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Abstract:

The validity of the heterologous (rat) passive cutaneous anaphylaxis (PCA) test to assess mouse IgE
responses was confirmed by comparing the 72 hr homologous PCA test with the 24 hr heterologous
PCA test, and by the diminution in titer when undiluted serum was heated at 56°C for 90 min. Earlier
work, showing that dilution of the serum prior to heating abrogated the effect of heating on the skin
sensitizing activity of IgE, was confirmed. Treatment with an anti-helminthic agent improved the
homologous, 72 hr PCA reactions in certain mice probably due to a decline In endogenous anti-worm
IgE levels as a result of the elimination of pinworms.- Neonatally initiated anti-p treatment suppressed
subsequent IgE responses to Infection with N. brasiliensis showing that IgE forming cells are derived
from the same precursors I cell(s) as are IgM, IgG and IgA forming cells.

The induction and regulation of IgE responses in Balb/c mice were studied, using the 24 hr
heterologous PCA test. Immunization with one intraperitonea 1 (IP) injection of either 1 u, 10 pg, 100
pg or 1000 pg doses of ovalbumin (OVA), each with 1 mg alum, Induced high PCA and passive
hemagglutination (PHA) antibody titers that persisted for at least 56 days. At 100 pg and 1000 pg
doses, a lag in the peak IgE response was seen. When B . pertussis vaccine was used instead of alum, a
PHA antibody was Induced but IgE antibody could not be detected. Immunization by one IP injection
of DNPn c-OVA + I mg alum Induced a transient anti-DNP IgE response anda persistent anti-OVA IgE
response. In contrast, Immunization with DNPgif-OVA induced a persistent anti-DNP IgE response but
no ant [-OVA IgE could be detected. Immunization with multiple, IP injections of normal rabbit serum
and OVA, without adjuvant, Induced an IgE antibody response.

When mice, primed with one IP Injection of 10pg OVA + I mg alum, were given 3, intravenous
injections of 100 ug OVA on days 3, 5, and 7 their PCA antibody titers and the number of IgE forming
cells In the spleen declined to undetectable levels by day 16, whereas their PHA antibody titers did not
change. Secondary IgE responses were also suppressed by this treatment. The route of administration
of this treatment was shown to be an important factor In producing this effect. This suppression could
be transferred to normal animals by spleen cells from suppressed animals, suggesting that this
treatment Induced suppressor cells.
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ABSTRACT

The validity of the heterologous (rat) passive cutaneous ana-
- phylaxis (PCA) test to assess mouse IgE responses was confirmed by
cemparing the 72 hr homologous PCA test with the 24 hr heterologous
PCA test, and by the diminution in titer when undiluted serum was
heated at 56°C for 90 min, Earlier work, showing that dilution of
the serum prior to heating abrogated the effect of heating on the
skin sensitizing activity of IgE, was confirmed, Treatment with
an anti-helminthic agent improved the homologous,; 72 hr PCA reac-
tions in certain mice probably due to & decline in endogenous an--
ti-worm 1gE levels as a result of the elimination of pinworms,:

Neonatally Initiated anti-p treastment suppressed subsequent
IgE responses to infection with N, brasiliensis showing that IgE
forming cells are derived from the same preCursora! cell(s) as are
IgM, 1gG and IgA forming cells,

The induction and regulation of IgE responses in Baib/c mice
were studied, using the 24 hr heterologous PCA test. Immunization
with one intraperitoneal (IP) injection of either 1| ug, 10 ug,

100 ug or 1000 ug doses of ovalbumin (OVA), each with ! mg alum,
induced high PCA and passive hemagglutination (PHA) antibody ti-
ters that persisted for at least 56 days. At 100 ug and 1000 ug
doses, a lag in the peak IgE response was seen., When B, pertussis
vaccine was used instead of alum, a PHA antibody was tnduced but
IgE antibody could not be detected., Immunization by one iP injec-
tion of DNPg c=OVA + 1| mg alum Induced a transient anti-DNP igE
response an °g persistent anti-OVA IgE response. 1In contrast,
immunization with DNP24-0VA induced a persistent anti-DNP IgE re-
sponse but no ant!i-0VA IgE could be detected. {(mmunization with
multiple, IP injectlons of normal rabbit serum and OVA, wﬁthOut
adjuvant, induced an IgE antibody response,

Hhen mice, primed with one iP injection of 10 ug OVA + 1 mg
alum, were given 3, intravenous injections of 100 ug OVA on days -
3, 5, and 7 their PCA antibody titers and the number of IgE forming
cells in the spleen declined to undetectable levels by day 16, ‘
whereas their PHA antibody tliters did not change. Secondary igE
respongses were also suppressed by thig treatment., The route of
administration of this treatment was shown to be an important fac-
tor in producing this effect. This suppression could be transferred
to normal animals by spleen cells from suppressed anlmals, suggest~
ing that this treatment induced suppressor cells,




INTRODUCT 10N

In humans, the *'skin sensitizing factor' present in the serum:’
of hay fever patients has been clearly identified as belonging to

a distinct immunoglobulin class, designated as IgE for its ability

to bind purified ragweed antigen (antigen E) in radioimmunoeiectrc-

phoresis (1), Other names for this antibody Include: reagin, homo-

cytotropic antibody, and P-K antibody.

IgE differs from other known immunogicbulins in physicochemical,

antigenic and biological properties, 1t contains 12% carbohydrate,
has a sedimentation coefficient of 8.0S and a molecular weight of
approximately 190,000, It is present in serum at much lower concen-

trations than other immunoglobulins, with an average concentration

of 0.3 ug/ml, Elevated serum levels are preéent in individuals who .

are atopic or infected with worms. Epsilon heavy chains have unique
antigenic determinants and do not possess any of the major antigenié
determinants present in the other four known immunoglobulin classes
M. |

The most distinctive property of igE Is its ability to bind to
mast cells for up to several weeks at least, with the refease of
histamine and other pharmacologically active substances from these
cells upon interaction of the cell bound IgE with antigen (I,‘Z);
" This property is the basis. for mosf of the.agsays for this antibody

in animals and; until recently, in humans. The effects of histamine




and other pharmacoliogicalily active substances are the cause of tﬁé
symptoms experienced by allergic individuals, This cell binding
activity can be destroyed by heating at 56°C for 2-L4 hours (1, 2),.
The dog is the only other species in which spontaneous aller-
gic symptoms similar to those found in hay fever patients have been
observed. A skin sensitizing factor similar to human IgE has been
detected in serum from these animals (3), However, heat labile,
hemocytotropic antibodies which remain bound to skin mast cells for
long periods of time (i.e., 72 hours) can be Jellberate?y induced
in many species and are considered the animal counterpart to human
tgé (1, 2, 4). These antibodies have been detected in many other
mammails including monkeys, dogs, mice, rats, rabbits, cattle, sheep,
pigs and guinea pigs (4), and in a marsuplail, the quokka (5). The
physicéchemical properties of these homocytotropic antibodies are
similar to human IgE (1, 2, 4) and in some cases, cross-react im- -
munologiéa!ly with anti-human I1gE (6, 7).

‘The deliberate induction of IgE (contrasted with the "atopic"
condition) reduire§ a suitable combination of antigen, dﬁse of an-
tigen, adjuvant, immunization scheaule and specles (4), It is gen-
erally.agreed that for most antigens some adjuvant is required for
IgE induction, Adjuv#nts commonly used to fnduce IgE responses are

aluminum hydroxide gel (alum) and vaccines or sqluble extracts of
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Bordetella pertussis (4). Bacterial ilpopolysaccharides (LPS) (&)

and concanavalin A (con A) (8) have also been used, as well as

Freund’s complete édjuvaﬁt, but the latter is. not considered a good

adjuvant for IgE (&), Experiméntéﬂ observations on the various ad-
juvant-speﬁies ihteractlons suggest that the mechanisms regulating
{gE productﬁbn may differ both for speciés and for a&juvant (h),
One apparent exception to this requiremeﬁf for adjuvani fs the
induction of anti-helminthic igE, Some lnves;igators believe that
live worm Infection may provide adjuvant action becauée worm ex-
tracts, by themselves, cannot induce the IgE response (4&). Another
possible exception is the Inductlion of Bgﬁ'antibddies to heterolo-
. gous serum by immunization with one intraper!toneal.(lP) injection
of hetefologoué_serum'in the form of anti-lymphocyte serum (9).
Experﬂmentallevfdence has firmly estabﬂishéd that collaboration
between bone-marrow derived (B) and thymus-dérived (T) lymphocytés

is required for the induction of certain antibody responses (10).

The importance of a third cell type, the macrophage, has’aisé been

recognized (i11). Several lines of evidence demonstrate that slmilér
~cellular events are also necessary for IgE production as oQtﬂﬁned
.belcw. |

1) Using.hapten-carrief syétems,‘it'has been shown that:T cells are
prime& with carrier and then interact with B cells to form hapten=-

specific lgE in both adoptive transfer experiments (12-15) and in




_vitro experiments (16),

R R

2) Rats thymectomized within 24 hours of birth cannot produce IgE
antibodies (17).

3) Lethally irradiated rats reconstituted with thymus and bone mar-

row cells produce a low level of IgE whereas 'those receiving bone

marrow alone do nof (18).

L) Congenitally athfmic (nu/nu) mice cannot produce detectable lev-
els of I1gE to ovalbumin unless feconstituted with thymocytes (19)'0r
thymus glands (20).

Some investiéators héve suggested a héterogenous popuiation of
helper T cells; one specific for IgE and one specific for igG (16).
Others suggest one population of hélper T cells for both immunoglobu~
1in classes with a differential susceptibility to T cell regulatory
influences of the respective classes of antibody forming B cells
(21). More recently a critical role for. adherent cells in the in-
duction of helper T cells for IgE production has been shown (22).

Two different pattern;‘of igE antibody producfion-have been
recognized. One is transient, non-boostable and usually the résult
of immunization with a high doée of antigen. This pattern has been
shown In several species (4). The other is sustained for relatively
long periods of time and boostasle. This battérn is characteristic

of IgE production to pollen antigens in humans with hay fever (23),




to helminth antigens as a result of parasite infection (24), and in

mice immunized with a low dose of antlgen adsorbed to alum (25).
Interest in the‘management of clinical allergy has‘prompted

studies of regulatory mechanlsms in IgE antibody forﬁatlon.: in ln-

dlviduals wnth hay fever, it has been shown that serum IgE antnbody

titers perslst and' are enhanced after contact with antigen during

hay fever season (23). Hyposensitization treatment of allergy con-
- sists of multiple injections of minute doses of allergen over long ::

periods of time. As a result of this treatment IgG antlbody levels,.

are |ncreased and secondary IgE tlters are eventually suppressed,

it was thought that this treatment‘lnduced a blocking antibody, pre~ .-

sumably tgG, that competed with IgE for binding of allergen. How-
ever, analysis of titers of blocking antlbody in certaln treated pa-
tients failed to support this hypothesis (23). This evidence cou~
pled with the fact that 1gG is not present in very great quantities
in resplratory‘secretlons, the site where they would be most effec-
tlve.ln competing for antigen, suggested that an increase ln'block-
lng antlbody may not be responslble for the effect of hyposensltlza-
tion on clinical symptoms° An alternative hypothesis was suggested
.namely, that a.change in the memory cell populatlon, partlcularly
inT cells, occurred wlth‘the subsequent suppresslon of the secon-

dary.IgE response (23).




