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THE in fluence  of an ti-allergic drugs, epin astine hydro-
chloride (EP) and disodium  crom oglycate  (DSCG), on
the  co-stim ulatory m olecule ex pre ss ion  was ex am-
in ed using in vitro cell culture techn ique. Spleen  ce lls
obtained from  BALB/c m ice 10 days  after  im m uniza-
tion  w ith haem ocyan in absorbed to alum inium
hydrox ide  w ere cultured in  the  presence of 100.0
m g /m l haem ocyan in and various concen trations of
the  agen ts . Low  concentrations (<1.5 ´ 10–4 M) of EP
and DSCG did not influence spleen  ce ll blastic  activity
in duced by an tigen ic s tim ulation , whereas  these
agen ts  caused s ign ifican t in h ibition of spleen  ce ll
activation  w hen  2 ́ 10– 4 M of th e agents  were  added to
cell cultures . EP and DSCG also did not affect blas tic
activity of sen sitized splen ic T cells  by an ti-CD3
m onoclonal an tibody stim ulation  even  when  these
cells  were cultured in  the presence of 2 ́ 10– 4 M of the
agen ts . We  nex t ex am in ed the  in fluence  of EP and
DSCG on  the ex press ion of co-s tim ulatory m olecule s
on  spleen  cells  in  response  to antigenic  s tim ulation.
Sens itized spleen cells  w ere cultured in  th e pres ence
of 2 ´ 10– 4M of th e agen ts  and the ex pre ss ion  of
m olecules  w ere ex am in ed by flow  cytom eter 24 h
later. EP and DSCG suppress ed the ex pre ss ion  of co-
stim ulatory m olecules , CD40 and CD80, but not CD86,
on  splenic  B cells  w h ich  w ere enhanced by antigen ic
stim ulation in vitro .
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Ex pression, Inhibition, Mouse , Spleen cell

Introduction

Current theories on the  pathogene sis of allergic
diseases  such as as thma, atopic  dermatitis and allergic
rhinitis, c learly show  that inflammatory responses are
important determinants  of the  diseases .1 Several
inflammatory ce lls  including eosinophils  and mast
ce lls , and IgE antibody have been postulated to
participate  in the inflammatory responses to anti-
genic  stimulation.2 ,3 It is gene rally ac cepted that the
central ce lls  in these  re sponse s are the T lymphocytes:
T lymphocyte s, especially helper T lymphocytes,
upon contact w ith alle rgens, activate  and re lease
several types of lymphokines that control the e stab-
lishment and re gulation of the inflammatory respon-
se s that underly many alle rgic  disease s.

Antige n-specific T ce ll ac tivation requires  triggering
via the antigen-spec ific T ce ll receptor and a co-
stimulatory signal usually provided by antigen pre-
senting cells  (APC) including B cells and macro-
phages.4 –7 Interac tion of T ce lls  w ith antigen in the
absence  of suffic ient co-stimulation can result in T ce ll
unresponsiveness–termed anergy.7,8 A number of APC
surface  de te rminants have been show n to be capable
of providing T cell co-stimulation. Ac tivated APC

ex pre ss CD80, w hich co-stimulate s T ce lls via binding
to the counter re ceptor CD28.4 ,7 CD86, w hich also
binds to CD28, is constitutive ly ex pressed on pro-
fessional and non-profe ssional APC earlie r than
CD80.4 ,7 The inte rac tion betw een CD40 molecules
and its ligand, CD40L, on T cells has also be en
identified as an important co-stimulatory signal
required for sw itch re combination to IgE
synthesis.9,10

A number of anti-alle rgic  drugs such as  aze lastine,
epinastine hydrochloride (EP), and disodium c romo-
glycate  (DSCG) have been developed and are used
clinically in the treatment and the  management of
alle rgic  disease s. The  mechanisms of ac tion of these
agents on alle rgic  dise ases are  generally be lieved to be
ow ing, in part, to their inhibitory action on chemical
mediator re le ase from effe ctor ce lls such as  eosino-
phils  and mast ce lls.1 1,12 Although these  agents  are also
reported to display antagonistic  e ffec ts on chemical
mediators,13 ,1 4 there  is little  information about the
influence of anti-allergic  agents on co-stimulatory
molecule ex press ion. There fore, in this  study w e
ex amined w hether anti-alle rgic  agents could modulate
the ex pre ssion of co-stimulatory molecule s on lympho-
cytes by an in v itro ce ll culture  te chnique.
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Materials and methods

