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nonspecific manner. Adjuvants are known, hoﬁever, to modulate .

. . ABSTRACT .
) lmmuﬁological adquants'potentlate both the cell—mediated'and

antibody—mediated arcs of the immune response in an antigen-’

selectively the immune response of various immunoglobnlin classes.

[P

Thus complete Freund's ad juvant (CFA) augments cell—mediated immune

responses and IgG antibody synthesis while at the same time dampens

LA

antibody responses of the IgE class. Bordetella pertussis vaccine and

aluminum hydroxide gel (alum) preferentially potentiate IgE antibody

-}5 N s
respon'ses . N , .

-

The purpose of the present investigation was to examine the

IgE-enhancing effeeti‘of B, Bertussisvunder conditions' in which a
. hapten (Z,A-dinitropbenYI) was.covalently attached to their. cell -

wall, ‘E was expeoted‘that the administration of DN?—E;;Eertussis

. - ' ! . .
. Lt - .

"(DNP—BP) into mice‘would lead to an iﬂoreased oroduction of anti-DNP .

antibodies of the IgE class and efforts coulq.fhen be made to

'ngﬂglate this response at will

COntrary to expectations, administration of DNP BP to ‘CBA mice

» * h

g
w'resulted'in negligible'anti—DNP IgE production following either _
' primary or secondary stimulation, even when DNP-BP was administered

- in association with an additional adjuvant (alum) The inability to

stimuLate IgE antibodies was not due to an.intrinsic défeéct of DNP-BP .

since anti DNP IgG antibodies were exceptionally high and the s

" ' '
' administration of DNB-BF to a number of’ inhwed mouse strains

differing in H—Z genotype showed a cLear segtegation 1n§p low and
high IgE responder phenotypes. Forthermore, immunization of CBA mice
. £ . :

with‘DNP-OA in alum 2 weeks following administration of DNP-BP
- n é
v, t iv .

4
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-resulbed in an- accelerp:ed anti DNP IgE respo&se (day 7). follawed by

—"

"ga drastic (more then 90%) decrease of IgE but not of IgG ant1 DNP
Ievels by day 14—21, The results 1nd1cated that treatment wifh DNP- BP

is capable of prlmxng IgE BamemOry cells but that a powerful 1gE-

selective suppre551ve mechsn1sm folloys, preventing the development
. . Ca
.. oo 9

&

of normal IgE antibody levels.

" The faiiure of CBA micé to giount the exbécced IgE anti-DNP

responsds following treatment wWith DNP-BP and immunizatgon with DNP-

. . . P ' . > .
0A in‘alum,~p;ovided’5he opportunkty !o explore the mechanisms
S &,

P 3 .

‘fnvolved:invthis suppression.

®

The suppression induced by'treétment with DNPtBP'was insensitive -

S

anti—DNP IgE antibody response, following riming of the reciplents

k3

the transferreﬁ

_ w1th DNP-0A alum. Depletlon of T cells fron-

" fn adoptive recipienbsgyiﬁe suppression was Dﬁ?—spebifib; The results

'~suggésted'thnt IgE-selective, haptgn;(ﬁNP)-specific suppression.
operates through T-indenendent'me;hadismsa'a}thoﬁgn-ahelinductibn of .

. these mechanfsﬁs may relyvon an 1ntat£ fbnctional tﬁymus. o ',”f_,

. »*
,

-

BassiVe administration of the serum obtained frOm DNP—BP— e

treated, DNP-OA immunized mice (following depletion of anti—DNP and

kjanti-OA antibodies) did suppress the induction as: well as an ongoing'
aﬂti DNP IgE. antibody respcnse induced against Dﬂ?—OA alum in

o syngeneic recipients.l' ;,‘,""'-, oL e
. ‘- . . M PP B .

_—

v
.



. . . Fufthermore, the tréatmeqﬁ.of‘sucH’sgrumzﬁiqb ;ntifDNP" .
. Antibédies :nhibiﬁed the bindtpg of.;odinatéd-DﬁP;bovinevserum'
élbﬁhin (DNP-BSA) in a radioimmunoassay inhibitien Eegg," :
. * ' ?
demonqtratiﬁg the’aqtiligiOtypic activiﬁy. Thé'anti—}dﬁotybic .

- 1 “

activity was found associated with a serum fraction eluting with the

bulk of immunoglobulins, ffrom sephadex G-100.

Results strohgly suggested the possibility that -.the IgE-

- ; 'ﬁp “selecfive; hapten-specifiic suppression in CBA mice,operate; via
» aiute-anti-idiotypic antibodies directed against one or more DNP-
, . . ¥ - - '
. gpecific predomipant idiotypes. - , ; 1

¥
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1. INTRODUCTION . e .
: S N _ Y
The IgE antibody system has great importance because of its

-

well-established role in the‘pathoéenesis of human allergic diseases.

" Therefore, specific suppression of the IgE response in.an antigen-

specific manner is therapeutically desirable. o .

\ =~ v : * -

' Recent investigations in several laboratories have revealed that

the IgE antibody response operates under the control of unique - °
o ‘ . . ) : R 4
regulatory T cells acting in a ‘complex but highly coordinated fashion

N . (Ishizaka, 1980; Katz, 1981). In experimental animals the production’
of IgE antibodies reaches detectable serum levels only if the .
immunogen is’ administered with certain adjuvants. Among these

L d _—— ~ N
. . . o
N . . - N .