" The transiént péttern of IgE’antlbody fofﬁatfon.ﬁn certafn I;bo;
ratory animals provided one means of studying the suppression of
this class of antibody. Using the rat as an‘experimental animal and
a unique Immunizatlon schedule to lnduce IgE, the terminating event |
in the transient pattern of response was shown to involve regulation
at the T cell Ievel In this model, IgE responses to a dinitrophenyl

conjugate of Ascaris suum extract (DNP-Asc) were induced by a high

dose of DNP-Asc (1 mg) injected with a B. pertussis vaccine via the
footpads, on day 0, followed by an intramuscular injection of 0.5 mg
of DNP-Asc on day 5 (26). IgE titers peaked by day 14 and then de-
clined by day 21, The lines of evidence for the regulation of IgE
by T cells in this sy?tem include enhancement and maintenance of
high IgE‘levels beyond déy 21 bf anti thymocyte seruﬁ (ATS) (27);
adult thymectomy (17), splenectomy (17) and x-irrgdiatton.(28). in
addition, It was shown tha; the IgE responses prolonged by these

means could be suppressed'by transfer‘of splenocytes or thympcyté;_

from animals hyperimmuniied with carrier antigen (29)3 Other classes -

of antibody were not similarly affected by these treatments,
Suppression of ‘1gE production By passive administration of an-

tigen specific 1g6G antibody has aiso been'demonstratéd in the rat.

(26) and in the rabbit (30). ‘It is interesting to note that iﬁ the

rabbit, passive administration of antigen-specific IgM antfbody eQQ




hanced IgE form#tioh (31).

A somewhat different experimental mode! for 1gE responses exists
in the mouse, When mice are immunized with a low dose of antigen in
combinat!oﬁ with alum they give a high and persistent I1gE response
(25). This model most closely resembles the pattern of IgE produc-'
tion in hay fever patients. Several examples of reguiation of IgE
antibody formation In this model have been demonstrated,

" The ability of mice to form IgE antibody, as well as 1gG anti-~-
body, to low doses of antigen (0.1 ug-! ug) in aium appears to be
under genetic control, dependent on H-2 type (32) and comparabie to
the type of immune response regulation observed with the synthetic,
branched polypeptfdes (TG)-AL and (HG)-AL (33). Strain differences
to higher doses 6f antigen {100 ug) were not as apparent (32). When
hapten-protein cgnjugates were used, this strain difference was shown
to be related to carrier protein, suggesting that the geﬁetlc control
occurred at the T cell ievel (32). Another type of genetic control,
unrelated to H-2 type and specific for IgE has been observed (32,
34). Thus, the SJL.straln of mouse produces high titers of ng an-
tibody against many dlfférent antigens but low levels of IgE, even
with high doses of antigen. The lgE'fiters of these mlce'can-be en-
hanced by using Con A as adjuvant Ingtead'of alum (35). Additional-

ly, it has been shown that the low reagin production is due to the '




§ R R |, W /S

8

presence of non-specific suppressor T cells (36).

Anotﬁer means of regulating IgE antibody in the mouse system
is by amount of antigen, Whereas‘ﬁcw doses of alum-adsorbed anti-
gen induce a persistent response, high doses of alum-adsorbed an-

tigen induce a transient response (25). Another type of regulation.

has been observed in mice immunized with a low dose of alum-adsorbed

antigen, Maia et al. (37) reported the selective depression of IgE
antibody formation to ovalbumin in DBA/!J mice, If, after being im=-
munized with an optimal dose of ovalbumin (0.1 ug-1.0 ug) and alum,
(1P), mice were given intravenous (1V) injections of 100 ug of solu=~
ble ovalbumin on days 3, 5, 7, their reaginic response was near nor-
mal on days 8, 9, 10 but had declined by day 16, Control animals
continued to make reaginic antlbody; The 196G fesponse, as measured.:
by the 2 hour homologous PCA test, was not affected. This protocol
is similar to hyposensitizatﬁon therapy In hay fever patients. Tada
(&) has‘suggthe& that this phencmenon may represent an example of
tolerance in IgE forming B ceiis, Bach and Brashier (38), reporting
a éimilar pﬁencmenon produced by muitiple IV injections of acety- '

lated ovalalbumin, speculate that their system may represent the for-

mation of suppressor T cells.. More recently it has been demonstrated

that this type of suppression can be transferred to normal animals -
via splenic T lymphocytes (39). 1In addition, it was subsequently

shown that these suppressor celis could be generated in vitroAdniy




9
if adherent cells were absent from the culture (22).
STATEMENT OF THESIS

The purpose of this study was to examine the regulation of IgE
antibody production in mice and to relate this to cellular events. :
The study was focused primarily on the Balb/c strain in order to
avoid the compiications arising from strain differences in reguia-
tion of I1gE synthesis,

The experimental approach consisted of:

1) An examination Qf the relationship of IgE=producing cells
to other classes of antibody-producing cells by testing the effect
of neonatally initiated #nti-u on subséquent IgE,antibody'responses;

2) A comparison of the various ways in which !gE responses
_can be induced and regulated,

3) An aftémpt‘to elucidate the mechanism(s) responsibie for
the selective suppression of 1gE responses by three intravenéus in-

jections of high doses of soluble antigen,




Antigens

MATERIALS AND METHODS

Animals

Balb/c mice were raised in our owﬁ laboratory facilities,
C3H/HeJ mice were ébtained.from Jackson Laborétories, Ba; Harbor,
Maine, ACR mice were obtained from the Research Animals Resources
Center, University of Wisconsiﬁ, Madison, CF, mice were purchased
from Carworth Farms, Portage, Michigan,

Outbred leino rats were purchased from ARS Spragﬁe-Dawléy or

Holtzman, Co., Madison, Wisconsin,

The following antigens were cbtained from Calbiochem (San

Diego, California): Ovalbumin, (OVA) 5X crystallized, Yot #387039 .?
and the following dinitrophenylated (DNP-) proteins: DNP-ova]bumin.'
(DNPoy,-OVA) , DNP-bovine serum albumin (DNP3g-BSA), DNP-Keyhole lim-

pet hemocyanin (DNPg7o-KLH). Subscripts refer to the average num-

ber of groups per molecule of protein. In the case of. KLH, this
was based on a molecular weight of 2 x-106, -

Other antiégns and their commercial sourées are: npfmal rab-
bit serum (NRS), Colorado Se;um Co.; ovine albumin, Sigma; ovine
gamma globulin; Pentéx.'- |

Ragweed extract was a gift from Dr, E. kau, En&ocrine Labora-

tories, Madison, Wisconsin,
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Nipbostrohgylus brasiliensis antigen was prepared according to

the method of Ogilvie (46).
Lightly dinitrophenylated ovalbumin (DNPg_5-0VA) was prepared
by the method of Eisen (1) as modified by Ishizaka and Okudaira

(42), Briefly, 50 mg'each'of dinitrobenzene sulfonic acid, 2X re-

crystall}zed, and of sodium carbonate were dissolved in 6 ml dis-

tilled water, To this, 100 mg of OVA were added and the mixture
stirred for 3-1/2 hr at room temperatﬁré. Thé resulfing conjugate
was dialyéed against saline, at 4°C for séverai days (changed at
least 5X). The number of DNP groups per molecule of OVA was deter- |

mined spectrophotometrically (43) by measuring absorbance at 36O nm

" for DNP and 280 nm for OVA. The protein concentration was estimated}

by lowering the observed ODygq reading by 38.5% to correct for the

absorption at 280 nm by DNP (&3),

Adjuvants
- Preparation of AB(OH)3 gel (Alum): Fifteen g of alum (pur~

chased from a local drugstore) was dissolved in 180 m! of distilled
water, To this solution, 75 ml of IN NaOH was added dropwise with
continuous mixing. The resulting precipitate was wasﬁed 6-8X with
distilled water, Dry wefght determﬁnat§§n§ were done on the final
solution,

Bordetelila periussis vaccine was purchased from EVi Lilly,
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Co., Indianépol!s, Indiana (control #8AL3IA),

| mmunizations

The standard immunization used to induce a good‘HgE response
was 10 ug OVA mixed with 1 mg.aium given IP on day 0, The OVA was
freshly preﬁared each time, by dissolving & mg OVA in 100 ml saline.
An‘eqqai vojuﬁe of this solution was mixed with an equal volume of
alum (4 mg/ml1), and 0,5 mi of this mixture was injecfgd. For those
experiments in which a different antigen was used or the amount‘of’
antigen varied, a similar protocol was followed with éhe appropriate.
adjustments.

in some experiments, animals recelved, in addition to the stan-

dard immunization, three IV injections of antigen without adjuvant

on days 3, 5, 7. In these experiments, the term sensitized is used
‘for those animals receiving the standard immunization; the term sen-
'sitized-desensitized Is used for those receiving the additional

' treatment,

Other immunization protocols are descr!be& in the text,.

Serum collection

At the appropriate times after immunization, bicod was col-
lected from the tail into plastic microcentrifuge tubes to which 1
drop of saline had been added, The ;Iotted blbﬁd was rimmed and

left for several hours or overnight at 4°C. The serum was collect=




i3

ed after centrifugation and stored in 1/4 or 1/2 dram vjaié at
-20°C or -70°C. Serum stored in this manner displayed equivalent
~PCA titers 9 months after collection,
Assays

IgE responses were assayed by the passive cutaneods anaphylaxis
(PCA) test performed, for most experiments, in rats (hh, 45), For
éach serum, or serum,péoi; a 0,10 mi aliguot of each of a series of
twofold dilutions was Injected intradermalily (ID) into the shaved
backs of test rats.- Abproximateiy,ho injeCtiéns per rat were rou-
tinely made. The rats were challenged 2k hr later by-intraveﬁous
injection of 5 mg antigen dissolved in 0,5 ml 1% Evan®s blue, Yhen
assaying for PCA responses agalnst-NRS, the ch@i!enge antigeﬁ con-

sisted of 2 ml of NRS in which 5 mg Evan's blue dye was dissolved,

Similarly, for PCA responses aga!nst'Nippostréngylus antigens, 5 mg :
of Evanis blue dye was dissolved in 1-2 m] of a saline solution con-
téinlng 2,000 worm‘equivaignts,. Thirty minutes after 1V challenée,'
the rats were saériflced and the reactions reaa on the undgrsidg of
the skin, "A positive reacgion was ﬁpdicaﬁed,b& a discrete éirc]e
of blue, " -

For both the ID and IV injections, the rat; were sedated by én‘
intramuscular lnjéction of 0,04-0,06 ml Innoya;-vét (Pitman-Moore

Co.).
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When the PCA test wés‘performed in mice, 0,05 ml of a serum
dilution was injected, ID, into the shaved backs of mice. The mice
were challenged IV, 72 hr later, with 0,2 ml 1% Evan'é blue dye, in
saline, containing 1-2 mg of antigen. Only one ID injection per
mouse was made,

1gE antibody~-producing cells were measured by the heterologous
adoptive cutaneous anaphylaxis (HACA) test (46). This procedure is
similar to the PCA assay except that 0,1 ml'aliquots of the éppro-
priate cell suspensions were Injected into the shaved backs of rats,

Antibodies other fhan those of the igE cléss were assayed by
passive hemagglﬁtinatiOn (PHA) using erythrocytes coated with OVA.
Two different methods for coating erythrocytes were used, In one
method (47), OVA was coupled to guinea pig erythrocytes with carbo-
diimide. To 3 ml of PBS in which 30 mg of OVA was dissolved was B
added 0,05 mi of washed packed guinea plg erythrocytes. To this
was added 50 mg l-ethyi-B (3-dimethylaminopropyl) ~-carbodiimide hy-
drochloride (Sigma) dissolved in 0.5 m! PBS. This mixture was left
at room temperature for | hr with occasional mixing, The cells
were then washed 3X and resuspended in modif}e& Alsevier's solution
(48) to approximately 0.5%. |

In the other method (49), OVA was coupled to sheep erythro-
cytes with chromium chioride (CrCI3). Stock solutions of CrCl3 .

