
Dracocephalum argunense FISCH. (Labiatae) (DAAE) has
been used for centuries as traditional oriental medicine. This
crude drug is used for the management of pulmonary phthi-
sis, abdominal phthisis, hepatitis and gastritis.1) Mast cells,
which are constituents of virtually all organs and tissue, are
important mediators of inflammatory responses such as al-
lergy and hypersensitivity. Immediate-type hypersensitivity,
anaphylaxis, is mediated by histamine release in response to
antigen cross-linking of immunoglobulin E (IgE) bound to
FceRI on mast cells. Mast cell activation causes the process
of degranulation that result in releasing of mediators, such as
histamine.2—4)

Among the inflammatory substances released from mast
cells, histamine remains the best-characterized and most po-
tent vasoactive mediator implicated in the acute phase of im-
mediate hypersensitivity.5) Mast cell activation is initiated
upon interaction of multivalent antigen with its specific IgE
antibody attached to the cell membrane via FceRI.6,7) Anti-
dinitrophenyl (DNP) IgE antibody and antigen have been 
established to induce passive cutaneous anaphylaxis (PCA)
reactions as a typical in vivo model for immediate hypersen-
sitivity. Mast cell degranulation also can be elicited by non-
immunologic stimulators such as neuropeptides, basic com-
pounds, complement components, and certain drugs.8) Com-
pound 48/80 and polymers of basic amino acids, such as sub-
stance P, are some of the most potent stimulators of mast
cells.9) Thus, an appropriate amount of compound 48/80 has
been used as a direct and convenient reagent to study the
mechanism of anaphylactic allergic reaction.

The signaling pathway leading to degranulation of mast
cells after engagement of the FceRI receptor has been exten-
sively characterized.3,10) Activation of mast cells leads to
phosphorylation of tyrosine kinase and mobilization of inter-
nal calcium. This is followed by activation of protein kinase

C, mitogen-activated protein kinase (MAPK), and releasing
of inflammatory cytokines. Although mast cells also store
small amounts of cytokines in their granules, these cells dra-
matically increase the production of tumor necrosis factor-a
(TNF-a), interleukin (IL)-6 and other cytokines after their
surface FceRI are cross-linked with specific antigen.11—14)

In this study, we evaluated the effect of DAAE on the com-
pound 48/80-induced systemic reaction, IgE-mediated local
allergic reaction, and histamine release from mast cells. The
cAMP level was investigated to clarify the mechanism by
which DAAE inhibited histamine release from mast cells. In
addition, the effect of DAAE on phorbol 12-myristate 13-ac-
etate (PMA) plus calcium ionophore A23187-induced TNF-
a and IL-6 secretion, and role of MAPK in this effect were
investigated in human mast cells (HMC-1).

MATERIALS AND METHODS

Reagents and Cell Culture Compound 48/80, anti-DNP
IgE, DNP-human serum albumin (HSA), o-phthaldialdehyde,
PMA, calcium ionophore A23187, and metrizamide were
purchased from Sigma (St. Louis, MO, U.S.A.). SB 203580
was purchased from Calbiochem (La Jolla, CA, U.S.A.).
rTNF-a and rIL-6 were purchased from R&D Systems Inc.
(Minneapolis, MN, U.S.A.). The human mast cell line
(HMC-1) was grown in Iscove’s media (Life Technologies,
Grand Island, NY, U.S.A.) supplemented with 10% FBS and
2 mM glutamine at 37 °C in 5% CO2.

Preparation of DAAE The plants of Dracocephalum
argunense FISCH. were collected in Jeonju, Jeonbuk, South
Korea, on the 21th of September, 2004. A voucher specimen
(number WSP-00-40) was deposited at the Herbarium of the
College of Pharmacy, Woosuk University. The plant sample
was extracted with purified water at 70 °C for 5 h. The extract
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was filtered through Whatman No. 1 filter paper, and the fil-
trate was lyophilized. The yield of dried extract from starting
crude materials was about 20.6%. The dried extract was dis-
solved in saline or Tyrode buffer (10 mM HEPES, 130 mM

NaCl, 5 mM KCl, 1.4 mM CaCl2, 1 mM MgCl2, 5.6 mM glu-
cose, 0.1% bovine serum albumin) before use.

Animals The original stock of male ICR mice and male
Sprague–Dawley rats were purchased from Dae-Han Experi-
mental Animal Center (Daejeon, Korea). The animals were
housed 5 per cage in a laminar air flow room maintained
under a temperature of 22�2 °C and relative humidity of
55�5% throughout the study. The care and treatment of the
mice were in accordance with the guidelines established by
the Public Health Service Policy on the Humane Care and
Use of Laboratory Animals and were approved by the Institu-
tional Animal Care and Use Committee.