Bordetella pertussis (BP) vaccine and aluminum hydroxide gel (?lPh). N

ere very effectiQe'while incomplete, .and complete fzeund's adjuvént
(IFA and CFA) are not (Revoltella and Ovary, 1969;+Tada, 1975; Katz,
. 1978b) The fa11u%e of CFA to promote lgE antibody production appears

to be as§oc1ated‘hith its property, to stlmulate the productlon vf T

A .
s %5 —

'cell derived regulatory molecules that suppress selectlvg}y the IgE

antlbody response in an antlgen—nonspec1fgc fashion (Kishimoto et *
. : » - : : : -

& .
b . 4 °

al., 1978; Katz, 19783; Katzset al., 1978; Hirashima et al.,.1982).
BP vaccine acts as an adjuvant wifh most soluble antlgens lg
many animal species to.eﬁhanceVIgE‘antibody productlbn mofe v f
effeq‘ively than othgg adjuvgpts (Mota l964; Clausen g%'gi., l;69).
The édjuvant effect of BP vaccine has been attributed to a component

called leukocytosis-promoting factor (LPF) (Morse and Morse, 1976) or .

"Pertussigen”'(Munoz and Bergman, 1977) a protein molecule aSSOC1ated

4with the cell wall of smooth strains, but 1solated usually from

: ) supernatants of older cultures (Munoz et al, 1959; Morse and MOrsé,




- . ., N - -

1976). Various heéhénisms were Prbposed to define the adjuvant effect .
. N . . * -

A o -

of BP vaccine but the actual detailed mechanism of its action
remained obscure (Munoz and Bergman, 1977)f'Hirashimé et al., (1981a,
1981b) showed thgt in Lewis rats, the administration of BP vaccine .

leads to the sgimulation of several lympﬁokines‘which act

synergistically to promofe the production of IgE binding factors
displaying IgE-potentiating properties. In a rgceﬁt sttedy done by

Iwata et al., (1983), the‘role'of ﬁPertussigen" was defined in IgE
production. They showed ;hah,?ertussjgen stimulated the brodhcﬁibn of ...

- v

’ glycosylégion—enhané&ng factor by spleen cells of Lewis rats.

Conversely, administration of CFA leads to the producfion of IgE

T

—

¢ ¥ [ . a ‘
bgqping molecules with suppressive activity,(Hirashima et al., 198lc,
. f < M -
1982). In the final énaiysis thé main difference betweén'the IgE~ o
’ e TN ' ’ . % ’ )
binding molecules with enhancing and suppressive activities could be

"explained by the presence or absencé~of a mannose-rich carbohyd;éte,'

the nthésis of which was found to be_contingent upon theé relative
g; 5. ger P

. *

concentration.of glycosylation-enchaning and glycosylation-inhibiting

lymphokings‘kXQGOi et al., 1980; ﬁitashima'gg ﬁl" 1981, 1582). In~a ) .
sepa;ate’senies of investigations Kishihoto'gg al., (Kishimoto é&
al., 1976, 1978; Suemura é& al., 1977;*Sugimuré et al,, 1982)fshowed 4
that mice injected with dinit;éphenyl (DNP)- of phorsﬁhorylgholine

(pC)- coupled Mycobacterium tuberculosis produced'IgE-selective T-

supéressbf‘célls and suppressive mo
was antigen-nonspecific but required hapten—sﬁecific restimulation of
the T cells. The presént investigation was initiated with 'the hope

> ’ . : ;

that administration of diﬁitrophenylathdagi éértussis'(DNP-BP) as a
. ~ - ‘ _

lecules. The suppressive effect

e -

)
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".cghjugate would induce high levels of anti-DNP IgE antibodies in

&
T : Lo
. Q‘ni:cé.,‘_,_Ef-fgrts' could then be made to therapeutically.regulage the IgE
_:iésponsé in an ‘antigen-specific manner.

» .
The results will show that contrary to our expectatior CBA mice

immyniied with DNP-BP inialum produced no or negligible anti—hapten'

IgE response was not

‘IgE antibody responses. The failure to mount a
- . A . ‘ R

attributable to an intrinsic defect of the antigen (DNP-BP) since,
excellent levels of IgG antibodies were consistently detected;
moreover, a clear pattern of good_and poor respofpsiveness with. |

respect to IgE antibodies was observed when several inbred strains of

mice were immunized with this conjugate. Pretreatment of CBA mice

with DNP-BP resulted in suppressed anti<DNP IgE but nét 1gG responses

following conventional immunization with DNP-ovalbymin (DNP-0A) "in

alum. However, the suppréséion was hapten-specific) apparently

independent of T cells, appeared relatively late and followed the

v ) £ . s I3 s .
appearanceé in the serum of auto-anti-idiotypic activity- .
. . e ? . 4 w N
. >~ )
. .
. .
. - .
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2. HISTORICAL RE%ipW
) ~‘\ .a A,
In 1921 Prausnltz and Kustner flrst demqnatrated that 4

®

anaphylactic sen51t1v1ty could be transferred locally by the serum

frqm a-sensitive patient into the skin of a pon-sensitive individual.

FolioGing_parefnl studies that assocjated IgE'hith éntibody;mediated

. skin sensitizing activit Ishizaka et al., 19663, 1966b;+ Ishizaka
- g y ana—— .

0

and Ishizéka,‘1967), a variety of cfinical manifestations were . shown

to be mediated by thxs 1mmunoglobu11n (1g) class (Butcher g_‘_l.,
1976; Maccta et gl.,\1976;LChan-Yeung et 31,, 1978). These include
‘o" ‘ - ., I " N !

extrinsic asthma, hay fever, rhinitis, urticaria and many drug and

occupational allergies. The disooneryéof IgE antibody as a carrier of

reaginic actiﬁity opened new évenuéﬁ for immunologists, to understand

A ~ )

u -
. »

the mechanisms involved if its regnlatlon and to find out the means

‘to control its production. oov
Most of the basic information about IgE antibodies became

‘

~

avaxlable from the studies done with sera from at0p1c pat1ents. T

. f B "- v -‘

JohanSSDn and‘Bennich (1967) accidently discbvered an atypical -
- (]