(10 mg/ml in distilied water) and OVA (1 mg/mi in saline) were pre-
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pared, For the coupling procedure, the stock;CrCI3 solution was
diluted 1/20 in saline. To 0,2 ml of'CrC13 solution was added 0.2
mi of OVA solution and 0,2 ml washed packed sheep erythrocytes,

This mixture was left at room temperature for 5 rﬁinutes9 and then

the cells were washed 4X in saline, After the last wash.the packed

cells were diluted 1/60 in modified Alsevier's solution and stored, -

For use in assays a further 1/10 dilution of the cells was made

(Final dilution = 1/600).

PHA titers were determined by microtiter hsing‘plastic VY~-bottcom

microtiter plates, 25 ul diiuting Yoops and 25 ul pipette droppers.
Modified Alsevier's solution was used as a diluent. All titers are
expressed as the reciprocal of the last dilution te give a positive

result,

- Anti=-u treatment

The anti-p antiserum was prepared by Dr. Dean D. Manning, Uni-
versity of Wisconsin, Madison, as described previously (50). With=-
in 14 hr of birth, each of three litters was divided into three

groups, One group in each litter was injected P with 0,05 ml of

anti-g serum, the otheér two receiving an identical injection of NRS -

or phosphate-buffered saline (PBS); further iﬁjections of 0,05,
. 0,07, 0,07, 0,08, and 0.08 ml were made on days 2, &, 6, 8, and 10,

respectively, Thereafter all mice received a 0,10 mi injection of

| 1 )
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PBS or diluted NRS or anti-u serum (both diluted 1:2.5 in PBS)
every Monday, Wednesday, and Friday until termination of the experi-
ment,

Worm infection

At approximately 40 days of age all mice received a subcutane-

ous injection of 300 third-stage (infectious) larvae of a mouse-

- adapted strain of N. brasiliensis (51). 2 wk later all mice were

reinfected with 300 such larvae and 13 days'thereafter were exsan-

guinated retro~orbitaily,




RESULTS

Induction of homocytotropic antibodies in mice

Previous studies in this laboratory have:established that 10
ug OVA + 10 mg alum giVen IP to Balb/c mice is very effective for
induction of 72 hr PCA antlbodylusinj the homologous PCA assay (2C).

This was confirmed and it was shown that 1 mg of alum was just as

- effective as 10 mg. in addition, C3H/Hel mice gave a PCA tﬁtér, at

10 days after immunization, that was similar to Balb/c mice.

' The heterologous (rat) PCA assay for mouse IgE
Although IgE is considered a homocytotropic antibody,; it was
shown that human IgE could bind to monkey mast cells (52). Simi-

larly, various lines of evidence have shown that mouse IgE, but not

1gGy, will bind to rat mast cells (i, 45, 53, 54), Since this bind=

ing is selective for mouse |gE, when rats, instead of mice, are used

as the recipients for the passive transfer of mouse antiserum in

the PCA assay a.latent period of 2-72 hours can be employed (k5).

A comparison between the homologous and heterologous: (rat) PCA.

assays .is shown in Table |. Similar PCA titers were ob;erved with
the two assays, although the titer In the hamologous assay:is one:
difution lowér.

To further test the ability of tﬁé rat PCA assay to measure

mouse IgE, | examined the heat sensitivity of the PCA antibody. It

ha& been reported breviodsly (55) that diluting serum prior to heat

L e e
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treatment at 56°C for 30 minutes would protecé the IgE skin sensi- "’
tizing activity from heat destruction, Since these workers were
using the homologous PCA assay | rétested this observation using
the heterologous (rat) PCA assay with a Tonger heating time;

The heat treatment was carried out as follows: Tﬁo 0.1 ml ali~-
quots were removed from a serum pool from 10 mice, One aliquot wés.
placed in a 10 x 75 mm test tube, corked tightly and the tube was:
then placéd in a 56°C water bath fér 90 minutes. +he other aliquot
was diluted 1:8 in PBS and divided into 2 portions, One of these
was heated as above while the other wa§ placed in the coid., After
thé incubation period, further dilutions of the samples were made
and tested for PCA activity in rats. The results are shown in Table
il. The PCA.titer was diminished from 256 to <& for pool 1 and from
26#8 to 4 for pool 2 by heating serum before dilution while serum
diluted prior to heating showed only a slight reduction in tltér.
These results confirm that the antibody measured by the rat PCA as-
say is heat labile and that dilution of the antibody prior to heat

treatment protects it from destruction,

Effect of an anti-helminth agent on the hcmblogous PCA reaction in
ICR mice
A comparison between various outbred mice as recipients for the

homologous PCA test produced an interesting finding. 1t was noted
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that ICR mice obtained from the Research Animéls Resources Center,
University of Wisconsin, Madison, consistently gave very poor or
negative PCA reactfons with ant!serum that produced strong reac-
tions in CF; mice obtained commercially. Jarrett et al. (56) have

reported that Nippostrongylus brasiliensis infection in rafs had an

inhibitory effect on subsequent homologous PCA assays. | hypothe-
sized that a similar effect due to pinworm infection might be re-
sponsible for the effect on PCA reactions seen in ICR mice,

A preliminary test of this hypothesis was made in-collabora-
tion with Dr. Ralph Anslow, University of wtsconsip. Since the ICR
miCe were found to have a high pinworm burden, it was decided to ad-
minister an anti-helminth agent to these mice and test the effect
of such treatment on their reactivity Iin the éCAvassay,

A group of retired female breeder mice was separateq from the
-main colony and divided into 2 groups., A solution of Dyrex R (Forf
Dodge Laboratories, Inc., Fort Dodge, lowa) at a concentration of
2,5 gm per li;er of water was admlnisfered as the sole source of
drinking water for Ih.days to one group whilé the other group was
given plain water, Approximately two weeks aféer the treatment
period several mice from.each group were sacrificed and their in-
testines examined for pinworms., The treated group was apparently

free of worms, whereas the untreated group had worms. Two months
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later, the mice were used as recipients for the homologous'PCA tgst.A“

The results shown in Table IIAindicate that there is a definite dif-
ference in the duality aﬁd intensity of the PCA lesion betﬁeen the .
two groups. The PCA lesions of the treated groub‘Were largér, dar-

ker blue and more discrete than £hbse of the.untrea£ed group. When

the intestines of these mice were examined, pinworms could not be

- .detected in either group, Although in this case, the PCA reactivi-

ty could not be related to pinworm burden at the time of the assay
there was a strong correlation between anti-helminth treatment and
PCA reactions. This strongly suggests that the poor reactivity of

the ICR mice was due to a worm infection.

Suppression of IgE antibody formation by treatmenf with'anti-u
antiserum | |

it was of interest to know whether the §ntdgenic development
of 1gE forming cells is related to igM bearing precursoral cells,

as are the cells forming other classes of immunoglobulins., One

Qay of studying this relationship is by suppression of iMmunpgloBu-'z

lin formation by neonatally initiated anti-u treatment. Such treat-

ment has been shown to éuppress the formation of IgM, 196Gy, IgGi,

and 1gA in mice (57i. Kishimoto and Ishizaka (58) showed that -

anti-y antibodies cannot supbress secondary 1g€ reSpénsgs of rabbif

cells ig'yitro. ThereForé, it was decided to test the effect of in’
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TABLE 1
A comparison between the homologous and heterologous paséive.
cutaneous anaphylaxis (PCA) tests for mouse 1gE

antibody against ovalbumin

Mouse antiserad ' PCA titers
Mouse Rat
Pool 1 128 256
Pool 2 128 256

- T iters were done on a serum pool from 3-5 mice. Mice were immu-

nized with 10 pug ovalbumin + 1 mg alum |IP on day 0 and bled 10 days
later. :
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TABLE il
Effect of heat® on passive cutaneous anaphylaxis (PCA)b

titers of mouse antiserum

Serum pool® 1:8 dilution Undiluted se-  1:8 dilution
from 10 mice unheated - rum heated heated
Pool 1" - 256 <l 128
Pool 2 2048 L 1024

a56°C for 90 minutes.
bPCA test performed in rats,

Mice were immunized with 10 ug OVA + 1 mg alum, 1P,
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TABLE 111

Effect of an anti~helminth agent on the homologous

- passive cutaneous anaphylaxis (PCA) reaction

Intensity

Controlb 2+
+

1+

I+

I+

Treatedb 2+

3+
3+
3+

PCA activity®

Diameter

15

unmeasurable

12
10

12

12
20
20
20

20

x 15

x 10
x 10
x 15
x 15
x 15
X 25
x 20

x 25

Description

digcrete
barely visible

discrete
diffuse, sélotchy

diffuse, splotchy

diffuse
discrete
discrete
discrete

_ discrete

3Antiserum used for passive transfer was a pool of serum obtained
from mice immunized with 10 ug ovatbumin + 1 mg alum.

bT-reated animals were given Dyrex R in drinking water for 14 days.
Control group was left untreated. .
mice were tested for ability to show PCA reactions,

Approximately 2 months later the
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vivo, anti-u treatment on the ability of mice to give a subsequent

IgE antibody response to N, brasiliensis infection (59). Early

attempts .to utilize the ovalbumin-alum model were frustrated'b; the
frequent suppression of anti-ovalbumin responses by multiple injec-
tions of NRS (see below).. While these studies were in progress,
Dwyer et al. (60) reported that they failed to suppréss 1gE re-
sponses to immunFZa;ion'with ovalbumin and alum by neonatally ini-
tiated anti-u treatment. .