Mice

Specific  pathogen free, male  BALB/c mice , 5 w eeks of
age were  purchased from Charle s River Japan Inc.
(Atsugi, Japan). Each ex perimental and control group
consis ted of five mice. Animal care  and handling w ere
in ac cordance  w ith the princ iples stated in the  Guide
for the Care and Use  of Laboratory Animals (Prime
Ministe r’s Office  of Japan, Publication No. 85–23,
1985). The ex perimental protocols of this  study w ere
approved by the  Animal Care  and Use Committe e of
Show a Unive rsity.

Immunization

Mice w ere  immunized by intraperitoneal injec tion of
8.0 m g /ml haemocyanin (Sigma Chemical Co., St
Louis, MO) absorbed to 4.0 mg aluminium hydrox ide
(Wako Chemical Co., Ltd, Osaka, Japan) in 0.5 ml
saline .

Agents

EP w as kindly supplied by Boehringer Ingelhaim
(Ingelhaim, Germany ) as  a w ater soluble pure pow-
der. The pow der w as dissolved in saline at a concen-
tration of 5 ´ 10– 2 M. This solution w as  then filtered
through a 0.22 m m filter (Nihon Millipore  Co., Ltd,
Yonezaw a, Japan) and stored as a stock solution at 4°C
until used. All dilutions used in this  study w ere
prepared from this stock solution by dilution w ith
RPMI-1640 medium (Wako Chemical ) supplemented
w ith 10% foe tal c alf serum (Sigma chemical; RPMI-
FCS). DSCG w as  purchased from Fujisaw a-Fison Co.,
Osaka, Japan as a solution in distilled w ater. This
solution contained 5.0 M DSCG. All dilutions used in
this study were  prepared from this  solution.

Cell preparation

Spleen was removed from five  individual mice 10 days
after the immunization. These organs w ere  pre ssed
through 60 gauge ste el s ieves  into saline. The  cells
w ere  w ashed once  w ith saline and then treated w ith
Tris-buffered ammonium chloride (17 mM Tris-HCl–
0.73% NH4Cl, pH 7.6) for 5 min to lyse  red blood
ce lls . After pass ing through 200 gauge stee l sie ves, the
res idual c ells w ere  w ashed three times, re suspended
in saline at a concentration of 1 ´ 106 ce lls /ml and
used for splenocytes. In the  case  of ex pe riments using
purified T ce lls , T cells w ere  separated from spleno-
cytes using a magne tic ce ll separator (Milteny Biote c
GmbH, Bergisch Gladbach, Germany ) according to
the manufac turer’s  instructions. Splenocyte s w ere
labeled w ith anti-mouse  CD19 monoclonal antibody
(mAb)-coated magnetic microbeads (Milteny Biote c
GmbH). These  ce lls  w ere  then applied to the column
placed in the separator and the  column w as w ashed
w ith PBS. The entire  effluated cells w ere  w ashed

tw ice and re suspended in saline  at a concentration of
1 ´ 106 ce lls /ml. The  purity of the  ce lls  w as checked
by incubating separated cells w ith fluore sce in iso-
thiocyanate (FITC)-conjugated mAb to CD90 (Phar-
Mingen, San Diego, CA). Fluorescence  mic roscopic
ex amination revealed that more  than 98% of the  cells
w ere  CD90 positive, and the se  cells we re  used as
splenic T cells.

Cell proliferation assay

Splenocytes pre pared as above  w ere  w ashed once
and re suspended in RPMI-1640 medium (Wako Chem-
ical ) supplemented w ith 10% foe tal c alf serum (Sigma
Chemical; RPMI-FCS) at a concentration of 1 ´ 106