(myeloma) Ig from a patlent, subsequently ident1f1ed as gamma E

Kl

‘globu11n (Benn1ch et al., 1969), and provided an opportunlty to study

it in detall o -

W
C - .
. e M >

e N

B -y

2.1 Anlmal Models For The Study of The IgE Responsas.

«

4

Yo Mota (1964) and B1nagh1 et alp, (1964), flrst demonstrated the -

K

‘pfoductlon of reaginic antibodies in rats.by immunization with
A}

antigen in association with B. pertussis vacc1ne. Though the IgE

antibody ‘was§ also indiced: in various other experimental animals by~

several invest1gators (Zvaifler et al., 1966 Rockey et al., 1967 5

- i
. ’ : AT 24

i : ' B
. . . . - 2
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MOta, 1969 We1szer et al., 1968 Revoltella and Ovary, 1969; Clausen'

et al., 1969- LeV1ne et al 1971° and'Hammer et .al., 19717, the

earlier 1nvestlgations ‘had proved thatVeenerally the patterns of
ant1body productlonoobta1ned differed str;kjggly from that seen in .
spontaneous human atopic dlseases.‘Bevolqella and Ovary (1969)’d1d'a
cOmpaYatfve study on IgE anti;od; production in dtfferent mouse

» ! . ﬂ\ . i

-
’ns and found that mice 1mmun1zed under 1dent1ca1 cond1t1ons

sultablygspaced, repeated m1nute doses of potent 1mmunogens together

.
- -

with an appropr1ate adjuvant (Lev1ne and Vaz, 1970). Some of the

fundamental knowledge regardlng IgE regulathn was obta1ned from the '

Studles done in the mouse and rat. Among these two, however, the

mouse systém- has provided the best experlmental model to study the

' regulation of -the IgE response (Ish1zaka, 1982) Occurence of high

and’ low IgE'responder Strains-of ‘mice (Revoltella'énd Ovary,-1969)

—

1dea11y represent atopic and non-atopxc human populat1ons.,1t was_

thus pogsible to study the basic mechaniSms 1nvolved in IgE reponse
.

and the subsequent studies were directed towards the search of .
L]
"
immunological means to prevent and suppress the IgE induction

.
. -

selectively. .

-
-

P} e

A
Iy

It has gra ally been established that the route of inJectlon,

dose and physica ate’ of the antigen, the adjuvant employed and the

animal strain,under st dy, are some‘of the very important factots
which influence IZE antibody productiog (Clausen et-al., 1969, 1970;

Revoltella and Ovary,{1969; Levine and Vdz, 1970; Vaz ‘¢t al., 1971)

»

) -~ o
bobsterable IgE response in hlgh responﬁer strains of mlce employing

-01

L]

- v




lezush1ma et al., 1979) were used as adjuvant to potentlate the

_reéginic antibody production in laboratory animals. Furthermore, the -

Adjuvants play a , crucial rdle 1ﬁ the stimulation and diodulation .

'a,a?. . '
of the IgE antlbody response in experlmental an1mals. Immunization of -

rodents w1th soluble antigens WILhOUt aqlugant failed Lo.elieit IgE "

. . ' . ‘m ) ) B
responses (reviewed by Ishizaka, 1976). Howé&ver,. more recent etudies -
(Taylor et al., 1980; Holt et él., 1981; Kudp et al., 1981) heve L

documented the induction ‘of persistent and boosterable IgE response
in inbred mice, emplo&ing soluble proteiﬁ antigeﬁé administered & 5~
w1thout adjuvant. B. p_ertusms vaccine 'Mota and Pelxoto, 1966; Suko

et %1., 1977{ and B. pertussis extracts (Clause . i: 1., 1969 1970!' A

——— S——

Tada g_ _l., 1972; Lehrer et al., 1975 Munoz and- Bergman, 1977 s " .

.

-

.' . . ‘. .\- . . * »
adjuvant effect of A}.(OH)3 for the enhancement ‘of IgE antibody; _—

response was studied in various mouse strains (Levine and Vaz 197Q).
- - N . Wy _ ! @

X

Several other adjuvants have also beel employed to -potentiate the IgE M L
résbonsé. These include bacterial lipopolysaccharides (Perini and
Mota, 1973; Newburger. et al., 1974; Denneman and Michael, 1976), A e

-

Bacillus SUBtilis (Malkiel and-Hargis, 1971), Silica~(Manc}no and

Bevildcqua, 1978, 1979; Mancino and Ovary, 1980), bacterial cell wall T

peptidoglycan and synthetic N-acetylmuramyldipeptide (Ohkuni et al., B -
51977).'Howeﬁer, alum and BP vaccine are still considered the
adjuﬁanis of choice. These two aéjuvants not only;potentiate IgE .

- - ~2
. . -

p}oduetion but also have enhanc{ﬁg effects on 1gG antibody o -

production. Conwersely. CFA was fopﬂd’ineffective in eliciting lgé -

responses despite its strong adjuvant activity-for IgG antibody

L 3

redponse (ﬁpta, 1964; Clausen, 1969; Tada, 1975; Katz, 19§8b). On the
contrary immunization of mice (Tung et al., 1978) and.rats (Tada et . =
, ’t\ . . . . .

- . N ’

¥
B
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il.} 1972) with antigen in CFA resulted in the geﬁeration of IgE-

s . - N . . -

© ¢ selective antigen-nonspecific“suppressor T cells, Itaya et al.,
. t . . N — —

(1980) showed the suppression of both IgE and 1gG immuhoglobulin

- N @
- )

isotypes iﬁ\animals previously injected with CFA alone, upon .

-

subseguent immunization with hapten-carrier conjugate din alum.

However, recently IgE~production1has bgeh reported in'auquﬁihbred,' C .
> - . <yl .

scrajns of mice follow1ng immunization with soluble antigens in

®

association with CFA (Kudo* et al., 1982 leanb and Ovary, 1983).