The results of thig study are shown in Table IV.. It.is elear
that animals receiviné anti-u treatment failed to produce detect-.
able levels of PCA antibody to worms, Qhereas those receiving either
PBS or NRS made high levels of spegific PCA.antibody. That all
mice were indeed actively - infected with worms was determined by
worm egg counts in the feces (51), In addition, the achievement of
severe panspecific hﬁmoral immunosuppression as a result 6f anti-u
treatment was confirﬁé& by assay of serum immunoglobulin levels of
IgM, 19Gy,. 1gGy, and 1gA (59).

Effect of multiple injections of NRS - on subsequent IgE antibody for-

mation to immunization with ovalbumin and alum .

"During the studies of the effect of anti-u treatment on igE
antibody formation the preliminary observation was made, that in

control animals receiving NRS treatment the 1gE response, when test-
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ed 10 days after one IP injection of OVA and alum, was suppressed,

This phenomenon was investigated further. The results from 2 dif-

)

' ferent litters given multiple injections of NRS from birth are shown

in Table V. In all animals receiving PBS treatment, the PCA and | HA

responses were high, whereas in the NRS treated animals most of £he
responses for both PCA and PHA antibody were either.undefectable or
significantly lowered.

However,.the suppressive effect was not ailways present to the
same degree, One animal in the NRS treated group showed a PCA ti-
ter of 128 and PHA titer of 6L which can probably be considered
normal and one animal showed a PCA titer of 64 and PHA titer of 16
which is only slightly lower than that obtained normally but which
probably represents a significant suppression, The other responses
in this group clearly are suppressed,

Thus, it was shown that‘NRS treatment did haQe a suppressive
effect §n the IgE antibody response, but this effect was vériablg
in its expression énd'was not seléctiQé for 1gE; suppressioh of PHA
respoﬁses paralleled that of IgE. Sfﬁflar résults have been ob=-
served by another investigator (G, M. Lang, persdnal cqmmunjcation).

Kinetics of the PCA and PHA responses of mice immunized with 10 ug

OVA + 1 mg alum

Vaz et al. (25) showed that one IP injectfon‘of a low dose of
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TABLE 1V
IgE anti-worm responses in mice treated

from birth with anti-u antiserum

" Anti-worm PCA titers?

PBS treatedd NRS tieated? : Anti-u treated’

512 128 . . <h
512 . 128 - <l
32 o128 _ 0
256 256 0
256 512 0
256 32 0

| 512 0

256

3pCA = passive cutaneous anaphylaxis assay performed in rats,

PMice received either PBS, NRS or anti-u, IP, according to the fol-
lowing schedule: Days 0, 2-0,05 ml; days 4, 6-0,07 ml; days 8, 10-
0.08 ml; thereafter, every Monday, Wednesday and Friday-0.10 ml,

At approximately 4O days all mice received 300 third-stage (infec-
tious) larvae of N. brasiliensis. 2 wk later ail mice were rein-
fected with the same dose of larvae and bled 13 days later.
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TABLE V
Effect of neonatally initiated normal rabbit serum (NRS)

treatment on anti-ovalbumin responses in mice

Treatment? _ EEAP gﬂﬁP
. PBS 512 512
512 256

512 128

256 512

256 512

NRS < : 2
<h 2

<l L

16 | 2

U 16

128 , 64

AMice received either NRS or PBS, IP, according to the following
schedule: Days 0, 2-0,05 ml; day 5-0,07 ml; day 8-0,08 or 0,10
ml; days 13, 18, 23, 28, 35, 37, 42-0,10 ml, Day 0 = day of birth,

brice were prebled on day 36;. immunized on day 37 with 10 ug OVA +
10 mg alum, IP; bled on day 47. Results represent individiual serum
titers, of 2 different litters, on day 47.
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aﬁfigeh with alum'was a ;eliable method of inéucing High and'per-
sistent {gE titgrs in mice. This was confirmed for Baib/c mice im-
munized with 10 ug:OVA‘+ 1 mg alum, From the results shown in Table’
Vi, it can be seen that ECA antibody is present at peak ]eQeis at
day 10 and is maintained at that level for athleést 5 months. A

PHA antibody is alsqlindUCed and maintained,

Dose response studies

Vaz et 'al. (25) have also reported that, in certain strainélof,
mice, immunization with a 100 ug dose of OVA + 10-20 mg of alum ex-
erted a suppressive éffeét on IQE responses, In contrast to the
ngh and persistent IgE résbonSe displayea'by mice immunized with |
Tow doseS'(O.i-l ng) of aldm-adsorbed OVA, mf;e immunized with a -
high dose (IOOIug) of alum-adsorﬁed OVA §howed a somewhat lower ho-
ﬁologous PCA titer that declined, to Qery Tow or undetectable lev~
els, by day 2I.

Since these investiéators did not use Balb/c ﬁicé in theif
‘stddy, | tested the éffect of one injection of @ifferéni dose;lof.
OVA on thé antibody requnﬁes of this strain to see if a similar
iype of régulation‘could be demonstrated.‘ In. these studies, the
amount of alum was keﬁt éoﬁstant (1 mg) and. the PCA ffters were és-
sayea by tﬁe heterologous (rat) PCA test.

The results of the PCA and PHA titers are shown in Tables Vi
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and V1il, respectively. No evidence of regulation of IgE, at day
21, is seen at high doses of antigen, Over the dosage range of 1~
1000 ug, all groups show a high titer at days 21 and 58. There is -
a slight lag in the peak IgE response, with higher doses of antigen,
but fhis effect is gone by day 21. A simiiar lag has been observed
with high doses of certain other antigens‘énd may represent a tran-
sient neutralization of IgE antibody by excess antigen. A lag in
peak PHA'respbnses was not seen,

A second expefiment (results not:shown) conf irmed ;he peréisr
tence of the IgE respﬁnse, even at high doses of antigen; at day 56
after mice were immunized with 10 dr 1000 g OVA + I'mg alum, the
PCA titers obtained were similar, at both dosage levels, and to’ the ‘
respective responses on day 14, It is interesting to note that by
day 21 there was very lfttle difference between the titers obtained,
in both the PCA and PHA-assays, when 10-1000 ug of antigen was used
for immunizétion.

1gE responses to DNP-conjugates of ovalbumin

Studies in the rat, on IgE antibody responses to dinitropheny-
lated Ascaris extracts (DNP-Asc) showed that the level of anti-DNP

IgE was inversely related to the number of DNP groups linked to the

carrier (61). Thus, immunization with 4 x 10_"+ moles DNP/mg car-

rier produced an averége'anti-DNP PCA titer of 13, whereas 1 x 10"'lL
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TABLE VI
Long term maintenance of immune reﬁponées to alum adsorbed

ovalbumin? in Balb/c mice

Type of o
antibody Day 10 Day 21 Day 56 _ Day 150
pcAP 256 512 - 512 - 128

PHAP 128 512 1024 " 102k

3Mice were immunized with one IP ‘injection of 10 ug ovalbumin +
1 mg alum,

bpea = passive cutaneous anaphylaxis.
PHA = passive hemagglutination.

CEach result was obtained from a serum pool from 5 mice,




IgE responses to various doses of ovalbumin

TABLE Vi

adsorbed to alum

Dose of
ova lbumin®

1 ug
10 ug
100 pnug

1000 ug

Day 1k
256

512
6l
256

Day 21
128
512
512

512

256
1024
1024

1024

aMice were given one 1P injection of 0.25 ml containing the indicated amount of
ovalbumin in saline mixed with an equal volume of a solution containing 1 mg alum,

b

Each result was obtained from a serum pool from 4 mice.

9

T




TABLE VIl
Passive hemagglutination antibody responsés to various

doses of ovalbumin adsorbed to alum

ovalbumint Dy 10 Day 14 by 21 . bay 28
| g - eub 256 . s12 256
10 ug 512 - 1024 1024 _ 1024
100 ug . . 812 S 512 ' 1024 zoué

1000 pg 256 . 512 512 | 2048

3Mice were given one IP injection of 0.25 mi containing the-indicaﬁed amount of
ovalbumin in saline mixed with an equal volume of a solution containing 1 mg of alum,

bEach result was obtained from a serum pool from 4 mice,

€
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moles DNP/mg carrier gave a titer of 103, The anti-carrier re-
sponses foliowed the same pattern.

Certain studies on anti-hapten and anti-carrier 1gE responses

in the mouse have revealed a dtchotomy in these responses. ‘Lee and )

Sehon (62) reported that when mice were immunized with | ug of
heavily dinitrophenylated OVA (DNPZH-OVA) with alum the PCA anti-

body reSponseAproduced could be elicited in the PCA recipienﬁ by

* challenge with DNP,;=OVA but not with OVA.

Ishizaka and Okudaira (42) showed a dosage effect, related to
the carrier, on anti-hapten IgE responses using a lightly dinitro-
phenylated conJugate of OVA (DNP 6-0VA) for immunizatuon. in

DBA/J, mice which produce high and persistent IgE responses to'mi-

nute doses (0.05-0,2 ug)_of OVA, they showed that f@munization with

.low doses of DNP3.6-0VA produced high and persistent anti=-DNP re-

sponses, whereas higher doses (10 ug) produced much lower titers,

which were transient,

Anti-OVA PCA responses did not paralﬂei the anti-DNP responses,‘

ant{-0VA antibody formation was persistent although the level of

antibody was lower at higher doses (42). In additipn, primfng with

carrier, at all doses,:resulted in a secondary anti-carrier response
' t0'immuﬁization with DNP3'6-0VA whereas the anti-DNP response was

.enhanced or accelerated when animals .were primed with a low dose of
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carrier but suppressed when they were primed with a high dose (42).
The anti-hapten and anti-carrier IgE responses of Balb/c mice
to immunization with either DNPO.S-OVA or DNP,;-OVA were ;cmpared
using the heterologous (rat) PCA assay. When mice were immunized
with DNP; -OVA and 1 mg alum (Table iX) their anti-DNP responses
were transient and inversely related to dose, The anti-OVA re-
sponses were high and persistent, similar éo that obtained with un-

conjugated OVA, except that 1 ug DNP -0VA produced a 4-fold high-

0.5
er titer than 100 ug.
When mice were immunized with DNP,,,~OVA and 1 mg alum (Table X)

the observation of Lee and Sehon (62) was éonfirmed and extended,
Animals immunized with 1-100 ug of antigen produced both anti~DNPyj,~
" OVA and anti-DNP responses that were ngh and persistent. However,
animals immunized with 1000 ug of antigen shqw no detectable anti-
body, "Anti-<OVA antibody could not be.detected in any of the ex-
perimental groups., |
When a 1/8 dilution of an anti-OVA sérum that had displayed a
titer of 256 upon cﬁailenge with ovalbumin, was:passively trans-
ferred to a rat, the subsequent challenge with 5 mg DNP,p-0VA was
able to elicit a PCA response for that antiserum, This indicates

that at least some of the B cell antigenic determinants for OVA

were present on the DNP,, ~OVA molecule,
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Immune response to various doses of ovalbumin using B, pertussis

as_adjuvant

Balb/c mice were given one IP injeqtion of 0.25 ml of a solu-
tion'confainlng 10, 100, or 1000 ug OVA + 0,25 mi of g.lgertussis
vaccine equivalent to 1010 organisms, Thé results are shown in
Table X1. Mice so immunized produced.a PHA antibody, but apparent-
ly no PCA antlibody. .