ce lls /ml. To ex amine  blastic activity of the cells,
100 m l of cell suspension w as introduced into each
w ell of 96-w ell flat-bottomed culture plates  (Nunc,
Denmark ). Various concentrations of the anti-allergic
agents, EP and DSCG, and 100.0 m g /ml haemocyanin
w ere  added in anothe r 100 m l to give a total volume of
200 m l. These mix tures  we re  then incubated at 37°C
in a humidified atmosphere  of 5% CO2 in air. After
40 h culture, 37 kBr of 3H-thymidine (spec ific  activity
740 GBq /mmol, New  England Nuclear, Boston, MA,
USA) w as added to e ach w ell, and the plate w as
maintained for another 8 h. Ce lls w ere  colle cte d on
glass fiber filte rs for liquid scintillation counting using
a Packard Tricarb liquid scintillation spectorometer.
The results  w e re  ex pressed as mean counts per
minute  (cpm)±SD of triplicate cultures . For ex amina-
tion of the prolife rative  re sponse  of splenocytes to
anti-CD3 stimulation, 100 m l of PBS containing
20.0 m g /ml of mAb to mouse CD3 « (Genzyme , Min-
neapolis, MN, USA) w as introduced into e ach we ll of
96-w ell flat-bottomed culture plate s (Nunc, Denmark)
in triplicate and incubated ove rnight at 4°C.15 Be fore
use, the  plate s w ere  w ashed once w ith 200 m l PBS.
Splenic  T cells pre pared as above  were  cultured
in mAb-coated plates that contained various concen-
trations of agents at 2 ´ 105 cells in a final volume  of
200 m l for 48 h. The  ce ll proliferation w as  assessed in
a similar manner. For ex amination of the  influence  of
the agents on co-stimulatory molecule ex pre ssions,
0.5 ml of the  ce ll suspensions (5 ´ 105 cells ) w ere
dispensed into 24-w ell flat-bottomed culture plates
(NUNC) that contained 0.5 ml of various concentra-
tions of the  agents and 100.0 m g /ml antigen. The
plates w ere  maintained for 24 h at 37°C in a humid-
ified atmosphere  of 5% CO2 in air. The cells w e re  then
collected by centrifugation, w ashed tw ice  w ith saline,
resuspended at a concentration of 1 ´ 105 cells /ml,
and stored on ice until processed.

Flow cytometry

The mAbs used for flow  cytometry w ere  anti-mouse
CD16/32 mAb, FITC-conjugated anti-mouse CD40,
CD80 and CD86 mAbs. They w ere  purchased from
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PharMingen. Before  staining CD40, CD80 and CD86
molecules  w ith spec ific antibodies, the purified
cultured B ce lls (1 ´ 106 cells ) we re  treated w ith
1.0 m g of anti-mouse  CD16/32 mAb for 5 min at 4°C to
block non-spec ific  Fc  receptor mediated binding of
antibodie s. Pre-treated cells w ere  then stained w ith
either FITC-conjugated mAb to CD40, CD80 or CD86
for 25 min at 25°C. Afte r w ashing once, c ells  we re
suspended in saline, and assayed for fluorescence
intensity on ce lls using Flow  cytometer (Becton
Dickinson, Mountain View, CA, USA).

Statistical analysis

The statistical significance  of the diffe rence in the
mean value betw een tw o groups w as  ex amined by
the Mann–Whitney U te st.

Results

Influence of EP on proliferative response of
lymphocytes in vitro

The first se t of ex periments was de signed to ex amine
the influence of EP on proliferative  response of
spleen cells induced by in v itro stimulation w ith
antigens. Spleen cells prepared from five individual
mice immunized w ith haemocyanin w ere  cultured in
v itro in the  presence of 100.0 m g /ml haemocyanin
and various concentrations of EP for 48 h. As  show n in
Fig. 1A, low  doses  of EP (10– 4 M and 1.5 ´ 10– 4 M) did
not affe ct the proliferative  activities  of spleen cells  in
response to haemocyanin stimulation in  vitro . How-

eve r, a statistically significant inhibition of ce ll pro-
liferation w as  observed w hen the ce lls we re  cultured
in the  presence of 2 ´ 10– 4 M of the  agent. Furthe r
ex pe riments w e re  carried out to ex amine w hether
the suppre ssive activity of EP on antigen-induced ce ll
prolife ration w as  also observed in cells stimulated by
anti-CD3 mAb. To do this , splenic  T cells from
haemocyanin-immunized mice  were  cultured w ith
solid phase  of mAb in the  pre sence  of various dose s of
EP for 48 h. As  show n in Fig. 1B, EP did not interfe re
w ith the  proliferative  re sponse  of sens itized splenic T
ce lls  e ven w hen the  cells  w ere  cultured w ith 2 ´
10– 4 M EP.

