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The manipul ation of an immune response is one of the most important prob­
lems in the field of jmmunology and many attempts to suppress the immune re­
sponse to a given antj gen have be en made. We also have tried experj me nt s on 
the specific or se l ec tive immuno suppression by the use of o il droplets con­
taining an antige n together with an immunosuppressant as reported previous ly 
( 1) . Our working hypoth esis is as follows: Th e antigen-recogni zing ce ll s 
which , bear receptors for an antigen would be exposed to injurious action of 
an immunosuppressive drug, if the ant igen could carry the drug with itself 
at the s tage of antigen recognition. Consequently, the subsequent immunolog­
ic ce ll to ce ll cooperation would not be stimul ated and poor anti body forma­
tion to the antigen could be expected. 'fh e method and some experimenta 1 
bas es for the hypothesis are briefly described in the present paper. 

MATERIALS AND METHODS 

Th e preparation of the suspension of oi l droplets incorporating antigen 
and/or immunosuppressant was carried out as reported previously (1). One 
tenth milliliter of PBS containing both anti ge n and immunosuppressant or co n­
taining antigen alone a t the desired co ncentration was added to 0,5 ml of the 
oil mixture consisting of 85 ml of sesame oil, 15 ml of Span 85 and 4 g of 
aluminum monostearate. The mixture was sonicated at'20KHz in i ce wat er until 
a wat er- in-oil emulsion was obtained . To the emulsion, 1.4 ml of 2% Tween 80 
in PBS was added dropwise, with constant sonication at 20KHz in ice water. The 
sonication was continued until a homogeneous suspension of oil droplets, water­
in-oil-in-water , was obtained. It was confirmed microscopi ca lly that the re­
sulting oil dropl ets enclosed sma ller vesicles containing the antigen or anti­
gen-immunosuppressant . In the paper, oil dropl et s containing, for example, BSA 
and dex amethasone phosphate (DMP) will be abbrev iat ed to BSA+DMP droplets. 

A 0.2 ml s8111ple of the suspens i on of oi I dropl ets was inj ec ted into an 
Fl hybrid mouse of DDD X Balb/c. At appropri ate intervals af t er the intraperi­
toneal injection, mice were bled from the tail vein, and all sera were assayed 
individually by passive hemagglutination using mouse red blood ce lls coated with 
the indicated antigen. All antibody titers were represent ed as the mea ns of n 
values in 1:10 x 2n for five mic e. 

RESULTS 

1. The selection suppression of antibody response to human IgG (HGG) 
or bovine serum albumin (BSA): The oil droplets containing HGG (10 ~g/mouse) 
together with dexamethasone phosphat e (OMP, I mg/mou se) were intraperitoneally 
injected into mice simultaneously with the droplet s containing BSA (200 ~g/ 
mous e) alone. The mice showed only a s light antibody response to HGG, but the 

228 



44, 1&2 Matuhasi et al: Antigen Suppression of Antibody Response 229 

norma l response to BSA. Reversely, DMP coexisti ng with BSA in the same drop­
let s depressed only the antibody response to BSA without affecting the re­
sponse to IIGG. l~ ese findings indicate that DMP coexisting with HGG or BSA 
in the s ame oil droplets se lect ive ly suppresses the response to HGG or BSA 
( I, 2). 

DMP, however, failed to cause any suppression of antibody response to 
lipopolysaccharide (LPS) from E. coli, a thymus independent antigen. 

2 . Th e se lective suppresslon-or-antibody response to lipopolysaccharide 
from E. co l i (ELPS) or LPS from Pseudomonas aeruginosa (PLPS): The oil drop­
l ets containing ELPS (0.1 wg/mous e) together with Daunorubi ci n (DR, 0.2 mg/ 
mous e) were injected I.P. into mi ce simultan eouil y with the droplets contain­
ing PLPS (O.l wg/mou se) alone. The mice s howed a significantly reduced an­
tibody titer and a decrea sed number of hemolytic plaques against ELPS, but 
tile a lmost norma l response again s t PLPS. Reversely, the mice receiving 
PLPS+DR droplets plus ELPS droplets showed a depressed anti-PLPS response but 
a norma l anti-ELPS respOllse (3). 

3. Suppressive effect of DMP on the antibody response to MON or POL co­
existing with DMP in the same oil droplets: Since HGG and BSA have been re­
garded as T cell dependent antigens (4) and ELPS and PLPS as T cell independ­
ent antigens (5), we have assumed tha t DMP suppres ses only T cell dependent 
antibody re spo nse and DR suppresses T cell independent antibody response in 
our experimental sys tem. To verify this assumption, we performed the follow­
ing series of ex periment s usi ng f l age llin monomer (MON) and polymer (POL) from 
Sa lmonel l a adelaide as antigen. 