PCA antibody responses to other antigens using alum as adjuvant

Other alum-precipitated substances which were able to induce
PCA antibodies, at days 14 and 28, by immunization with one IP in-

jection were: 1) ragweed antigen at doses of ! ug, 10 ug, and 100

ug, and 2) NRS and normal sheep serum when 0,25 ml of either undi-

luted or diluted 1:5 in saline was used, V¥hen undiluted serum was'
used, a lag in the peak response was seen slmflar to that observed
with high doses of OVA, Immunization with 10 ug, 100 ug,‘or 1000 ug
doses of ovine albumin or 0GG precipitated with alum did not pro-
duce detectable lgvels of PCA antibody,

Induction of 1qE responses by multiple injections of antigen with-

out adjuvant

it is general\yuaccepted that in order to induce lgE fesponées

" in laboratory anlmals.an “adjuvant' is required, An exception to

this is the induction of specific IgE antibody as & result.of worm




© TABLE IX
|§E anti-hapten and anti-carrier responses of Balb/c mice immunized with

lightly dinitrophenylated ovalbumin (DNP0 S-OVA)

PCA titers®

. Anti=-DNP Anti-ovalbumin
g::?g::a pay 14  Day 36 " pay is  Day 36
' 1g ' 512¢ <8 2048 512
10 g 6k <8 512 256

100 ug <8 <8 6L 128

8Mice were given one 1P injecfion of 0.25 m! of the indicated dose of DNPg 5=0VA in
saline mixed with an equal volume of a solution containing 1 mg alum. )

bpcA (passive cutaneous anaphylaxis) tests were performed in rats which were chal-
lenged IV with 5 mg of either DNP-BSA or ovalbumin, '

CEach result was obtained from a serum pool from 3 mice,

9¢




TABLE X
1gE anti hapten-carrier conjugate, anti-hapten and anti-carrier responses of Balb/c

mice Inmunized with heavily dinitrophenylated ovalbumin (DNP,;-OVA)

PCA titersb.
Anti DNPyy~OVA Anti-DNP Anti_ovalbumin
Dose of - .
. antigen® Day & Day 56 Day & Day 56 Day 14 Day 56
1 ug o 128C 128 - 256 256 . <8 <8
10 ug 256 128 256 256 <8 <8
100.ug - 256 256 > 128 <8 <8
1000 ng <2 <k - <b <l <8 <8

®Mice were given one IP injection of 0,25 ml of the indicated dose of DNPg g-OVA in
.saline mixed with an equal volume of a solution containing I' mg alum, :

“bpca (passive cutaneous anaphylaxis) tests were performed in rats which were chal-
lenged IV with 5 mg of either DNP4),~OVA, DNP~-BSA or ovalbumin,

cEa_ch result was obtained from a serum pool from 4 mice.

LE




TABLE XI

Anti-ovalbumin responses in mice immunized with various

doses of ovalbumin and Bordetella pertussis

Day 10 Day 14 Day 21
Dose of .
ovalbumin® PCA  PHA PCA" PHA - PCA  PHA
Wopg - <t 16 <k NpC <l 16
100 ug <h 32 <4 ND <h 16
1000 ug <b 128 <b ND <h 128

Day 28

PCA  PHA
< ND
<l ND
< ND

aMice were given one IP injection of 0,25 ml ovalbumin in sgline mixed with an equal
. . 3 : q

volume B, pertussis vaccine equivalent to approximately 1010 o

bresults were obtained from a serum bool from 3 mice.

CNot done.

8¢




Ll it

39

infection (40). One result of live worm infeétion may be the re-
‘péated release of low doses of worm antigens during the varfods
stages of the infection, Similar antigenization may occur in a-
topic people., | therefore considered the possibility that repeat-
ed immunizatiqn with éntigen alone might overcome the requirement
for adjuvant iﬁ the induction of IgE responses.

Two different immunization protocols were used. The first was
started on the day of birth and given approximately every 2-3 days

as outlined in Table Xl1, From the results, it is apparent that a

heat labile, PCA antibody response could be elicited by neonatally

initiated, multiplé, IP, injections of NRS. Relatively high levels
of precipitation antibody were also formed. Heat treatment dimin-
ished the PCA titer, but ﬁot the precipifin titer, However,‘there
seemed to be a portion of tﬁe PCA antibody that is resistant to
heating.

A similar response was obtained when mice received neonatally
initiated multiple injections §f low doses of oQalbumin (0.02-10

ug) at approximately weekly intervals, A pool of serum from 7 mice

gave an anti-ovalbumin titer of 64 at day L8, 7 days after the lést‘.

injection,
In the second protocol the immunizations were initiated in

adult animals, A total of six injections of 0,25 ml was adminis-
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tered IP at various intervals. The mice were assayed at day 18, &
dayé after the last injection., The results, shown in Table X1il
were similar to those‘obtained with neonatally initiated injec~
tions, A pool of serum from group | was tested for heat'sensitivi-
ty; the untreated pool gave a titer of 128, whereas the heated pool’
gave a titer of <16, It was originally thought that by giving an
additional immunization of OVA + alum, to group 11, to stimulaté
anti-ovalbumin responses, the anti-NRS response might have been po- -
tentiatéd. However, within the time course of this experiment this
did not occur and in fact, there appears to be a slight suppression,

These results clearly indicate that, in mice, muitiple injec-
tions of antigeﬁ, without an adjuvant, can elicit PCA responséé that
most probably are of the IgEiclass.

The following expefimenté were designed to examine, in more
-detail, the phenomenon reported by Maia et al. (37) in which mul-
tiple high doses of antigen, without alum, given 1V, resulted'in
the selective suppression §f IgE responses.

Confirmation of previous findings

Balb/c mice were sensitized on day 0 with one IP injection of
10 ug OVA #+ | mg alum fol lowed by a desensitizing treatment, on .
days 3, 5, 7 which consisted of the intravenous injection of either

saline (éontrol animals),’ 100 pg OVA without alum or 1000 1g OVA
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TABLE X11

Immune responses of mice immunized by neonatally

initiated, multiple, injections of normal

rabbit serum (NRS) without adjuvant®

f;;zi | Untreated
1 6L
2 28
3 6L
L 6l
5 32
6 | 16

Anti-NRS responses

Heated®

8

ND

16
16

d

Precipitin
Unheated  Heated®
32 32
64 ND
6k 64

32 32
6L 64
6k 6k

3Mice received NRS, IP, according to the following schedule:
0, 2-0,05 m!; day 5-0.07 ml; day 8-0,08 or 0.10 ml; days 13, 18,
23, 28, 35, 37, 42-0.10 ml (day O = day or birth), They were bled

on dgy.36.

bpca = bassive cutaneous anaphylaxis performed in rats.

CUndiluted serum samples were heated at 56°C for 90 minutes,

dNot done,

Days
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TABLE X111
IgE responses of mice immunized by adult initiated mulitiple

injections of normal rabbit serum (NRS) without adjuvant

Anti-NRS'PCA responses?
Group b | | 128
128
16
6L

Group 11bs € 32

32
6L

2pCA = passive cutanequs‘anaphylaxis_performed in rats. Results
"are from sera collected on day 18,

bMice in both groups received 0,25 m! NRS, IP, on days 0, 2, L4, 7,
11 and 14 (day O = day of first injection).

“Mice in group !l received, in addition, one IP injection of 10 ug
OVA + 1 mg alum on day 9. :
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without alum each day. fhese 2 dosages were tested because | was
using 10~100X greater sensitizing dose for Balb/c mice than had
been used in the original study. As can be seen from the results
in Table X1V, treatment with both 100 ug and 1000 ug OVA resulted
in the suppression of the PCA response by day 21, while the gfoup
receiving saline had high titers, With the 100 ug dose, the IgE re-
sponse is at near normal levels on day 10, whereas with the 1000 ug
dose the response is much lower, probably indicating that the sup-
présslon was expressed a little sooner with the higher dose, The
PHA reéponse did not appear to be similarly affected by the treat-
ment,

Subsequent experiments with a simllaf design were carried out.
‘100-200 g OVA for the desensitizing treatment was rogtlnely used,

From the results of these experiments it can be concluded that
desensitization is a repeatable, valid experimental finding. One
hundred or 200 ug is equally effective in inducing desensitization;
By making comparisons between different eXpér[ments, it appéared_
that termination‘of the igE response occurred by day 16 and re=-
mained at least throuéh day 24, Also, the expression of desensi-
tiiation appeared to be progressive, At day 9 the PCA titers were
normal, at day 10 some mice began to show a lower PCA titer and by

day 11 most animals showed significant suppression,




Maintenance of desensitization

When serum from the animals discussed above was tested at 77
days after sensitization, the PCA responses of the groups receiving
either 100 pug or 1000 ug OVA were still <8 while the control group
was still making PCA antibody. This suggested that the phencmenon
was Ioﬁg Tived. In another experiment, in which individual re-
sponses were tested, It wa§ seen that the desensitized state was
not uniformly maintained in animals treated with 100 ug OVA., Typi=-
cal results are shown in Table XV, 1!t can be seen that in some ani-
mals, which received multiple, IV injections of 100 ug OVA, PCA
antibody was detectable on day 52 even though their response had
previously dropped to undetectable levels by day 16, This has been
observed In other experfments. -

Effect of desensitization on IgE antibody-secreting cells

In order to determine whether the suppression of IgE antibody
responses Induced by treatment with multiple high doses of antigen
was due to suppression of antibody secretion and/or formation or to
neutralization of antibody by excess antigen, the HACA test (34).
was employed. For this test, animals were sacrificed at various
times after sensitization and single cell suspensions of their
spleens,'thfmuses and bone marrows prepared in PBS. ‘The cell pre-

parations were washed 2X with PBS and resuspended to an appropriate
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concentration, Viable céll éounts‘by Trypan Blue excluston were
made, Two-fold dilutlon§ of this preparation were made,and 0.1 mi
aliquots were injected iﬁto the skin of rats which werezchalﬂenged
24 hr later with Evan's b!&e dye and antigen,

The results using cells from sengitized anlmals are shown Bn'“
Table XVI, IgE.secretiﬁg cells were present in the spiéens and
bone marrows, but not the thymuses of sensitized micelat days 17
and 32, This confirmed previous workl(Bk).' The results, using
cells from desensitized animals, are shoﬁn Iin Table XVi., It can
'be Qeen that at the ceiliconcentrafions_tested, no IgE secreting
cells were detected in either spleen or bone marrow. Coﬁsﬁderihg
that the number -of cells which gave a negative reaction was 100-
fqld greatér'for spleen cells and 5-10 fold greater for bone mary cw
ceils than the least number of cells, from the gensitized group,
that gaQe a positive reaction, these results strongly suggested
that the suppreésion of IgE responses,. due to intravepqus injec=
tion of antigen, was fhe result of a lack of-ﬂgE antibo&y-secreting
cells and not io neutralization of antibody by'exce§s antigen,

-Effectvof giving multiple, high doses of‘antﬂgeh:withbut a?um by~

the |P route

From the results shown in Table XVii, it can be seen that when

3 injections of high doses of antigen are Qi'ven‘.W Instead of iy,
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the IgE antisody responses are only slightly diminished when com-

. pared with the responses of animals recejvinglthe high.dﬁses .
This is true when either 100 pg or 1000 Mg was dsed for the IP in-
. jections. These results indicate that the route of administra;ion
of the désensitizing treatmeht was very lmportaﬁt. .Thus, the ex-
-tént’of:Suppression by IP .injection was not néarly as gréat'as {hat

induced by a low dose of antigen given intravenously (see below).