LY
. . - -

‘ . . - « . PO s B LR
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} " - »
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2.2 Gedetic Control of the IgE Aritibody Kesponse: - . L

During the studies done by Revoltella and Ovary (1969); Lgyine';

— ———

) - PR Y. .
and Vaz, (1970) and Vaz et al., (1971), on the immune i’leﬁpc:msi'\)feness,sgr ‘

tor

of various strains of mice, it was revealed that:the IgE antibody.

-
) °

‘responses are under genetic control, linked to the 'H-2 major  °.

1

histbéompattbilify complex- (MHC). Subsequently Lév;ne and Vaz (1972)

¢

: reported that at least in their experimental system genetic cantrol *
» »

had oniy lictle correlation with the H-2 complex or with the
. ‘ _ ‘ . R .
iﬁhunoglobulin allotypes. In man Marsh (1976) showed that the extent R

v
.

of the reaginic response appeared more cortelated with the.total -

-

concentration of IgE in the serum than to the control linked to the

- ,HM system. Differences in mounting an IgE response between rats of

. L]

inbred strains have also .been noted by many i;vestigators (Mutphey et \ .
‘gl;,.1976i,Pauwels et-al., 1979; Yoo and Kuo, 1980). . ’ qf':

It was, tﬁerefore,'suggested that IgE antibody formation is

under the genetic control but involves many separate gengg\and that

not all belong to the MHC (Bazin et al., 1981; Bazin and Pauwels,

"1982).
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2.3 Cellular Interactions in the IgE Production: -

s .

It has been well—est;blished that the IgE antibody response is

* strictly thymus-dependent. Michael aud Bernstein (1973) showed that

‘e > » . .
the IgE response cannot be induced in nude mice. The studies with

neonatally thymettomized mice further provéd the thymus "dependency of
the IéE formation (Nomoto et al., iQZ?). Moreo’éf, T-independent
antigens PNP-salmonella (Shinohara and'Tada, 1974) and DNP-Ficoll

(Watanabe et al., 3977; Santomauro and~0vary; 1980) were found

incapable of mounting an IgB response in micg. On the other hand a

substantial increase in'IgE bearing cells in the spleens and lymph '

.

. ‘odes’ ofe neonatélly thymectomized rats was noted following infection

by ®he nematode Nippostrongylus brasiliensis, suggesting that T cells

-

“ .

are not required for the generation of IgE B cells (Urban et al.,
. . L’ : T

; 4 - . v A
1977). 1t was clearly demonstrated that although hapten-specific B

cells éoyld be primed with T;depeﬁdent or T-independent antigens in

~

athymic (nu/nu) mice, the participation of T hels;r cells- was

R ‘ R

essential for the development of I1gE B—mémory cells atd for their A

differentiation into IgE forming plasma cells (Okudaira "and Ishizaka, T

-

1975; Urban et al., 1977; Okudaira et al., 1980).°

. L R «
<« Using the hapten-carrier conjugates as an immunogen the actual
. - . ) N

mechanism of ‘cellular cooperation for the induction of immune

'

response was studied in laboratory animals. 1t ha een*known for
, L X P

* ~
many years that the secondary response to @ hapten requires the

hapten to be presented on the same carrier molecule which was used

for the priming. This is known as ''carrier effect' (Ovary and
Benacerraf, 1963; Katz 35131.; 1970;'Mitchisoq, 1971; Rajéwsky,
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°

197i), This carrier effect was also established for the IgE responses
(Tada and Okumuta, 1971b; Kishimoto and Ishizaka, 1973; Okudaira and
Ishizaka, 1974; Kojima and ovary, 1975).

Collaborétion between carrier-primed T helper cells and hapten-

“

-,

primed IgE B-memory cells was demonstrated both by adoptive transfer

experiments (Hamaoka'et al, 1973, 1974) and in in vitrd cultures

(Kishimoto and Ishizaka, 1973; Kimoto et al., 1977). DNP-Ascaris —
(DNP;Ade primed raﬁbit mesenteric, lymph node (MLN) cells,

restimulated~in-vitro with the same hapten-carrier ‘conjugate, were
T .
able to synthesize both anti-DN® IgE and 1gG antibodies. However,
4 .

when DNP-ragweed antigen (DNP-Rag) was used to restimulate MLN cells,

ng antibody production occured. This’ study was further extended. and

L

it was found that if a supplemental injection of alum-absorbed

.

ragweed antigen was given t0 DNP-ASC-primed rabbits one week prior to
the cell culture, both DNP-ASC' and dNP—Rag stimulated IgE in vitro. . ¢ '

In contrast when a supplemental injection of régweed antigen wad
. = R .
given in CFA instead of alum no IgE respomse occured, but IgG
P ¥ 4 s ' . .
antibodies were produced. It was, therefore, suggested that T helper

[

cells for IgE were distinct from the T helper cells for 1gG _.

production (Kishimoto and Ishizaka, 1973). .

In an in vivo system in mice Hamaoka et al., (1973) did a

- A v

similar experiment. Hapten-primed B and carrier-primed T cells were

% N - .
co-transferred into x-irradiated recipients and challenged with an -

appropriate. hapten-carrier conjugate. The récipient showed enhanced
secondary IgE and 1gG responses. When animals';ere carrier primed in

association with CFA; however, no suppressjon of I1gE was observed. In

their system, T cells primed with antigen either in CFA or in“alum,

Eo
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collaborated well with hapten-primed B cells to mount IgE and IgG

’

responses. In subsequent studies (Okudaira and Ishizaka, 1973;

NewEurger EE'EL" 1974; Ishizaka and Adachi, 1976) it was shown that

[
~ .

adjuvant was not required for the priming of.T:helpef cells for IgE

and 1gG antibody responses.

.
.

. Based on these fiﬁ%&pgs Katz et al., (1974) postulated the

»
presence of distinct sensitivities of IGE and IgG B cells to the .
regulatory influences of the same T cell populations rather’than the

existence of different T cells for different Ig classes as suggested

-
-

earlier by Kishimoto and Ishizaka (1973). Furthermore, pell—ffee

supernatants collected in vitro from the cell primed in vivo with

factor in both supernatants, while IgE potentNating factor was
' . .

