response™? and its level is reversely regulated in
tissues of atopy”™*. All these released mediators are involved
in initial or late-phase allergic reactions. Thus, therapeutic
approaches have been directed to control cytokines and IgE
related with type I hypersensitivity’”".

Individuals who are infected in childhood produce more
Thl cells known to inhibit allergic disease but less Th2 cell
causing allergic diseases™. Cytokines produced from Th1 cells
stimulate Thl cell proliferation but inhibit Th2 cell growth
whereas cytokines from Th2 cells induces Th2, but not Thi, cell
proliferation. Thus, an imbalance between Thl and Th2 cells is
important for controling immune responses and allergy
reaction. Allergic disease can thus be seen as one of the
immune diseases by balance shift from Thl to Th2 cells™*.
Indeed, Th2 cells play a key role in the allergic reaction by
producing cytokines such as IL-4, IL-10, and others which
mediate IgE  production, eosinophil activation, and
inflammation. In an asthma as an example, Th2 cells produce
B-chemokines such as eotaxin, RANTES, MIP-1a, and MCP-3
eosinophil, and help eosinophils enter into the lamina propria
of the bronchioles and secrete IL-5, IL-3, and GM-CSF. These
events are involved in proliferation, maturation, and increased
life-span of eosinophils. Also, eosinophils infiltrated into the
bronchial tissues secretes myelin basic protein (MBP),
eosinophil cationic protein (ECP), eosinophil-derived neurotoxin

35,36)

and induces bronchial damage™. IL-4 induces & isotype

switching in humoral reactions, which increases IgE production
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and promotes the differentiation of ThO cell to Th2 cells, and
thus involved in inducing characteristic inflammatory responses
in eosinophils, epithelial cell detachment, mucus secretion and
bronchoconstriction. All these chronic asthma-related functions
of eosinophils are known to be regulated by Th2 cell
function®, Another important function of Th2 cell is that they
inhibit IFN-y production in asthma patients. It is observed that
IFN-v inhibits IgE production and Th2 cell differentiation in
vitro. IFN-v also increases expression levels of CD69, HLA-DR,
and ICM-1 from eosinophils, activates eosinophil, and
exacerbates the bronchiole inflammation by ICAM-1. While
more studies are required for elucidating actions of IFN-y in
the onset and development progression of asthma, several lines
of evidences indicate that Th2 cells are one of the critical
factors regulating asthma”, and further implicate that several
therapeutic applications for asthma would be possible by
regulating the Th2 cell functions.

Recent studies also suggest that differentiation of Thl and
Th2 cells are controlled at the transcriptional levels. T cell
receptor, co-stimulating factors, and cytokine environments are
known to be important for the differentiation of Thl and Th2
cells. First, a binding affinity of TCR to MHC class 1I is critical
for the differentiation pattern of Thl and Th2 cells; the higher
the binding affinity, the more cells are differentiated into Th2
cells™. Also CD4" coreceptor after interacting with MHC class
II transmits the signal via the activation of tyrosine protein
kinase Ick and contributes the production of Th2 cells. This has
been demonstrated by the fact that CD4" deficient Th2 cells are
not able to differentiate into Th2 cells. Secondly, co-stimulating
receptor CD28 interacts with B7.1 or B7.2 on the antigen
presenting cells to activate and proliferate Th cells and also act
as an essential Th2 cell differentiation factor. CD4" Th2 cells
produce IFN-gamma (; Thl cell cytokine) via CD28 activation
to induce the production of IL-4 and 5 which are Th2 cell
cytokines™.

Our data showed inhibition of IL-1 beta, IL-4 and 6, and
IgE levels in activated B cells. Mast cell-produced cytokines
(TNF, IL-1, IL-4, 5, and 6) and chmokines play an important
role in allergic reaction through their ability to recruit and
activate a variety of inflammatory cells. TNF is an extremely
potent mediator in leukocyte adhesion emigration, activation.
[L-4 is also a mast cell growth factor and is required to derive
IgE synthesis by B cells. It is known that IL-4 can stimulate B
cell differentiation via the interaction with IgM and IgD
receptors on the cell surface. IgE stimulates IgE-specific CD23
production and excretion, and induces the proliferation of B
lymphocyte. After acting on resting B lymphocytes, L4

increases IgE producing B cells, and upregulates IgE

production by interacting with IL-13*). IFN-gamma has not
only antiviral activity but also induces class II MHC and
inhibits CD23 expression. IFN-gamma is involved in
immunoglobulin production by inhibiting IL-4-dependent IgE
production, and blocking IL-4-dependent CD23 expression
which is antagonistic to IL-4 effects™. Thus, Mix-1 treatment
which resulted in decreases in IL-1 beta, IL-4 and 6, and IgE
production may have positively regulatory effects on allergy.
Our data in which Mix-1 inhibited B cell proliferation and HRF
levels, supports this interpretation.

The present data showed that levels of IL-10 production
were increased by Mix-1 treatment in activated B cells. This
regulation were assumed at the gene expression level since
IL-10 mRNA, when analyzed by RT-PCR, was decreased. It has
been reported that IL-10 inhibited proliferation of IgE
producing B cells, and the inhibitory effect of IL-10 on IgE B
cell was dependent upon the presence of monocytes™ ™. The
role of IL-10 as an anti-inflammatory cytokine in allergy has
recently been reviewed™. IL-10 downregulates IL-4 and IL-5
expression by type 2 helper T celll,”. IL-10 also inhibits
accessory cell function®” and in the presence of IL-10, not only
do T lymphocytes proliferate and produce cytokines in
response to allergen, but those cells also rendered irreversibly
nonresponsive (tolerant)****). Support for a modulating role
for IL-10 in human allergic diseases is further derived from
observations that IL-10 inhibits eosinophil survival®*” and IgE

5 Administration of IL-10 to sensitized mice

synthesis
abrogates allergen-induced airway inflammation™, and IL-10
knockout mice developed a lethal form of allergic
bronchopulmonary  aspergillosis with markedly elevated
concentrations of interferon gamma (IFN- ), IL-4, and IL-5%),
Thus, increased expression of IL-10 by Mix-1 might be
important for preventing allergy development.
Histamine-releasing factor or HRF is a collective term
used for a heterogeneous group of factors with different modes
of action'”. The human recombinant histamine-releasing factor
(HrHRF) acts as a complete stimulant for histamine release and
IL-4 secretion from a subpopulation of highly allergic donor
basophils. Additionally, IgE(+) basophils release histamine to
other secretogues, IL-3, and deuterium oxide. In the present
study, Mix-1 decreased levels of HRF in activated B cells,
suggesting decreased stimulation to mast cells or Th2 cells
resulting in decreased production of histamine release and IL-4

in vivo.

Conclusion

Accumulating evidences indicate that it is critical to
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diagnose the allergic disease, pin-point, and eliminate the cause

at the earliest stage as possible. One of the major targets for

early diagnosis

in allergic diseases such as asthma,

nasobronchial allergy, atopy, urticaria (hives) is to determine

IgE levels. The present data showed that Mix-1 showed clear

inhibitory effects on the production of IgE though the levels of

inhibition were smaller compared to positive control group. In

summary, our data show that Mix-1 has significant inhibitory

effects on allergy without cytotoxicity, and further implies its

potential application for clinical medicine.

10.
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