Effgcf of giving an optimally immunogenic dose of antigen as a de-

sensitization treatment

Table XVIIi shoﬁs the responses of animals given 10 ug OVA |v;
éompared to 100 ug OVA, iv, It can be seen that 10 ug was able to
induce a significant supbression of PCA titers, fhis supports .the
hypothesis that an Ihporfant requirement for desensi&izatibﬁ is the -

route of injection,

A ccmparison of multfple and single treatments for de§énsﬁtﬁzatfon
| Table xfx shows the effect of giving one Iv'injectjén 6f 300
ug of OVA on either day 3, day 5, or day 7. lf can be seen that
one singie‘injection~ipduced 3 ssgnifﬁéént suppression in PCA ti-
ters\But not as gréat as that obtained with multiple injectioﬁs.
There didn't seem to be muéh difference among single injections

given on different days; A
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TABLE X1V
Effect of intravenous, multiple injections of soluble antigen on
the anti~ovalbumin responses of mice sensitized previously

with an I.p. injection of antigen + alum

Treatment Day 10 Day 21
Day O - Days 3,5, 7 - PCA  PHA PCA  PHA
Sensitized-saline? 512d  6n4 256 512
Sensitized-desensitized® 128 512 <h 256
100 ug :
Sensitized~desensitized® 32 512 <h 512
1000 pg

3Mice were sensitized on Day O by an intraperitoneal injection of

0.25 m! ovalbumin in saline mixed with an equal volume of a solu~

tion containing 1 mg alum, On days 3, 5, 7 they were given an in-
travenous injection of saline,

bMice were treated as above except they were given 100 ug soluble
ovalbumin instead of saline on days 3, 5, 7.

CMice were treated as above, except they were given 1000 ug soiu-
ble owalbumin on days 3, 5, 7.

dResults were obtained from a serum pool from 3 mice,




L8

TABLE XV

Effect of intravenous, multiple injections of soluble

ovalbumin on 1gE responses

Treatment Day 10

Sensitized? 256
. 1024

1024
1024
512
512
1024
256
512
256

Sensitlzed~-
desensitized® 128
S 128

128
256
6l
128
32
32
16

Day 16 Day 52
~ 6h 128
1024 256

512 128
512 256
512 256
512 128 .
512 512
256 256
512 256
256 256
<8 6k
<8 6h
<8 32
<8 32
<8 32
<8 32
<8 16
<8 <8
<8 <8
<8 <8
<8

<8

3Mice were sensitized on day 0 by an i.p. injecfion of 0,25 ml
ovalbumin in saline mixed with an equal volume of a solution con-

taining 1 mg alum,

bMice were treated as above, except they were given three i.v, in~

jections of 100 ug egg albumin without alum on days 3,5 7.
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TABLE XVI

Heterologous édOptive cutaneous anaphylaxis reactions

in sensitized and sensltfzed-desenéitized mice

No., of cells required for a positive reaction

Sensitized?
Spleen
Bone marrow
Thymus'

Sensitized-desensitizedb

Spleen
Bone marrow

Thymus

Day 17

7.5
6.0

>5

>5,2
>3,2

>k.5

X

10°
106
107

107

107
107

Day 32

L.6

2,5

>3

>6.2

>3.5

>2

X

X

10°
106
107

Y
1o’

10/

- ¥Mice were immunized with one IP injection of 10 ug OVA + 1 mg alum

on day 0,
- b

Mice were immunized with one |P injection of 10 ug OVA + 1 mg alum

on day 0 and subsequently given three 100 ug doses of OVA without

alum on days 3, 5, 7.
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TABLE XVil

Effect of multiple, intraperitoneal injections of soluble

antigen on anti-ovalbumin responses at day 16

Treatment®

Sensitization
+ saline

Sensitization
+ 100 pg 1V

Sensitization +
100 pg 1P

Sensitlzation +
1000 pug 1P

PCA

256
128

256

<h
<b

128
6L
6k

256
64
32

PHA
1024
2048

2048

2048
1024
Lo96

1024
Lo96
4096
4096
14,096

2048

aQn day O, all mice were given oné IP injection of 10 ug OVA + l'mg

alum, On days 3, 5, 7 they were treated as indicated,
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TABLE XVIIi
Effect of giving multiple intravenous injection of low doses

of soluble antigen on desensitization

Anti-ovalbumin responsesb

Treatment? pca®  prad
Sensitization Exp. 1 512 ND
+ saline ‘ ' 256 ND
256 ND

Exp. 2 256 1024

128 2048

256 2048

Sensitization Exp. 1 <l ND
+ 100 pug 1V <h ND
<l : ND

Exp., 2 < 2048

<l 1024

<h L0o96

Sensitization : Exp. 1 6l ND
+ 10 ug 1V 32 ND
: 16 ND

Exp. 2 8 Loge

16 Log6

32 Lo9g6

8A11 mice were sensitized on Day'O with one [P injection of lb u©g
OVA + | mg alum. On days 3, 5, 7 they were given intravenous in-
jections of either saline, 100 ug OVA or 10 ug OVA.

bresults are from individual mice bled on day 16 (Exp. 1) or 19
(Exp. 2).

CPCA = passive cutaneous anaphylaxis.

dppA = passive hemagglutination,
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TABLE XIX~

A comparison of the effect of multiple injections and.a single

injection of ovalbumin on desensitization

Treatment’ . Day(s) of treatment
Saliqe 3, 5; 7

100 ug OVA 3, 5, 7 |
300 ug OVA - | 3

'3oo ug OVA | 5

300 ;g OVA | | 7

PCA responses
on day 16

512, 128, 256
<b, <by, <k
6k, 16, 16
3#,-6&, ND

128, 32, 8

BA11 treatments were given IV. On day O, all mice were glven one

IP injection of 10 ug OVA + | mg alum, .
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Effect of giving other proteins or hapten-protein conjugateglin-
travenously -

In order to determine whether the suppression cbserved in sen-
sitized mice that were given three subsequeﬁt IV injections of 100
ug OVA ﬁight possibly be due to a non-specific effect, perhaps
similar to that observed with multiple injections of NRS, other
substances were injected IV in a similar protocol. The results,
shown in Table XX, showed that nelther 100 ug sheep albumin nor
100 pug DNP-KLH had any suppressive effect én the PCA responses of
mice previously sensitized with 10 ug OVA + 1 mg alum. The results
were equivocal when 100 ug DNPZQ-OVA was given, One mouse out of
three showed a significant suppression 6f PCA activfty, wﬁereas the
mean PCA value for the othér two was only one tube lower than that
for the animals given no treatment., However, even DNP,),=0VA was
not able to suppress the PCA responses to the extent that 100 ug
OVA could, ‘

Effect of desensitization treatment on secondary !gE responges

The effect of desensitization on a subsequent IgE secondary
response was tested by giving a second'IP lnject!on of 10 ug OVA +
1 mg alum to ﬁensitized and sensitized-desensitized mice, The sec- '
ond immunization was administered at two different intervals after

'the'pr!mary injection, The results are shown in Table XXil. UYhen a
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TABLE XX
Effect of administering other proteins or hapten-protein conjugates
intravenpusly on the anti-ovalbumin PCA Eesponses of mice

previously sensitlzed with alum-adsorbed ovalibumin

Treatment® b

_ PCA responses
on days 3, 5, 7

on day 16-21

Experiment 1

~ Saline 256
100 g OVA ° <8
100 ng sheep albumin 256

Experiment 2

Saline

100 ug OVA

128, 512, 256
<b, <k, <b
128, 128, 32

100 ug DNP,,-OVA

100 ug DNP-KLH 512, 512, 512

30n day 0, all mice received 10 ug OVA + 1 mg alum, IP, On days 3,
5, 7 they received, intravenously, the indicated substances.

bResults for experiment | are from a serum pool from 3 mice collect-
ed on day 16, Results for experlment 2 are.from individual serum
samples collected on day 21,
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secondary immunization wes given to sensitized anlmafs_on day 29

(Prqup 1) there was an;8-foﬂd increase in PCA titer at first, which
decreases one dilution later on.l When the second challenge was ad-.
ministered on day 50 (Group I!1) there was a 4-fold Increase in ti=-
ter; | do not consider that these increases ere different from each

other, however, they do represent significant increases when com- .

pared to the group that did not receive a second immun!zatlon (Group

n). On the other hand the pattern of secondary responses was
somewhat different in sensitized-desensitized mice, In Group 1V,
which received a second immunization on day 29, the PCA increased
by only one dilution, whereas in Grdup Vi, whlcn received a second
immunization on day 50, the PCA ttter increased 32-fold, However,
tne.flter was still significantly lower than the respective re-
sponse in the sensitized group, In Group V, which did not receive
any'secondary'immuanation, the PCA titer lncfeaSed slﬁghtTy be-
tween days 29 and 50, |
Thus, it appears that, in desensitized animaﬂs,-the extent of
incréase in secondary PCA titers depends on when the .second immuni-

‘zatlon was given in relatlon to the lnitlal sensltization and desen-

sitizatlon treatment, The secondary‘response was higher, when the

time interval was Increased between desensitlzation'tfeatment and’

secondary cha!lenbe. This was, apparently, not true for animals’
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which had been sensitized only,

The PHA responses did not seem to be similarly influenced
(data not shown). A1l groups receiving a secondary challenge
showed a significant increase in titer and the extent of that fnf
crease was similarlin all cases.

Suppressive effect of spleen cells from sensitized-desensitized

animals

Experiments were undertaken to sée if the transfer of'spleén
cells from sensitized~desensitized animals to no;mal animsls would
suppress the subsequent IgE response of the recipient.  Two separ-
‘ate experiments were set up, In experiment 1, 2 groups of donors
were sensitized on day O with 10 ug OVA + 1 mg alum. On days 3, 5,
‘7 one group received an intravenous Injection of 100 ug OVA alone,
At day 18, the animals were bled and their sera assayed for PCA
activity, At day 19, 4 animals from the sensitized-desensitized
group which had undetectable levels of PCA antibody (<%) and &4 ani-
mals from the sensitized group (PCA > 64) were sacrificed and single
cell suspensions of their spleens were prepared in PBS containing
1% fetal calf serum, After | wash in this medium, the qells from

each group were pooled and a viable count was made, Approximately
| 2.5 x IO8 cells in a volume of 0,35-0.50 ml, from each group, were

injected IV into normal recipients which were immunized the follow-
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TABLE XX!