.

detec{ednonly in alﬁm supernatant (Kishimoto and Ishizaka, 1975).

Kimoto et al., (1977) established an in- vitro culture system for

Kishimoto and Ishizaka (1973), regarding distinc

ve helper actiwity
following priming with antigen in CFA or in alum. Mice were carrier-
. [} ' ¢

primed with Ascaris in the presenc#®of alum or CFA, their spleen

4

cells were mixed with the same DNP-OA primed cells. Each of these

P

. mixiures were stimulated with either DNP-OA'or DNP-ASC in vitro. The

results obtained clearly showed that T cells 4timulated by antigen -

administered with CFA hadqhé}per activity for £gG anfibpd; respOnée
pyt~were deficient in providing help fpr‘IgE antibody'respén;e.
:The conflicting'results qbtained in different lahoratories on
gzis subject.were considered prob;bly dué to the'differengxin the .
. . : / .
experimental systemé?(lﬂ Xixé.ys in vitro studies), rather.than due

’
- ~ -



"te spacies differences (Kishimoto, 1982). In féct, the existence of

separate T suppressor (or helper) cells or factors .for IgE and 1gG

. ' . ‘ ’
.doés not necessarily preclude the concept of distinct sen¥itivities
“of_IgE— and 1gG-B cells to the same T cell influences. -

.

2.4 Régulation of the IgE Antibody Responses:

¢ LY ’ r
Studies done in . the last 15 years revealed that the IgE antibody

. . B »
response is regulated by antigen-specific and nonspecific mechhiisms.

Levine and Vaz (1970) showed that some strains of dice produce a

considerablé amount of IgG antibody without mounting an IgE response
. »

to conventional antigens. Studig€ done in several laboratories showed .

7 3 T : '
. that sublethal irradiation or tfeéatment with moderate doses of |,

cyolophosphamlde prior to immunlzatlon enhanced lgE ant ibody

-
-

productlon 1n mice (Ch1orazz1 et al., 1976; KOJlma and Ovary, 1976
. -

Schwenk et al., 1979). Results suggested that enhancement of the IgE
- o .

- . ’
response was due to depeletion of nonspecific suppressor T cells

which exclusively reguiate IéE ahtibody response. Furthermore,

- .
-

'stpdies on the‘éffect of x-irradiation on the production of IgE

aﬁtibody‘and other Ig classes in mice revealed that IgE, IgG and IgM

antibodies are regulated by separate mechanisms (de Macedo and Catty,

1977). Tung et al., (1978) and Kitz and-Tung (1978) extended these

” ] -
studies and detected a soluble, antigen-nonspecific factor, capable -

T

. of'suppfessing IgE(resbohses'from the serum of low IgE responder .

-, ' . . . .
mice. TH$ suppressive activity of the serum was ingcreased following

injection of. CFA 1nto the corresponding mice. Subsequently they ,

showed that the serum and ascites of CFA-treated mice contained not

]

onlythe suppressor factor'bu; also a soluble'factor capable of’
+ . - ’ : . e . ' . ’ s »
* .
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enhancing the 1gE response selectively (Katz.gg al., 1979).

. s

Furthé}moré, they showed that, the suppressor factor could be obtained

-

~ from both high and low‘responder strains, and exerted a selective

effect on the IgE response across MHC barriers (Katz et al., 1980).
Parasitic infection and elevation of serum reaginic levels in
both man .and ghimals is well documented (Cocca, 1931; Johansson et

al., 1960; Sadun and Gore, 1970; Jarret, 1974). In rats and mice the

most commonly used parasite to potentiate IgE levels are

Nippostrongylus brasiliensis (Nb) :(Orr and Blair; 1969; Kojima and

Ovary, 1975). Trichinella spiralis (Mota‘gg al., 1969; Rivera-Ortiz

[

and Nussenzweig, 1976) and Ascaris suum (Mitchell, 1976). Strejan and

" Magsh (1971) and Strejan et al., (1973) have shown that Ascaris suum

antigens are very potent immunogens for the stimulation of IgE

“~

response in comparisdn to several other soluble protein antigens.

s In-a series of experiments Ishizak@léE{sl., showed the effect of
. ,

nonspecific stimulation on IgE production. In an in vitro culture

system mesenteric lymph node (MLN) cells of DNP-OA-primed rats
4 .
cultured with the hbmologous antigen in the presence of T cells from

[

Nb infected animals showed an enhanced IgE-sélective response of the

o
DNP-OA primed cells without affecting IgG forming cells (Suemura and

Ishizaka, 1979). The production of IgE potentiating factor by T cells

. from Nb infected rats was suspected. Subsequently an IgE potentiating

L4

factor was isolated by T cells of Nb infected rats (Suemura et al.,

,
1980; Yodoi et gl.,}1989) and characterized. It was found that the

“target of IgE potentiating ‘factor was the IgE bearing cell (Suemura

et al., 1980). Yodoi et al., (1980) suggested that IgE-potentiating

factor was derived from FCER+ T cells. .

r

12
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The éroduction of IgE binding factors was also rep;rteé when
rats were injectéd'with~either CFA or BP vaccine. The factors
produced by the MLN cells (Hirashima et al., 1980) and by the sp}énic .
lymphocytes (Hirashima et al., 1981c) of CFA treated rats h;d
suppressive activity for ILgE. The same suépfegsive activity was also
found in the serum of CFA;tre;ted rats (Hirashima et gl.; 1980).