Compound 48/80-Induced Systemic Anaphylaxis
Mice were given an intraperitoneal injection of 8 mg/kg body
weight (BW) of the mast cell degranulator, compound 48/80.
DAAE was dissolved in saline and administered 1 h before
the injection of compound 48/80 (n�10/group). Mortality
was monitored for 1 h after induction of anaphylactic shock.
After the mortality test, blood was obtained from the heart of
each mouse to measure serum histamine content.

Passive Cutaneous Anaphylaxis (PCA) An IgE-de-
pendent cutaneous reaction was examined as previously de-
scribed.15) PCA reaction was generated by sensitizing skin
with an intradermal injection of anti-DNP IgE followed 48 h
later with an injection of DNP–HSA into the mouse tail vein.
The mice were injected intradermally with 0.5 mg of anti-
DNP IgE. After 48 h, each mouse was received an injection
of 1 mg of DNP–HSA containing 4% Evans blue (1 : 4) via
the tail vein. Thirty minutes after the challenge, the mice
were killed and the dorsal skin was removed for measure-
ment of the pigment area. The amount of dye was deter-
mined colorimetrically after extraction with 1 ml of 1 M KOH
and 9 ml of a mixture of acetone and phosphoric acid (5 : 13)
based on the method of Katayama et al.16) The intensity of
absorbance was measured at 620 nm in a spectrophotometer
(Shimadzu, UV-1201, Kyoto, Japan).

Preparation of Rat Peritoneal Mast Cells (RPMC)
RPMC were isolated as previously described.17) In brief, the
peritoneal cells were suspended in Tyrode buffer, layered on
2 ml of metrizamide (22.5 w/v%), and centrifuged for 15 min
at 400 g. The cells that remained at the buffer–metrizamide
interface were aspirated and discarded; the cells in the pellet
were washed and resuspended in 1 ml of Tyrode buffer. Mast
cell preparations were about 95% pure as assessed by tolui-
dine blue staining. More than 97% of the cells were viable as
judged by trypane blue uptake.

Histamine Assay Histamine content from serum and
RPMC were measured by the o-phthaldialdehyde spectroflu-
orometric procedure.18) The blood from the mice was cen-
trifuged at 400 g for 10 min and the serum was withdrawn to
measure histamine content. Purified RPMC were cultured
with a-minimum essential media (Life Technologies) sup-
plemented with 10% FBS at 37 °C in 5% CO2. RPMC sus-
pensions (2�105 cells/ml) were sensitized with anti-DNP IgE
(10 mg/ml) for 16 h. The cells were preincubated with DAAE
at 37 °C for 10 min prior to the challenge with DNP–HSA
(1 mg/ml). The cells were separated from the released hista-

mine by centrifugation at 400 g for 5 min at 4 °C.
cAMP Assay The cAMP level was measured followed

by the procedure of Peachell et al.19) In brief, RPMC were 
resuspended in prewarmed Tyrode buffer. An aliquot of cell
was added to an equivalent volume of prewarmed buffer con-
taining DAAE. The reaction was allowed to proceed for indi-
cated time and terminated by the addition of ice-cold acidi-
fied ethanol. The sample was reconstituted in assay buffer
and cAMP level was determined by enzyme immunoassay
using a commercial kit (Amersham Pharmacia Biotech, Pis-
cataway, NJ, U.S.A.).

Western Blot Analysis Cell extracts were prepared by
detergent lysis procedure. Samples of protein (50 mg) were
electrophoresed using 12% SDS-PAGE, as described else-
where20) and then transferred to nitrocellulose membrane.
The p38 MAPK, ERK, and JNK activation was determined
using anti-phospho-p38, -ERK, and -JNK antibodies (Cell
Signaling, Beverly, MA, U.S.A.). Immunodetection was done
using enhanced chemiluminescence detection kit (Amer-
sham).