Secondary responses of mice desensitized with multiple,

high doses of ovalbumin given intravenously

Day of second

Group Treatment immunization®
I Sensitization® 29
1 " NONE
irt " 50
v SensitlzatIOn-b 29
desensitization .
v . " NONE
Vi b 50

PCA anti-ovaibumin responses

Day 29 Day 36 Day 50 Day 57

2569 2048 1024 1024
256 . 512 512 512
512 512 512 2048
6L 128 128 128 .
<4 8 16 16 -
<k 16 16 512

‘ day indicated.
4,

3A11 mice received 10 ug OVA + | mg alum, IP, on day 0.

PA11 mice received 10 ug OVA + 1 mg alum, IP, on day 0 and 100 ug
OVA, without alum, 1V, on days 3, 5, 7.

CMice received elther saline or 100 itg OVA + 1 mg alum, 1P, on the

Results are from a serum pool from 3 mice.
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ing day with 10 ug OVA + 1 mg alum, The anti-OVA IgE antibody re-
sponées of the recipients are shown in Table XXil. It can be seen
that the PCA responses of animals receiving desensitized cells are
significantly lower than those of animals receiving sensitized
cells, When the means of the log, values for‘thgée two groups
were analyzed by Student's t test, the differences between the two
groups were statistically significant (p < 0.05),

In the second experiment, 3 groups of donors were used. Al}-
groups were primed on day O with 10 ug OVA + 1 mg alum, On days 3,
5, 7 one group received IV injections of 100 ug OVA and anotﬁer
group received IV injections of 1000 ug OVA, The third group re-
ceived no treatment. At day 19, the spleens and thymuses of all 3
groups were prepared in a manner similar to that‘described above,
For each group of donors, a spleen cellvsuspension contalning 2.5
x 108 or 2,5 x 107 cells in 0.5 ml wos prepared and injected, 1V,
into normal recipients._ Additionally, another group of recipients
received an IV injection of 2 x 108 thymocytes from the same éroup
of donors, The anti-OVA PCA responses of recipients receiving
spleen cells are shown in *able xXi1 (Experiment 2). The PCA re-
sponses of animals receiving 2.5 x 108 spleen cells from animals
treated with 1000 ug OVA were B-fold lower than those of animals

receiving the same number of sensitized cells. When 10-fold less
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cells from the same donors were transfer;ed, the PCA responses were
_h-fold lower than those Sf sensitized énimalé, however there were
only 2 animals left in this experimental group.

The PCA responses of the 2 mice receiving 2.5 x 108 spleen cells
from donors desensitized with 100 ug doses of OVA were similar to
those of experiment | and signifiéantly lower than the responses of
mice receiving sensitized cells, When 10-fold less cells from this
group were transferred, the suppressive effect was not seen,

| When 2 x.IO8 thymocytes from each of the three groups were
transferred the PCA responses of serum pools from 3 recipients for
eacﬁ group, were identical (PCA titer = 256 in all 3 cases),

These results showed tﬁat the subpresslon of'lgE by 3, IV in-
Jections of antigen was transferrable to normal mice by spieen

cells, but not by thymocytes,
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TABLE XXI1
Suppressive effects of spleen cells from desensitized animals
on IgE anti-ovalbumin responses when transferred

- to normal, syngeneic mice

Treatment of donors No. cells PCA responses of recipientsb :
of spleen cells?® transferred ' Day 14-15

Experiment 1

Sensitized 2.5 x 108 256, 512, 256

Sens i tized-de- 2.5 x 108 32, 128, 64
sensitized-100 ug :

Experiment 2

‘Sensitized 2.5 x 108 512, 512, 512
2.5 x 107 512, 512, 512
Sensitized-de- 2.5 x 108 128, 64, ND
-sensitized-100 ug '
2.5 x 107 256, 256, 512
Sensitized-de- 2.5 x 108 - 6L, 6L, 64
sensitized- 7
1000 pg © 2,5 x 10 - 128, 128, 128

3A11 mice were given 10 ug OVA + 1 mg alum, 1P, on day 0. In the
3 sensitized-desensitized groups, mice were given 3, 1V injections’
| : - of the indicated doses of OVA on days 3, 5, 7.

bOne day after cell transfer, all recipients received IO rg OVA
+ | mg alum, P, .
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DISCUSSION

The studies on the heterologous (rat) PCA test confirmed prew
vious findlngs and helped establish the validity of this assay for
mouse igE, In addition, the lnhibitory effect of dilution on the
heat sensitivity of the mast cell binding ability of PCA antibody
was confirmed and extended. In the study by Clausen et al. (55)
the PCA antibody response was induced by immunization Qlth 125 ug
OVA plus a saline extract of B, pertussis and assayed by‘the hemolo-
gous PCA, My studies extended this observation to PCA antibody in-
duéed by immunization with alum-adsorbed antigen and assayed by the
heterologous PCA assay. Also, since Clausen et al. (55) emp loyed
2 30 min heating tiﬁe, it might be argued that by diluting out‘the
antibody, a longer heating time would be required to achieve the
same effect. My studies showed that even when the heating time
was extended to 90 min thé effect Qas still seen,

A recent paper (63) has reported that there are 2 antibodies
in mouse antiserum, active in the heterologous (rat) PCA assay when
a 2 hr latent period was used, one heét-stable and one heat-labile,
(The heat-stable antibody did not react with either anti-1gG, or anti-
19G,,) This conclusion was based on 1) a lack of correlation of 48
hr homocyfotroplc antibody activity with 2 hr heterocytotropic {rat)
activity, 2) the presence of a heat resistant antibody that is more

active In the heterologous assay and 3) the presence of heterocyto~
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tropic (rat) antibodies in mouse antiserum known not to contain PCA

antibody active in the 48 hr homologous assay. It should be noted

that in these studies, the heat treatment was applied to a 1:5 dilu-

tion of serum which could account for the presence of the "heat-re-

sistant' antibody in some of the antisera tested. The differences

between the 48 hr homocytotropic and 2 hr heterocytdtropié antibody .

were not more than 2-k fold. The apparent greater amount of heat
resistant PCA antibody iﬁ the 2 hr heterologous assay when compared
with the 48 hr homologous assay can be accounted for by the differ-
ence in time, It has been shown that although the half-life of IgE
antibody in the skin was approximately 7-1k days (1, 6L4), the great-
est rate of decrease occurred with the first 3-4 days (1). The-pre-
sence of a PCA antibody in serum from SJL mice, that was active in

the 2 hr heterologous but not the 48 hr homologous test and which

appears to be totally heat resistant, is noteworthy, However, these

investigators failed to ccﬁpare L8 hr homologous assay results with
48 hr heterologous assay results, In all of my studies, a 2% hr
latent period was eﬁpléyea, | believe that other stddiéé (b, 45),
as well as my own, have- established the validity of the heterolo-
gous (rat) PCA assay to measure mouse IgE antibody,

The amelioration of the PCA lesion caused by IgE antibody, in

ICR mice, due to treatment with an anti-helminthic agent has Impor-"
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tant considerat!ons for the use of the PCA assay. It is very like-
ly that the poor PCA reactivity observed before treatment was due
to a competitive inhibition or blocking of the binaing of the pas-
sively transferred IgE by endogenous JgEiproduced as ‘a result of
worm infection. Ishizaka et al. (65) have shown, very convincingly,
that when peritoneal mast cells were incubated with lzsl-labe]ed
.rat E myeloms protein; the number of 1gE molecules combined with
mast cells isolated from N, braslllen§l§ infected rat was about 10%
of that bound to mast cells from normal rats. |
The detection of pinworms in the~¢xperlméntal animals before
treatment sﬁggests strongly that this parasite was responsible for
the effect seen, Although it has not been reported, it seems rea-
sonable to gssume_that, based on other paraéite systems (66), IgE
formation occurs as a result of pinworm Infection, (It is felt that ‘
the observations reported here may represent an extreme case for
the following reasons: 1) the anima] colony from which the experi-
mental animals were obtained was neither m§n1tored nor treated for
pinworms; 2) because retiredvfemaie bregd mice were used, the worm
burden and hence; théir IgE levels may have been exceptionally high
due to the inhibitory effects of preénancy and laqtation on worm ex- .
pulsion (67). | ‘

The observation that measurements of PCA activity may be in-
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fluenced by pinworm infection is extremely important considering
the ubiquity of pinworm infections In animsl colonies. However,
some commercial animal suppilers do monitor theif colonies for
pinworms and apply appropriate means to control the infections,

The suppression of IgE antibody formation by neonatally ini-
tiated treatment with anti-u antiserum provides convincing evidence
that IgE-forming cells, like those producing IgM, IgGy, IgG, and
lgA, arise from IgM bearing precursoral cells., It is possible, of
course, that the anti-p serum used in these studies contained un-
detected traces of anti-£ activity which might be responsible for
the observed suppression, That situation seems unlikely, however,
in view of the degree of purity of IgM used.to induce formation of
the antiserum and the subsequent extensive absorption of this anti-
serum with other immunoglcbulins, It seems more likely that tbe
effect is in fact due to anti-p antibodies, It may be that sup=~
pression of IgE responsiveness, like IgA suppression, requires a
relatively high level of suppressive treatment. This could account'
for the lack of IgE suppression observed by Dwyer et al, (60);

.The suppression of anti-0VA responses by neonatally fnitiate&
NRS treatment p}oved to be variable in its expression and'if is not -
known what influences this, It is clear however, that the effect

Is not restricted to the PCA response but extends to the PHA response
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in a parallel manner. This effect may be due to some type of anti-
genic competition (68) or to a direct effect,‘perhaps cytotoxic, on‘
the cells required for theigeneration of an immune response, Fur-
ther study is needed, - |

The results of the studies on immunization of Balb/c mice with
one IP injection of low doses (1 and 10 pug) of OVA and | mg alum
confirmed that this procedure was a highly reliable means of induc-
ing high and persistent levels of igE antibody. The results, when
higher doses of OVA (100 and 1000 ug) with 1 mg alum were used,
showed that this procedure also induced a high and persistent IgE
response, These results differed from that of Vaz et al. (25),.who
showed that high doses of OVA. induced a low and tr;nsient I1gE re- .
sponse, The dlfference§ observed, may be due to differences in the
strains of mouse used and/or to differences in the amount of alum
used. Vaz et al, (25) used SW=-55, SWR/J and C57BL/6J mice and 10-
20 mg alum with higher doses of OVA whereas | used Balb/c mice and

1 mg alum, From information in the Handbook of Experimental im-

munology (69) it appears that approximately 50 ug of protein is the
maximum amount that can be preciplitated by 1 mg alum, Therefore,
when | lmmunized with 100 or 1000 ug of OVA + 1 mg alum, the ani-
‘mals were probably receiving approximately 50 pg of alum precipi- -

tated antigen + 50 or 950 ug of non-precipitated antigen,
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Presumably- then, the alum brecipitated antigen remained as a
depot within the'animai, whereas the rest of the antigen, the non-
precipitated portfon,-acted as any other soluble antigen and be-
came available to the circulation, creating a high circulating con-
centration of antigen, thch was then metabolized and excrgted nor-
mally, Therefore, the‘actua] dose of antigen that persisted within
the depot was probably about 50 ug, no matter how much moré was
given initially with | mg alum., This may not have been enough an-
tigen to achieve the typg of high dose regulation 6bserved by Vaz
et ai. (25).