Though such serum-also contained some IgE potentiating factor the

activity of the suppressive factor was mich greater than the

potentiating factor (Hirashima et al., 1980).‘06 the other hand the

. &
IgE binding factor produced by the lymphocytes following the

treatment of ratjs with BP (Hirashima et al., 1981a), Per&ussigen or

Con A (Iwata et al., 1953)'héd IéE—potentiatipg activity. Recently
, . \ 2.3 o
the production of IgE binding factors (containing both thg{p@hancing

and suppressive activities) by mouse spleen cells following
N .
stimulation with homologous IgE and interferon has also been reported

(Uede et al., 1983).
It is well-established that IgE antibodies play a crucial role
in the pathagepesis of human allergic diseases. Efforts have been

made to control and suppress the undersirable production.of IgE

13

antibodies, Most of the work on this aspect was directed towards the

.

induction of tolerance in B or T cell compartments, towards induction

3

of antigen;spedific T suppressr cells and the induction of anti-
. .

idiotypid antibodies.

il

Tolerance,was induced (with or without the induction of T .

I\

suppressor cells) in several ldboratories by the administration of

hqpten—coﬁjugated to nonimmqnhgen@c copolymers of D-glb;émic acid-D-
. 3 : ) ‘

lysine (dGL) or to polysaccharides (Katz et al., 1 jWatanabe et -

" .

v ..
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al., 1b77; Moreno et al., 1978; Mutahasi, 1979) or protein antigen
.coupled to dGL copolymers or polyethylene glycol (Liu et al., 1979;

Lee and Sehon, 1978). The studies on the immunosuppressive effect

%

_induced by hapten conjygated Q:nimmunogenic carrier (isologous

'gammaélobulins) were initially started in Borel's and Schon's

laboratories. These conjugates were injected into various animals and °
. 4 ’ L} .
a long lagting immunosuppression was demonstrated (Katz and Borel,

1978; Filion et al., 1980).

'. Liu et al. (1979) studied the effect of 0A and ragweed

L a

- v

cohjuganggrch administrationhof IgE production in mice. They were

. >

able to show the suppression of primary and secondary IgE resﬁonses

in such mice but ‘failed to define the mechanism. Neither the

~

induction of tolerarice in B, cells notr the presence of antigen-

»
+

specific shppreésor cells could be confirmed. While using DNP-dGL as

Eolerogen Katz et al. (1973) demonstrated the’EOmpléte suppression of

ﬁrimary and secondary anti-DNP antibedy responses following

immunization with DNP-OA. Furthermore, treatment of immunized animals

. . \ ]
) ™ with DNP-dGL resulted in abrogation of an ongoing antibody response.

. The mgchanism operated via inactivation of hapten-specific B cells

without the involvement of T suppressor cells. Similar results were

'obLained when mice were treated with DNP-conjugated polyvinyl alc6h01

.~ - (DNP-PVA) except in this case inactivation of B cells was also
'y < ' .
associated with the appearance of hapten-specific suppressor T cells

for IgE and IgG antih.ﬁy classes (Hubbard g&'ﬁl.,‘f981).

. ' Another approach to regulateithe IgE responses to protein
. "antigens invo@yed the manipulation of T cells, which are strictly
+. - required for tHe induction of IgQE responses.. Administration of urea-

PR

~ .
: ’
‘ '
P . “
.




denatured ragweed antigen E (UD-AgE) in primed and norprimed mice

’ . resulted in‘IgE antibody suppression, while the ggﬁe dose of native
.antigen E failed .to.suppress the antibody response (1shizaka et al., .

-1974). 1n subsequent studies injection of UD-OA into OA-primed mice

not only suppressed the response to the priming antigen but also .to

subsequent injections of sensitizing antigen DNP-0OA. Antigen-—specific

T suppressor cells generated in UD-QOA-treated mice were shown to be

3

responsible for'the suppression (Takatsu\andmlshizaka, 1975, 1976). -
. L 4

Lee and Sehon (1978) converted an immunogen OA to nonimmunogen Qr

tolerogén by treating it with polyethyleneglycol (0A-PEG). Basically,

Ishizaka's UD-0A and Sehon's OA-PEG containdd very similar
. . ' R

immunological properties, with‘respect to the loss-of major antigenic
.determinants and the ability to induge suppresso} T cells.

Modulation of the IgE antibody response to BSA by the frégments
of the antigen (peptic fragments) (Muckerheide gg‘éil,‘1977) was

. L4 . : N . - . .
reported in mice. This suppression was attributed to the generation

of'gntigen-épecﬁfic T suppressor cells. When this peptic fragment of

-

BSA was ,conjugated to homologous mouse gamma.globulins and injected

to mice it proved more efficient in suppressing IgE to the intact
protein than free fragments. This conjugate affected B lymphocytes

without T cell involvement (Muékerﬁeide, 1981).

@

Schwenk et al., (1978) reported an antigen-specific, IgE- °*

selective suppression in.B mice which were first treated with

6721
DNP-liposomé and ‘then immunized with DNP-OA. The results were

attributed to the possible interaction of the DNP-specific receptors

(on the appropriate lymphocytes) with the ronimmunogenic DNP-liposome:

conjugates. From our laboratory éolby et al., (1980) showed IgE




suppression following treatment of CBA micé with deaggregated OA. The
results demonstrated that the T cell dépepéent Folerance'of the igE
antibbdy response operated via two distinct aechanism, of which only
oﬁe was provided by suppressor cell functioﬁ, the other ‘was through T
c;ll tolerance. In a more re;ent study Hayglass'and Stresan, (1?83)m
have reborteﬂ that pretreatment of CBA mice with glutaraldehyde-
polymerized'ovalb%mih suppressea the'iqduction of IgE antibody
reéponse-followiﬁg imﬁuhization witﬁ native dA. This syppression was
antiéen-specific, IgE-selective and mediated by T suppfessor/cellé.