Influence of EP on co-stimulatory molecule
expression

This study w as carried out to ex amine the  influence
of EP on co-stimulatory molecule ex pressions on
splenocytes . Spleen cells prepared from haemocya-
nin-immunized mice w ere  cultured in v itro in the
presence of 100.0 m g/ml haemocyanin and 2 ´ 10– 4 M
of EP for 24 h. The cultured cells w ere  stained w ith
FITC-labeled mAbs against co-stimulatory molecules
and w ere  analyzed by flow  cytometry for the  ex pre s-
sion of CD40, CD80 and CD86 on the ir c ell surface. As
show n in Fig. 2, addition of EP into ce ll culture s at a
dose of 2 ´ 10– 4 M significantly suppressed CD40
ex pre ssion on the cells, w hich w ere  enhanced by in
v itro stimulation w ith haemocyanin. EP also sup-
presses  the ability of the cells to ex press  CD80
molecules  on the ir c ell surface induced by antigenic
stimulation in vitro (Fig. 2 ).

Effe c ts  o f m o le cu le  expre s s ion s  o n  m o u s e  s p le no cy te s

Mediators of Inflammation · Vol 9 · 2000 71

FIG. 1. Influence of epinastine hydrochloride (EP) on in vitro proliferative response of splenic lymphocytes. BALB/c mice were
immunized by intraperitoneal injection with 8.0 m g haemocyanin absorbed to 4.0 mg aluminium hydroxide in a volume of
0.5 ml. Spleen cells (1 ´ 105 cells/0.1 ml) prepared from mice 10 days later were cultured in the presence of various
concentrations of EP for 48 h, which were stimulated with specific antigen (A). Splenic T cells (2 ´ 105 cells/0.1 ml) were also
cultured with immobilized anti-CD3« monoclonal antibody in the presence of various concentrations of EP for 48 h (B). These
cells were pulsed with 1.0 m Ci 3H-thymidine for the last 8 h of culture. The results were expressed as the mean±SD of five
individual mice. NC: non-stimulated control. *P<0.01, significantly different as compared with no agent.



Influence of DSCG on the response of
splenocytes to antigenic stimulation

Since many kinds of anti-allergic  agents are used
clinically, the re sults de sc ribed above  leave open the
questions of w hethe r the se anti-alle rgic  agents have
similar suppre ssive effe cts  on cell functions  to those
observed in EP. There fore , we  chose  DSCG, one of the
best-know n anti-allergic  agents, and ex amined
w hether it also has inhibitory effects on cell func-
tions, such as prolife ration and co-stimulatory mole-
cule ex press ion, induced by in vitro antigenic stim-
ulation. As in the  case of EP, DSCG ex erted
suppressive e ffec ts on antigen-induced, but not anti-
CD3-mediated, proliferative  responses of splenocyte s

(Fig. 3A and B), w hen the cells w ere  cultured in the
presence of 2 ´ 10– 4 M DSCG. Flow  cytometric
analysis also re vealed the  suppressive  activity of
DSCG on the ex pression of co-stimulatory molecules,
CD40 and CD80, w hich are  enhanced by antigenic
stimulation in vitro (Fig. 4 )

Discussion

Asthma and atopic  allergy are charac te rized by
infiltration of the  bronchial and nasal mucosa w ith
large numbers  of activated eosinophils and mast c ells
and the pre sence  of e levated concentrations of
chemical mediators as  w ell as  granule-derived basic
prote ins.2,3 The acute  symptoms of allergy and asthma
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FIG. 2. Influence of epinastine hydrochloride (EP) on co-stimulatory molecule expression on spleen cells induced by antigenic
stimulation. Spleen cells (1 ´ 106 cells/ml) prepared from five individual mice 10 days after immunization were cultured with
or without 2 ´ 10– 4 M EP for 24 h. The expression was analyzed by flow cytometer: (____) cultured without antigen; (_ _ _ _)
cultured with antigen; (_ · _ · _) cultured with antigen and EP.