Cytokine Secretion TNF-a and IL-6 secretion were
measured by modification of an enzyme-linked immunosor-
bent assay (ELISA). HMC-1 cells were sensitized with PMA
(20 nM) plus A23187 (1 mM). The ELISA was performed by
coating 96-well plates with 6.25 ng/well of monoclonal anti-
body with specificity for TNF-a and IL-6 respectively. Be-
fore use and between subsequent steps in the assay, the
coated plates were washed twice with PBS containing 0.05%
Tween-20 and twice with PBS alone. For the standard curve,
rTNF-a and rIL-6 were added to the serum which was previ-
ously determined to be negative to endogenous TNF-a and
IL-6. After exposure to the medium, the assay plates were
exposed sequentially to biotinylated anti-human TNF-a or
IL-6, and IL-6, 2,2�-azino-bis(3-ethylbenzthiazoline-6-sul-
fonic acid) (ABTS) tablet substrates. Optical density was
read within 10 min of the addition of the substrate with a
405 nm filter.

Statistical Analysis Statistical analyses were performed
using SAS statistical software (SAS Institute, Cary, NC,
U.S.A.). Treatment effects were analyzed using one way
analysis of variance followed by Duncan’s Multiple Range
test. A value of p�0.05 was used to indicate significant dif-
ferences.

RESULTS

DAAE Attenuates in Vivo Model of Allergic Responses
The systemic allergic model (anaphylaxis) was used in order
to assess the contribution of DAAE in anaphylactic reaction.
Compound 48/80 was used as a model of induction of sys-
temic fatal allergic reaction. After the intraperitoneal injec-
tion of compound 48/80, the mice were monitored for 1 h,
after which the mortality rate was determined. Compound
48/80 (8 mg/g) induced fatal shock in 100% of animals (Fig.
1A). When DAAE was anally administered at concentrations
ranging from 0.001—1 mg/g for 1 h before the compound
48/80 injection, the mortality with compound 48/80 was
dose-dependently reduced. DAAE completely inhibited the
compound 48/80-induced fatal shock at 1 mg/g. The effect of
DAAE on the compound 48/80-induced serum histamine re-
lease was investigated. DAAE was administered at concen-
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trations ranging from 0.001—1 mg/g 1 h before the com-
pound 48/80 injection. Injection of compound 48/80 caused
marked increase of serum histamine release, and this induc-
tion was inhibited by DAAE treatment in a dose-dependent
manner (Fig. 1B). To confirm the anti-allergic effects of
DAAE in in vivo model, we used passive cutaneous anaphy-
laxis (PCA). PCA is one of the most important in vivo mod-
els of local allergic reaction.21) Local extravasation is induced
by a local injection of anti-DNP IgE followed by an intra-
venous antigenic challenge. Anti-DNP IgE was injected into
the right dorsal skin sites. As a control, the left dorsal skin
site of these mice was injected with saline alone. After 48 h,
all animals were injected intravenously with DNP–HSA plus
Evans blue dye. DAAE was administered anally 1 h prior to
the challenge with antigen. The administration of DAAE
(0.001—1 mg/g) showed a dose-dependent inhibition in the
PCA reaction (Fig. 2).

DAAE Decreases IgE-Mediated Histamine Release in
Mast Cells To study the effect of DAAE on mast cell-me-
diated allergic responses, we evaluated the ability of DAAE
on IgE-mediated histamine release from RPMC. The 
released histamine level was hardly detectable in unstimu-
lated cells; however, RPMC released a high level of hista-
mine when sensitized with anti-DNP IgE (10 mg/ml) and
challenged with DNP–HSA (1 mg/ml) (Fig. 3). Treatment of
DAAE (0.001—1 mg/ml) dose dependently inhibited IgE-
mediated histamine release. The concentration and duration
of DAAE treatment used in these studies had no significant
effect on the viability of RPMC measured by MTT assay
(data not shown). The cAMP pathway is critical to the regu-

lation of mast cell degranulation. An increase of cAMP is
known to precede the inhibition of histamine release from
mast cells in response to stimulation of IgE receptors.22) To
investigate the mechanisms of DAAE on the reduction of
IgE-induced histamine release from mast cells, we assayed
the intracellular cAMP levels. The level of cAMP was not
changed in unstimulated cells. When RPMC were incubated
with DAAE at 1 mg/ml, the cAMP content increased at 1—
2 min and decreased to basal levels from 3 min (Fig. 4).