Administration of conjugates of ovalbu@in—pullulan kUsui and
matuhasi, 1979) and ova%bumin—Ficolr (Carter, 1980) alsé had
suppressive effect on the i;duction of IgE antibody response in mice
to the subsequépt immunization with native ovalbumin. This
suppre;sion in béfh cases was antigen-specific and IgE—selective and
me&iated by antigen-specific T suppress;r cells. . '

An antigen-specific IgE seléctive suppression wés shown gn
BALB/C mice by pfetreating‘them with fatty acid (palmitic ;cidf
modifié& ovalbumjn (OAfPal) upon subsequent immunization with
unmodified antigen OA (Segawa et al., 1981); Pretreatment suppressed . .
both primary and seconéary anti-0A IgE Agsponses. Furthe;more, "
treatment of mice wf@h‘OA—fal follo;ing priming, abrogated aﬁ ongoing
IgE response. The mecha&ism was.operating‘via anﬁigen;specific
suppregso; T‘cell;, generated following treatment with
hydréphobically modifieq angigen. .
ﬁecently Chen a;d Katz (1983) -induced IgE dlass—épec}fic .‘,

tolerance in both high and low IgE resipnder mice by neonagal

adminiét;ation of soluble or cell-bound IgE.'Their results showed

g ! .

. " ’
L] . -
} | ~ ’ :
v ’ -~




" that high responder mice developed 1gE class-restricted tolerance

(4

* -

“upon repeated neonatal injecltions of.soluble’IgE but not by IgE-

64

N

copjugated splenocytes, while low IgE responder mice exhibited

tolerance by either form of IgE injected. It was sdggested that non—

- antigen-specific, isotype restricted tolerance can be induced in the

-

IgE antibody system. ’ . , .

The presence of IgE isotype-specific regulatory T cells have
been suggested by many iﬁvestigators in several experimentaf systems

(K&shimoto et al., 19763 Itaya and Qvary, 1979; Segawa et al., 1981).
° - —T}g— N ~ — ——
However, the conclusive gvidence for the existance of sgph cells was

provided by Kishimoto et al., (1976) in DNP—mylbbacﬁerium-treated

BALB/C.mice. The findings that priming of animals with carrier

. - .

antigen-included in CFA induced carrikr specific helper T cells for

. ' , ‘
other Ig classes excluding IgE antibodiés suggested that CFA

[

immunization may be related to the induction of IgE class speci;ic-

»

suppressor T cells (Kishimoto antd Ishiiaké,'t973; Katz et al., 1974;

v

Kimoto et al., 1977). Moreover, Mota (1964) demon;trated that CFA

immunization did not induce the IgE response but rather reduced the
te

. o ”

ability of the same animal tQ‘élicit‘IgE antibody'reéponse to the

same antigen.
On Ehe'basis_of these observations, Kishimoto et al., (1976)

decided to use Mycobacterium, which is an integral part of CFA as a
carrier molecule.foria haptén—ca;rier conjugate (DNP-Myc). Results-s.

) -

obtained by these investigaforg provided strong evidence for the

existence of IgE élass-spéélfiq regulatory T cells in the spleens of
DNP-Myc treated BALB/C mice}(Kishimbﬁo et al., 1976). These T
. ) .

suﬁpféssor cells were hapten (DNP)-specific., Thig study was extended

- . a . «

e

4 .



"~ further and Iéﬁ-sélective suppressive effect was demonstrated in’an.
. ) ( D
in vitro culture system. Cell free supernatants obtained from the

.

culture of DNP-Myc primed spleeﬁ.cells after in,vitro restimulation
with DNP- on a heEeroldgous carrier-pulsed hacrpphééés.or DNP-human,® ,

serum albumin (DNP—HSA)-cqppled7éephargse, contained the suppressor
- Y i ’

- activity. The suppressive effect of the supernatant was, antigen-

.

-~

nonspecific but restricted for IgE Ig class (Suemura et al., 1977),
> o ' 2= A

. . A S,
although DNP-specific¢ restimulatifon was required for its induction.

s

. - In subsequent studies these facters (IgE-TSF) were further ,

characterized. Itrwag shown that I1gE-TSF contajned the H-2 gene
! .Rroducts and did not exert their functions agross H-2 barriers.
' - 4 . 4 ‘ y . .

.Moreovér, abéorpiion experiments of IgE-TSF with DNP—OA.primea B

lympocytes and the adoptive transfer experiments revealed that the

. ,térget cells for the factors.are IgE B 9e11§ (Kishimoto et al.,

)

1978). Furghermore,'DNP—réactiye, IgE-selective suppressor T cells

"were fused with a T lymphoma cell line and a T.cell hybridoma

secreting IgE class-specific suppressor factor was obtained (Watanabe

et al., 1978). } :

. ~ For the direct compariifn'of the I1gE and IgG antibody responses,

an lgE-specific reverse plaque forming cell assay was~establiéhed

-

'(Suemura et al., 1981).' The IéE selectfve suppressive effect of IgE-

.
-

TSF'was‘ponfirmed by in vitro calture system. Moreover, by spécific

absorptioﬁ techniﬁue it was shown‘thaL~IgErTSF had .binding sites for.
. : . . f - - .

)

1gE and H-2 gene products (Sﬁemura et ai, 1981).. =

These results éuggested‘the possibility that administration of

mycobacterial cells conjugated with allergéﬁic determféants,might

induce lgE-selective suppressor T ceilsL“Siﬁcé N~




acétylmuramyldipeﬁtide,(MDP) has been known to be the minimum

L
IS

structure reQuirea for adjuvanticity in peptidoglycan of bacterial ’

-

-cell walls (Ellouz ‘et al., 1974; kotani et al., 1975), the effect of

— —

4

. * ’
pretreatment of DNP-lysine-conjugated MDP on the generation of anti-

DNP IgE response to DNP-OA was studied in BALB/C mice (Kishimoto et

al., 1979). By using such conjugate they were able to confirm their

-

previous fiﬁding (Kishimoto et al., 19%6). Instead of DNP, when mice
were pretreated with OA-conjugated MDP the suppression was less

=
Y

effective as compared to DNP-MDP. Their reﬁgl;s suggested the

possibility of the therapeutic application of allergen—cénjugated MDP

in human atopic diseases.