Four groups of five mice eac h were given MON (25 wg/mouse) droplets, MON+ 
DMP dropl et$ and MON+DR droplet s , r espective ly. As shown in Figures la, Ib, 
the antibodies on day 5 were 2-ME sensitive and those after day 10 were com­
posed of both 2-ME sensitive and resistant antibodies in the mice given MON 
droplets. The mice injected with MON+DR droplets exhibited a similar anti­
MON antibody response to that in control mice given MON droplets, but the mice 
give n MON+DMP droplet s showed a significantly reduced anti-MON response. 

Similar experiments were performed us ing 10 Wg of POL per mouse instead 
of MON. The patterns of anti-POL responses in these mice were represented in 
Figure s lc, ld. Again, DR did not affect the anti-POL response even though it 
coexists with POL in the same oil droplets, but DMP suppressed the anti-POL 
response . Th e reduction of anti-POL antibody formation, however, was not so 
r~markable as that of anti-MON antibody formation. When antibody titratjon 
was carried out with 2-ME treated sera, a ll these anti-POL responses were found 
to consist on l y of IgM response on day 5 and mostly of IgG r esponse after day 
15. Since the suppression by DMP was remarkable after day 15, we considered 
tha t DMP suppresses an t i-POL IgG response mainly. 

It is evident from another experimellt in our laboratory (6) that anti-POL 
response in normal mice is induced through T ce ll dependent pathw~y in addi­
tion to T ce ll independent pathway a nd that anti-POI, TgG response i s T cell 
dependent. Therefore, we may conclude that DMP suppresses T cell dependent 
anti-POL response in the experimental system. 
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Fig. 1. The antibody response to MON ( 25 f g; a: 2-ME untreated, 
b: 2-ME treated) or to POL ( 10 ~g; c: 2-ME untreated, d: 2-ME 

treated) in the mice receiving the following antigens: 

1976 

0--0 : MON droplets or POL droplets; v-v: MON+DR droplets 
or POL+DR droplets; ,-- 1: MON+DMP droplets or POL+DMP droplets. 

Serum antibody titers are represented as the mean values of n in 

1 : 10 x 2n for each group of 5 mice. 
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4 . Suppressive effect of DMP on the I gE a ntibody re spo nse to DMP­
KLH coexis ting with DMP in the sa me oi l dropl et s: As we have fou nd that 
the immun ization wi th an antigen i n the form of w/o/w can induce I gE an­
t ibody response i n mice , we carried out the fo ll owing experiments in 
hopes to suppress.an I gE anti body production specifi ca lly . 

Four groups of five mice each were given DNP-KLH (10 ~g/mouse) drop­
l et s plus PBS droplets, DNP-KLH+DMP (1 mg/mouse) droplets, DNP-KLH drop­
l ets plus DMP droplets and DNP-KLH so lution, respectively. Th e anti-DNP 
ant ibodies detectable by PCA, 2-ME-sensitive a nd resistant, were produced 
a lmost equal l y i n a ll mi ce excep t the group receiving free so lution of 
DNP-KLH. The ant i body det ected by ra t PCA, pre s umably of th e I gE c l ass 
(7), wa s significantl y reduced i n t i t er in th e mice r eceivi ng DMP-KLH+DMP 
dropl ets, as shown i n Tab l e 1 . Th e di screpancy between the suppression 
of Ig~ or IgG c l ass ant i body and that of IgE c l ass is now und er i nves t i­
gation, a lth ough i t was shown by our experiment s (2) that th e production 
of an IgM or IgG c l ass antibod y against a hap t en was hardl y suppressed as 
far as DMP wa s used as an i mmunosuppressant. 

DISCUSSION AND CONCLUSION 

It wa s shown that the unrespons iveness to a given antigen can be i n­
duced by our method (2). For instance, th e mi ce r eceiving BSA+DMP drop­
l ets p lus HGG droplets were injected wi th BSA drop l et s plus HGG dropl et s 
plus SRBC (as a new ant igen) on days 1 , 5 , and 7 after the priming, the 
antjbody response to BSA was significantly r educed comparing with those of 
the control groups receiving BSA droplets plus HGG dropl et s or none , while 
the antibody to HGG or SRBC was produced i n a ll the group s as expected. 

Although we could not yet obtain the defi ni te ev.idenc e to verify the 
hypot hesis, it appears tha t one of the ways t o achieve th e se l ective i m­
muno suppression to a given antige n was demon s tra t ed. At thi s moment, we 
have not yet succeeded in the suppressio n of antibody being produced. It 
can be achieved by finding appropria t e immunosuppressants, by u s ing two or 
mor e drugs in combination or by c l arifying the s t age of sequence of cell­
cell cooperation aff ec t ed by various i mmuno suppressants. All these works 
are now und er i nves ti gation. 
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