DAAE Inhibits Pro-Inflammatory Cytokine Secretion
and Selectively Decreases p38 MAPK Activation To
evaluate the impact of DAAE on downstream mast cell sig-
naling, we examined the effect of DAAE on the MAPKs. Ac-
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Fig. 1. Effect of DAAE on the Compound 48/80-Induced Systemic Ana-
phylaxis

(A) Groups of mice (n�10/group) were anally treated with 200 m l of saline or DAAE
at various doses 1 h before the intraperitoneal injection of the compound 48/80
(8 mg/g). Mortality (%) within 1 h following compound 48/80 injection is represented
as the number of dead mice�100/total number of experimental mice. (B) The blood
was obtained from the heart of each mouse and histamine content was measured by
spectrofluorometer. * Significant difference at p�0.05

Fig. 2. Effect of DAAE on the 48 h Passive Cutaneous Anaphylaxis

DAAE was anally administered 1 h prior to the challenge with antigen. Each data
represents the mean�S.E.M. of two independent experiments.

Fig. 3. Effect of DAAE on IgE-Induced Histamine Release from RPMC

The cells (2�105 cells/ml) were preincubated with DAAE at 37 °C for 10 min prior
to challenge with DNP–HSA. Each data represents the mean�S.E.M. of three inde-
pendent experiments. ∗ Significant difference at p�0.05.

Fig. 4. Effect of DAAE on cAMP in RPMC

Cells were treated with DAAE (1 mg/ml) for indicated time at 37 °C. The analysis of
intracellular cAMP described in Materials and Methods. Each data represents the
mean�S.E.M. of two independent experiments. ∗ Significant difference at p�0.05.



tivation of MAPKs result from phosphorylation of specific
tyrosine and threonine residues.23) Assessment of the activa-
tion of p38, ERK, and JNK was determined by Western blot
in human mast cell line (HMC-1). Treatment of PMA
(20 nM) plus A23187 (1 mM) activated all three types of
MAPKs at 15—30 min in HMC-1 cells (data not shown).
DAAE specifically attenuated the PMA plus A23187-in-
duced p38 MAPK activation in a dose-dependent manner but
did not affect the phosphorylation of ERK and JNK (Fig. 5).
Next, we examined whether DAAE could regulate pro-in-
flammatory cytokines such as TNF-a and IL-6 in HMC-1
cells. TNF-a and IL-6 play a major role in triggering and
sustaining the allergic response in mast cells. In addition, the
production of TNF-a and IL-6 is regulated by p38
MAPK.15,24) Secretion of TNF-a and IL-6 was measured by
ELISA. Stimulation of HMC-1 cells with PMA (20 nM) plus
A23187 (1 mM) during 16 h induced the secretion of both cy-
tokines (Fig. 6). Treatment of DAAE dose-dependently re-
duced PMA plus A23187-induced TNF-a and IL-6 secre-
tion. A specific p38 MAPK inhibitor, SB 203580 (10 mM),
abolished PMA plus A23187-induced TNF-a and IL-6 
secretion.

DISCUSSION

Using in vitro and in vivo model, we show that DAAE reg-
ulates mast cell-mediated allergic responses. In the present
study, we clearly demonstrated that DAAE decreased com-
pound 48/80 or IgE-induced histamine release and PMA 
plus calcium ionophore-mediated pro-inflammatory cytokine 
secretion.

Numerous reports established that stimulation of mast
cells with compound 48/80 or IgE initiates the activation of
signal-transduction pathway, which leads to histamine re-
lease. Several studies have shown that compound 48/80 and
other polybasic compounds are able, apparently directly, to
activate G-proteins.25,26) Tasaka et al.27) report that compound
48/80 increases the permeability of the lipid bilayer mem-
brane by causing a perturbation of the membrane. These 
reports indicate that the increase in membrane permeability
may be an essential trigger for the release of the mediator

from mast cells. In this sense, anti-allergic agents having a
membrane-stabilizing action may be desirable. In the present
study, DAAE significantly inhibited systemic allergic reac-
tion and histamine release from mast cells. These results 
indicate that mast cell-mediated immediate-type allergic 
reactions are inhibited by DAAE. In addition, DAAE admin-
istered mice are protected from IgE-mediated PCA, one of
the most important in vivo models of anaphylaxis in local 
allergic reaction. This finding suggests that DAAE might be
useful in allergic skin reactions.

cAMP pathway is critical to the degranulation of mast
cells. Agents that stimulate an intracellular cAMP level have
been shown to reduce mast cell degranulation. An increase of
cAMP is believed to precede the inhibition of histamine 
release from mast cells in response to stimulation of IgE re-
ceptors or compound 48/80.22,27,28) The release of histamine
is known to be depressed by an increase in intracellular
cAMP content due to the activation of adenylate cyclase or
inhibition of cAMP phosphodiesterase.29) The intracellular
cAMP content of the mast cells, when incubated with
DAAE, increased in comparison with that of basal cells.
These results suggest that the effects of DAAE on the aller-
gic reaction may be associated with an increase in the intra-
cellular cAMP content of the mast cells. Our result showing
an enhancement of cAMP in mast cells following DAAE
treatment is consistent with other reports. According to these
observations, we speculate that increased cAMP might be 
involved in the inhibitory effect of DAAE on histamine 
release.