The differences observed between igE anti-DNP responses pro-
duced in response to either lightly dinitrophenylated OVA or heavi-
ly dinitrophenylated OVA are interesting. Immunogenic doses Qf
DNPO.S-OVA induced a transient {gE anti-DNé response and the titers
were inversely related to dose while immunogenic doses of'DNP24=0VA
induced a high and persistent response,

This difference between the transient and persistent nature. of
the responses is probably best explélned on the basis of studies by
Klaus and Mitchell (69) in which they showed a distinct difference

in the metabolism of DNPS-BSA and DNPgo-BSA.. DNPSO-BSA‘persisted,.

and liver and was efficlgntly taken up by macrophages, in vitro,

in vivo, for long periods of time, was retained mainly in the spleen
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but degtadee very slowly, DNPg-BSA, on the other hand was excreted
rapidly, was more broadly distributed in various oréans and was not
taken up as efficientiy bf mecrophages as DNPSO-BSA; Thus, it Is
thought that perhaps the IgE responses produced as a resuit of im-

munization with'DNPb S-OVA‘are transient because this antigen,i§

not retained in vivo for very long and therefere is net available
'to provide a constant stimulus for IgE B cells, |
An additional explanation, the formstion of suppressor T cells,
may be considered. Recent work by isnizaka and Adachi (22) showed -
that the in vitro culture of splenic lymphocytes, with'antigen,'inv
the absence of macropnages, resulted in the formation of T sup-
pre;sor cells for IgE and ijG anti-hapten responses whereae cul-
turing onAantigen'bearing nacrophages resulted in the formation-of
T helper cells. Thus, suppressor T cells may be formed as a resqit
of immunization with DiiPt,oE-OVA but not with DNP,,-OVA because of
the differences In the effect on macrophages between the two eon-
jugates, ' | ’

One other factor that might be influencing the responses to the

DNP-conjugates may be related to the differences in the other cias- ‘

ses of antibody induced by these antigens. Klaus and Cross (70)
showed that DNPS-BSA elicited mainly IgG antibody and immunological

memory while DNPso—BSA induced a primary !gM response, little igG
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antibody and poor memory. As mentioned above, antigen-specific IgM

enhanced I1gE formation in the rabbit (31) and antigen-specific igG
suppressed 1gE formation in the rat (26), However, one must be
careful in applying observations on IgE formatlén In one species to
another (). Also the regulatory effect of passively administered
1gG antibody on tgE formation in ﬁicé has been shown to be differ-
ent from that observed in the rat,(?l).‘ It may be that all of these
factors influence the IgE responses to the different DNP-OVA conju-
gates; however further work Is required,

The dichotomy in anti-hapten and aﬁtﬁ-cafvler fgE reéponseg
observed by others (42, 58) was confi}med; Mice immunized with
DNPOQS-OVA produced high and persistent anti-dVA IgE responses. It
may appear that this response contradiéts the explanation advanced '
above for the transient naéure of the anti-DNP reéponse because it

implies that antigen is retained in vivo and probably processed by

mécrophages. However, it seems prcobable that at such a low density
of hapten conjugation, there are many OVA ﬁolgcules which do nof |
contain any DNP groups and hence would be processed as '"native' alum
precipitated OQA and produce a typical 1gE response. The fallure

of DNP,,-OVA to induce an anti-OVA igE response can best be ex-
plained by a maskfng of or a conformattonal:cﬁange in the native

OVA determinants,
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The lack of a detectable PCA antibody response in mice immu-
nized with OVA and B. pertussis vaccine was surprising because of
previous work in which this adjuvant favored the production of igE
(4). However, B, pertussis vaccines are apparently unreliable for
‘this purpose and only certaih preparations are able to induce igE
formation to specific antigens (4). »

The induction of IgE responses without adjuvant, by mult(plé

injections of antigen has not been reported previously for laborag-

tory animals, This is a significant observation because it may
represent a mcdel for IgE antibody induction fhat is more akin to
the means by which allergic individuals become sensitized than the
single injection of a low dose of alum-a&sorbed antigen. Although
this regimen Induced high IgE responses, it also induced high pre-
cipitin responses, when NRS was used, which is not obsarved in the
atopic condition, | believe that if mucﬁ lower doses of antigen
are used then the p&ttern of antlibody responses with regard to im-
munoglcbulin class would be altered such.thét_the precipitin re-
sponse would be considerably diminished and the Ig? responsé en=-
hanced,

| speculate that, in order to induce IgE antibody formation,
repeated'stfmulatlon of the cells involved ln'léE formation (eithef

T or B or both) is required, This is so that a ceftain minimum
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number of IgE prpducing cells are formed in order to attain high
enough serum levels of IgE antibody that can be detected by the
PCA assay. This could be achieved either by giving alum—ad;orbed
antigen or multiple injections of antigens.

Macrophage processing has been shown to be important In the
formation of helper T cells for IgE responses'(22). Although_the
mechanism §y which alum~-adsorbed antigen stimulates IgE formaiion
Is not known, Tada‘(h) speculates that small doses of él&m-adsorbed
antigen are phagocytized by macrophages and released in an extreme-
ly immunogenic form to stimulate certain populatfons of Torsg
cells, Presumably, alum-adsorbed antigens afe taken up very ef-
ficiently by macrophages. 1t Is not known to what extent soluble
antigens, such as those used in multiple injections, in comparison
to alum-adsorbed antigen, are processéd by macrophages. it may be
that.by giving repeated injections of soluble antigeﬁ the requfre-
ment for macrophage involvement is overcome or a?ternatively, that
macrophage processing of soluble antigen is stimu!ated.by this regi-
men, |

From the studies on the effect of multiplé, hlgh'dosés of an-
tigen, given iv on days 3, 5, and 7 after prior immunization with
10 ug OVA + | mg alum, IP it can be concluded that this treatment

results in the selective suppression of IgE responses to OVA and
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that this effect can be transferred to normal animals by splenic

‘cells,

While these studies were in progress, other workers reported

that administration of 3, 100 pg, !V injections of urea denaturated

- OVA (UD-OVA) given on.days 3, 5, and 7 after immunization with a

low dose of alum-precip!fated OVA, suppressed anti-OVA IgE and 1gG
responses and resulted In the formation of suppressor T cells (39)-°
Their system was unique in that UD-OVA contained only the T-cell
stimulating determinants of native OVA; the native OVA B-cell stimu-
létlng determinants were lost by the ures treatment (73).

in light.of these studies, it seems reasonabie to assume that
3, 100 pg, IV injections of native OVA also induces the formation
of suppressor T cells, however the evidence for this is still in-
direct, supported mainly by the fact that suppression can be trans~
ferred by splenic. cells, ‘

One main difference between the UD-OVA and the native OVA used
in my studies is the presence of B cell determinants on the native
OVA, For this reason, other alternative hypotheses to explain the
desensitization observed in my system might be considered,

One such hypothesis Is that the multiple, high dose injections
of soluble antigen induce @ high affinity 1gG antibody which then

exerts a suppressive effect on the IgE response, |t has been re-
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ported that passivel9 adﬁinisiereq, antligen-gpecific 1gG antibody
from hyperimmune animals.wiif exert a suppressive effect on Igé
responses to the same antigen (71). The effect was transient how-
ever, and only lasted until the traﬁsferred antibody had been ca-
tabolized, Also, the suppression was most effective when the pas-
sive antibody was transferred within 2L hr of active immunization,
The passively administered antibody could not terminate an existing
IgE response or suppress a'secon&ary IgE response,

These observations are Inconsistent with the events seen when
mice are desensltfzed with multiple injections of native OVA, be-
cause both a pre-existing and the secondary 1gE response were shown
to be suppressed by the treatment, Also, when a secondary chal- |
lenge of antigen is given to sensitlzed animals, high levels of IgE
antibody are maintained in the presence of eﬁtremely high levels 6f
PHA antibody., The foregoing argues sgainst the hypothesislthat the
‘observed suppression of IgE responses b9 administration of multiple
IV injections of antigen Is due to an 1gG antibody medléied mecha-
nism, |

Another hypothesis that might be considered Is theﬂseiectlve
Induction of IgE B cell tolerance, However, in the case of protein
antigens, the induction of tolerance in preseﬁsitlzed B celIs‘has

proved to be difficult to accomplisﬁ (7). Saome recent studies
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have shown that toBeranéé In IgE B cells could be achieved, even
after prior sensitization, by DNP coupled to non-immunogenic car-
riers (62, 75), and that tﬁe dose of tolerogen required for IgE
tolerance inductlion was less than that required for igG tolerance
induction (75). It is not known whether this dosage effect applies
to the induction of IgE B cell tolerance to protein antigens..

. Although the induction of B cell tolerance cannot be ruled
out, the fact that the suppression of igE, which is Induced by
multiple, 1V injections of antigen can.be transferred to other ani-
mals by spienic cells makes this mechanism as the only exblanation
of desensitization highly unlikely and suggests very strong%y‘the

presence of a suppressor ceil,
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SUHMARY

The results of this thesis can be summarized as follows:

1) The suppression of 1gE antibody responses by néouatally
lnitiéted anti-p -treatment showed that IgE-forming cells are de-
rived from the same precursoral cell as are the cells forming
other classes of immunoglobulins,

2) Various ways of lnducing and regulating igE response§ in
Balb/c mice were compared. immunization with alum-adsorbed OVA
over a wide doéage range induced a high aﬁd persistent IgE responée.
Failure to show a transient 1gE response to high doses of antigeh
may be related to the inability of | mg alum to completely resct

with an excess of protein., Immunization with alum-adsorbed DNP-

ovalbumin conjugates produced 2 different patterns of IgE responées '

related to the hapten density. This was thought to be related to
the way In which these conjugates may be metabolized, {immunization
with one injection of OVA with B, pertussis failed to induce IgE -
responses., A new means of inducing IgE responses by muitiple IP
injections of antigen was shown, Also, treatment with neonatally
initiated multiple injections of NRS‘suppressed subsequent immune
responses to immunization with alum-adsorbed OVA, |
3) The selective éuﬁpression of 1gE responses by 3, jV injec-
tions of high doses of soluble antigen given on days 3, 5, and 7

after prior sensitization with 10 ug OVA + 1 mg alum was shown to




75

be due, at least in part‘to the generation of'suppressor cellis In
the spieen, Both antibody titers and the number of IgE producing
cells were reduced to undetectablie levels by this treatment., This
phencmenon was aﬁtigen specific and very aependent on the route of
administration, Whereas 100 ug of soluble antigen was very sup-
pressive when givén IV, the same or 10-fold higher AOSes were only
slightly suppressive when given IP, However, an optima!ly immuno~
genic dose, 10 ug, given IV, Induced significant suppressidn. Sec~

ondary responses were also affected by this treatment,
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