FIG. 3. Influence of disodium cromoglycate (DSCG) on proliferative response of lymphocytes in vitro. BALB/c mice were
immunized by intraperitoneal injection with 8.0 m g haemocyanin absorbed to 4.0 mg aluminium hydroxide in a volume of
0.5 ml. Spleen cells (1 ´ 105 cells/0.1 ml) prepared from mice 10 days later were cultured in the presence of various
concentrations of DSCG for 48 h, which were stimulated with specific antigen (A). Splenic T cells were also cultured with
immorbilized anti-CD3« monoclonal antibody in the presence of various concentrations of DSCG for 48 h (B). These cells were
pulsed with 1.0 m Ci 3H-thymidine for the last 8 h of culture. The results were expressed as the mean±SD of five individual mice.
NC: non-stimulated control. *P<0.05, significantly different as compared with no agent.



such as  sneezing, bronchospasm and hive s are
believed to be  largely the  results of mediator re le ase
from mast cells and basophils ,2,3 w hereas chronic
symptoms, the  re sult of allergic  inflammation, can be
ex plained on the basis  of eosinophil-mediated tissue
damage.2,3 ,1 6 Based on these  e stablished ideas , the
tre atment of alle rgic  disease s still focuse s on the
inhibition of mediator re lease  or on blocking the
binding of soluble  mediators to their receptors.
However, additional evidence clearly show s that T
ce lls  play a central role in the  driving and main-
te nance of all these  processes by elaboration of
several type s of cytokine s.2,3,1 6,1 7 There is now  also
circumstantial e vidence that the CD28/B7 co-stim-
ulatory is c ritical in T ce ll activation, proliferation and
cytokine production.4 –7 ,18 Ye t the  action of anti-
alle rgic  agents on the co-stimulatory pathw ay is
poorly understood. To ex amine  the influence of anti-
alle rgic  agents  in the co-stimulatory pathw ay, it was
first te ste d on the  re sponse of lymphocyte s to in  v itro
antigenic  stimulation by ex amining DNA synthe tic
activity. The  present results (Figs 1A and 3A) clearly
show  the inhibitory effect of EP and DSCG on DNA
synthetic activity (proliferation ) of sens itized spleen
ce lls  in response  to in vitro stimulation w ith specific
antigen. How eve r, EP and DSCG could not inhibit
DNA synthe tic activity of sensitized splenic  T cells by
anti-CD3 stimulation (Figs 1B and 3B), suggesting that
inhibition of the prolife rative  response s of sens itized
spleen ce lls  by specific antigen is not due  to cytotox ic
action of the agents to splenic  T ce lls . It is  reported
that anti-alle rgic  agents did not inte rfere  w ith the
ability of APC to process antigens .19 The present
results , therefore , may suggest that EP and DSCG
inhibit proliferation of sensitized spleen ce lls induced
by antigenic  stimulation through the suppress ion of
signal transmission required for DNA synthe sis.

T and B cells play a c ritical role  in the  pathogene sis
of allergic  dise ases. Ac tivation of re sting lymphocytes
requires the engagement of the T cell receptor w ith a

peptide /MHC as w ell as the engagement of appro-
priate  co-stimulatory molecules .4 –7 In particular, sig-
nals through the CD28/CTLA-4 co-stimulatory path-
w ay are essential for primary activation of antigen
specific T ce lls .20 It is  reported that CTLA-4 immuno-
globuline fusion protein (CTLA-4Ig ), a blocker of
CD28/B7 co-stimulation, could block allergen-
induced proliferation and cytokine production of
peripheral blood mononuclear cells from atopic
donors, w hen the cells we re  cultured in  v itro in the
presence of CTLA-4Ig.18 In addition to the  CD28/
CTLA-4 co-stimulatory signals , CD40 ligand (CD40L)
w as also re ported to play an important role  in the
inte rac tion betw een he lpe r T cells and APC.21 ,2 2 The
CD40L–CD40 inte rac tion can upre gulate the ex pres-
sion of B7 molecule s on APC, w hich are  essential for
he lper T cell ac tivation, and enhances T cell pro-
liferative  responses.23,24 There fore , we  ex amined
w hether EP and DSCG suppress the ex pression of co-
stimulatory molecules , CD40, CD80 and CD86, on
sensitized B lymphocytes, induced by in vitro stimula-
tion w ith specific antigen and re sulted in inhibition of
in vitro T ce ll prolife rative responses. The present
results  clearly show  that EP and DSCG could suppre ss
the ex press ion of co-stimulatory molecule s, CD40 and
CD80 but not CD86, on sensitized B cells  w hich w ere
enhanced by in v itro stimulation w ith antigen (Figs. 2
and 4). Prophylactic  treatment of the patients w ith
anti-alle rgic  agents is recognized to prevent the
development of the diseases  by inhibition of IgE
hyper-production,9,25 but the mechanisms are  not
w ell defined. Induction of IgE synthesis from B ce lls
requires tw o distinc t signals . The first signal is
delive red by IL-4 and the  se cond is provided by T–B
ce ll contac t through the  ligation of CD40 and
CD40L.9,1 0 Togethe r w ith the  present re sults, it may
be speculated that anti-allergic  agents  ex erted inhibi-
tory e ffec ts on the development of the  dise ases
through the  suppression of CD40 ex pression, w hen
agents w ere  administered prophylactically.