HMC-1 cell line is a useful cell for studying cytokine acti-
vation pathways.30,31) The spectrum of cytokines produced by
HMC-1 cells with PMA plus A23187 stimulation supports
the well-recognized role of mast cells in immediate-type hy-
persensitivity. TNF-a and IL-6, play a major role in trigger-
ing and sustaining the allergic inflammatory response in mast
cells. TNF-a promotes inflammation, leukocyte infiltration,
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Fig. 5. Effect of DAAE on the MAPKs Activation

After pretreatment of DAAE for 30 min, HMC-1 cells were stimulated by PMA
(20 nM) plus A23187 (1 mM) 15 min for MAPKs activation. Phosphorylation of MAPKs
was analyzed by Western blot.

Fig. 6. Effect of DAAE on the Pro-Inflammatory Cytokine Secretion

PMA (20 nM) plus A23187 (1 mM)-stimulated HMC-1 cells were incubated for 16 h
in the absence or presence of DAAE. TNF-a and IL-6 secreted into the medium are
presented as the mean�S.E.M. of three independent experiments. ∗ Significant differ-
ence at p�0.05.



granuloma formation and tissue fibrosis and is thought to be
an initiator of cytokine related inflammation states by stimu-
lating cytokine production.32,33) IL-6 is also produced from
mast cells and its local accumulation is associated with PCA
reaction.34) These reports indicate that reduction of TNF-a
and IL-6 from mast cell is a one of the key indicator of 
reduced allergic symptom. In the present study, DAAE inhib-
ited the secretion of TNF-a and IL-6 in PMA plus A23187-
stimulated HMC-1 cells. These results suggest that DAAE
reduces the allergic responses through decreasing the pro-in-
flammatory cytokine production.

The MAPK cascade is one of the important signaling path-
ways in immune responses.23) The expression of TNF-a and
IL-6 is regulated by MAPKs. The exact signaling pathways
among three types of MAPKs such as p38, ERK, and JNK,
are still unclear; however, p38 MAPK is thought to play an
important role in regulation of inflammatory responses. Acti-
vation of p38 MAPK is essential for the expression of the
pro-inflammatory cytokines.35,36) According to the present 
results, PMA plus A23187 simultaneously activated all three
MAPKs in HMC-1 cells. Among the MAPKs, DAAE specif-
ically inhibited the activation of p38 MAPK but not of ERK
or JNK. Furthermore, the specific p38 MAPK inhibitor, SB
203580, decreased TNF-a and IL-6 production. These data
suggest that DAAE has the inhibitory activity on p38 MAPK
activation and downstream TNF-a and IL-6 production.

Because we used the whole water extract of D. argunense
not a purified component, the active components that are 
responsible for the biological effect are not clear at this time.
The effort for identify active components from DAAE in 
allergic reaction is ongoing in our laboratory. However, the
results presented in this report give an insight into the mech-
anism responsible for anti-allergic activity of DAAE and evi-
dence that DAAE could contribute to the prevention or treat-
ment of mast cell-mediated allergic diseases.

Acknowledgements This work was supported by the
MRC program of MOST/KOSEF (grant #: R13-2005-013-
01000-0), Korea.

REFERENCES

1) Yook C. S., “Medical Plant of Korea,” Jinmyeong Pubishing Co.,
Seoul, 1981, pp. 337—338.

2) Church M. K., Levi-Schaffer F., J. Allergy Clin. Immunol., 99, 155—
160 (1997).

3) Metcalfe D. D., Kaliner M., Donlon M. A., Crit. Rev. Immunol., 3,
23—74 (1981).

4) Miyajima I., Dombrowicz D., Martin T. R., Ravetch J. V., Kinet J. P.,
Galli S. J., J. Clin. Invest., 99, 901—914 (1997).

5) Petersen L. J., Mosbech H., Skov P. S., J. Allergy Clin. Immunol., 97,
672—679 (1996).

6) Metzger H., Alcaraz G., Hohman R., Kinet J. P., Pribluda V., Quarto
R., Annu. Rev. Immunol., 4, 419—470 (1986).

7) Alber G., Miller L., Jelsema C. L., Varin-Blank N., Metzger H., J.
Biol. Chem., 266, 22613—22620 (1991).

8) Lagunoff D., Martin T. W., Read G., Annu. Rev. Pharmacol. Toxicol.,
23, 331—351 (1983).

9) Ennis M., Pearce F. L., Weston P. M., Br. J. Pharmacol., 70, 329—334
(1980).

10) Beaven M. A., Rogers J., Moore J. P., Hesketh T. R., Smith G. A., Met-
calfe J. C., J. Biol. Chem., 259, 7129—7136 (1984).

11) Burd P. R., Rogers H. W., Gordon J. R., Martin C. A., Jayaraman S.,
Wilson S. D., Dvorak A. M., Galli S. J., Dorf M. E., J. Exp. Med., 170,
245—257 (1989).

12) Galli S. J., Gordon J. R., Wershil B. K., Curr. Opin. Immunol., 3,
865—872 (1991).

13) Plaut M., Pierce J. H., Watson C. J., Hanley-Hyde J., Nordan R. P.,
Paul W. E., Nature (London), 339, 64—67 (1989).

14) Bradding P., Feather I. H., Wilson S., Bardin P. G., Heusser C. H., Hol-
gate S. T., Howarth P. H., J. Immunol., 151, 3853—3865 (1993).

15) Kim S. H., Choi C. H., Kim S. Y., Eun J. S., Shin T. Y., Exp. Biol.
Med., 230, 82—88 (2005).

16) Katayama S., Shionoya H., Ohtake S., Microbiol. Immunol., 22, 89—
101 (1978).

17) Shin T. Y., Kim S. H., Choi C. H., Shin H. Y., Kim H. M., Int. Arch.
Allergy Immunol., 135, 17—23 (2004).

18) Shore P. A., Burkhalter A., Cohn V. H., Jr., J. Pharmacol. Exp. Ther.,
127, 182—186 (1959).

19) Peachell P. T., MacGlashan D. W., Jr., Lichtenstein L. M., Schleimer R.
P., J. Immunol., 140, 571—579 (1988).

20) Kim S. H., Sharma R. P., Toxicol. Appl. Pharmacol., 196, 47—57
(2004).

21) Wershil B. K., Mekori Y. A., Murakami T., Galli S. J., J. Immunol.,
139, 2605—2614 (1987).

22) Kaliner M., Austen K. F., J. Immunol., 112, 664—674 (1974).
23) Arbabi S., Maier R. V., Crit. Care Med., 30, S74—S79 (2002).
24) Dong C., Davis R. J., Flavell R. A., Annu. Rev. Immunol., 20, 55—72

(2002).
25) Mousli M., Bronner C., Landry Y., Bockaert J., Rouot B., FEBS Lett.,

259, 260—262 (1990).
26) Chahdi A., Fraundorfer P. F., Beaven M. A., J. Pharmacol. Exp. Ther.,

292, 122—130 (2000).
27) Tasaka K., Mio M., Okamoto M., Ann. Allergy, 56, 464—469 (1986).
28) Weston M. C., Peachell P. T., Gen. Pharmacol., 31, 715—719 (1998).
29) Makino H., Saijo T., Ashida Y., Kuriki H., Maki Y., Int. Arch. Allergy

Appl. Immunol., 82, 66—71 (1987).
30) Sillaber C., Bevec D., Butterfield J. H., Heppner C., Valenta R.,

Scheiner O., Kraft D., Lechner K., Bettelheim P., Valent P., Exp.
Hematol., 21, 1271—1275 (1993).

31) Moller A., Henz B. M., Grutzkau A., Lippert U., Aragane Y., Schwarz
T., Kruger-Krasagakes S., Immunology, 93, 289—295 (1998).

32) Hide I., Toriu N., Nuibe T., Inoue A., Hide M., Yamamoto S., Nakata
Y., J. Immunol., 159, 2932—2940 (1997).

33) Jeong H. J., Koo H. N., Na H. J., Kim M. S., Hong S. H., Eom J. W.,
Kim K. S., Shin T. Y., Kim H. M., Cytokine, 18, 252—259 (2002).

34) Mican J. A., Arora N., Burd P. R., Metcalfe D. D., J. Allergy Clin. Im-
munol., 90, 815—824 (1992).

35) Shapiro L., Dinarello C. A., Proc. Natl. Acad. Sci. U.S.A., 92, 12230—
12234 (1995).

36) Manthey C. L., Wang S. W., Kinney S. D., Yao Z., J. Leukoc. Biol., 64,
409—417 (1998).

498 Vol. 29, No. 3