Effe c ts  o f m o le cu le  expre s s ion s  o n  m o u s e  s p le no cy te s
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FIG. 4. Influence of disodium cromoglycate (DSCG) on co-stimulatory molecule expression on spleen cells induced by antigenic
stimulation. Spleen cells (1 ´ 106 cells/ml) prepared from five individual mice 10 days after immunization were cultured with
or without 2 ´ 10– 4 M of DSCG for 24 h. The expression was analyzed by flow cytometer: (____) cultured without antigen; (_ _
_ _) cultured with antigen; (_ · _ · _) cultured with antigen and DSCG.



Recent reports  have ex amined the  co-stimulatory
dependence  of allergen-specific  human T cells, and
the role of the se CD28 and CD80 in animal models
of alle rgic  inflammation. De Boer e t a l. show ed that
CD80 could ac t as  a co-stimulator molecule for Th2
type  cytokine , IL-4 and IL-5, productions from
human peripheral blood T cells activated by mAb
directed at T cell re ceptor.26 It is also reported that
CD80 blockade pre vents antigen spec ific  prolifer-
ative responses of T ce lls  from atopic  de rmatitis
against Derm a to pha go ide s  fa rina e .27 In murine
mode ls for inflammatory disease s, blockade of CD80
is re ported to ameliorate  the dise ases.2 8 With regard
to the influence  of CD80 on effe ctor cell (e.g.
eosinophil) functions, Tsuyuki e t a l. showed that
intranasal administration of anti-CD80 mAb inhibited
eosinophil accumulation in lungs and airw ay trac ts,
but w as le ss effe ctive in inhibiting pe ripheral blood
eosinophilia induced by aerosol provocation of aller-
gen.2 9 CD80 blockade  w as  also reported to be  able
to prevent eosinophil influx  into lungs and airw ay
tracts  w hen the mice w ere  injec te d w ith anti-CD80
mAb during the ae rosol challenge.3 0 These sup-
pressive effects of CD80 may be ow ing to its
inhibitory action on adhesion molecule  ex pre ssions,
since CD80 blockade  is  reported to prevent acquisi-
tion by lymphocytes including eosinophils  of the
adhesion molecule s involved in re circulation
through tissue, and upregulation of their ligands
such as  ICAM-1 on endothelium.31 Judging from
these  reports , the present re sults show ing the  sup-
pressive e ffec t of anti-alle rgic  agents on CD80, but
not CD86, ex pre ssion suggest that anti-allergic
agents, especially EP and DSCG, are e ffec tive in the
prevention of alle rgic  inflammatory responses in
lungs and airw ay trac ts.

Pharmacologic al studies  re vealed that EP and
DSCG prevent calcium cation influx  into immune
ce lls,14 ,32 re sulting in reduced permeability of ce ll
membrane  and inhibition of ex pression of proteins
synthesized in the cytosol. It is  also re ported that
anti-alle rgic  agents including EP and DSCG incre ase
intrace llular cyclic adenosine monophosphate
(cAMP) level by inhibiting adenylate cyclase  ac tiv-
ity.14 ,3 3 Elevation of intrace llular cAMP level e labo-
rates an important dow n-regulatory signal in the
re lease  of prote ins synthe sized in the  cytosol.3 4,3 5

From these  reports, it is poss ible  that EP and DSCG
cause pre vention of the  ac cumulation of calcium
cation in the cytosol and enhance intracellular
cAMP leve l re sulting in inhibition of CD molecule
ex pre ssions. Although the present data add novel
information about the beneficial effects of anti-
alle rgic  agents on the diseases , the  precise  mecha-
nism(s ) by w hich the  agents  inhibit co-stimulatory
molecule ex pressions is  not yet fully unde rstood.
Furthe r ex periments are needed to clarify this
point.
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