Recently Kishimoto et al., (19&1) induced phosphorylcholine-

v ’

specific, Tle{diqtype beg;ing T ce}\s in BALB/C mice by ihjecting ’

~ them with PC-conjugated Mycobacterium tuberculosis (PC-Myc) and

showed the involﬁement of these T celis in the regulation of IgE

w

S . . .
antibody response in an antigen-specific mannmer. Following treatment

- with PC-Myc mice failed to mount anti~PC. IgE response upon . .“

k] » ! - . - .
imnunization with PC-KLH. Mice pretreated with PC-Myc showed
- . ,

suppressed anti-DNP' IgE responses only when challenged with PC-KLH-

v ld

. DNP éonjugate but ndt,hhgn challenged with DNP-KLH (Kishfﬁoto et él.,

1981). In a more recent report~(Sugihura‘g£ gl., 1982), PC-Myc primed

splenic T cells were hysgidizéd with T lymphoma cells. Two diétinct

typeé of'hybridpmas'wére Bbtained, one was Pc?spebﬁfic and produced
solublé factors.with suppreésive activity on anti PC IgE and IgG
a4 ‘ ' . ' e

reiponsés while the other was antigen-nonspecific and provduced

’




- ;
/ a

factors with IgE-selective suppreésive effects. Their results

. suggested the invplvement of two distinct subsets of T cells for the

PR
-

expression of the IgE suppression, .

* This stucdy was continued further and the effect of these two

factors was shown on IgE secreting B hybridomas in vitro (Suemura et

. al,, 1983). They showed "that the prépo}tion of surface LgE'poéitive -
cells as well as the number of ‘cytoplasmiec IgE positive cells was

reduced when IgEisecreting hybridoma cells were treated with IgE-
N ’ 7’ 4 .
selective, T-suppressor factdi@{(TSF). On the contrary the treatment
. . . _
/j// with antigen-specific TSF obtained from PC-specific’ T hybridomas did

. .not show any inhibitory effect. Morekover, it was shown that IgE-TSF
i . - - . .

had.affinity for the IgE bresgnp on the surface of B hybridoma, -while
. IgE-TSF failed to show any suppressive effect when the surface IgE

~

. was blocked by anti-IgE antibodies.

- \

Kato and Yamamoto (1982), showed thaﬁ immunization of C3H/He,

-

C57BLY6, BALB/C and DBA/1 micé with large doses'of_DNP-conjugatedm

baciAus Calmette-Guérin (DNP-BCG) by i.G;,-?.p., or s.c. route

sulted in the production of 1gE antibodies while SJL mice failed to

AN LY
)

mount such a response. The conflicting ‘findings on the role of CFA in

IgE production can perhaps be explained on the Basis of the genetic

backgro?nd of the experimén;al animal. .

-
> .

) Among various other approaches which have been applied‘to
abolish the induction of to abrogate an ongoing- IgE éntibody‘fesponse

was the induction of anti—idioﬁypic antibodies. Tdiotypic anti- L

idiotypic interactions have been shown to contribute in the '

-

regulation of the immune responses in eéxperimental animals (Eichmann
B ' . ‘ I3

'

and Rajewsky, 197§; Kohler, 1975; Sy et al., 1979). However, the T

. ' | ‘ ," “'. | : | | \ .

o0 . .
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investigations to reguiate the IgE antibody response by anti-

-

idiotypic antibodies were initiated in de Weck's laboratory a few '

’

years ago. Studies done with phosphorylcholine (PC),

-

benzylpenicillolyl (BPO) (Imanishi et al., 1975; Blaser et al., 1979,
' ) '
1980) and with a synthetic antigen L-glutamic acid-L-~lysine-L-
- tyrosine (GAT) system (Dessein et al., 1980) Have-revealed that IgE

antibodies share dimilar idiotypes with other immunoglobulin (Ig)

isotypes. Thus far, experiments done in de Weck's laboratory, both by

actively produced or passively administered dsologous anti-idiotypic
antibodies (against the idiotypes present on BPO and PC binding

antibodies), have revealed that the regulation of antibody responses

by anti-idiotypic antibodies is a potential way to manipulate the

}mnune response in an antigen-specific maﬁner (Blaser ;nd de’ Weck,
1982). This could be easier in situations where the response to. an
aﬁligen is restrizted to a‘éergdin idiotype. Since IgE antibody i;
exquisitely s;nsitige to the positive and ?egatiée effects gf
}Egulatorf'mechanisms, its production can be modulated by the

) pfocedures whiéh\have very littli’or no effect on otger Ig classes.

. Indeed Blaser gs al., showea an intensed suppressive effect on IgE
_antibody ?esponses‘(bbth»priméry and an ongoing) as'compargd'to other
Ig isotypes ?y‘aptf—idiopypic antibodies (B{aser et al., 1981a;

- Blaser afd de Wecé,'1982). Iﬁ atdpic ind}vidualsAsuqh specific

| supp;ession of 1gE response is highly desiraﬁle. It is hopéd that thé

A

goal to cure and protect man from allergic diseases will soon be

.

achieved.

.




3.° MATERIALS AND METHODS
' ®
3.1 Animals:. | - - ‘ "

Inbred CBA/J (H—2k) male mice, 8-12 weeks old, were used
throughout these studies, except in a few experiments where other
strains were compared. These were 8-12 weeks old A)J (H—Za), B10/SgSn -

a by, v d d ' k
(H-2%), C57BL/6J (H-2 ), BALB/CJ (H-2), DBA/2J (H-2"), AKR/J (H-2")

and C3H/HeJ (H—2K) of both sexes. All mice werejp

L

2.5-3 Kg were obtained from M and P Commercial Rabbitry, Ayr,

chased from Jackson

\
.Laboratories, Bar Harbor, Maine. White New Ze rabbits weighing

s '3 P

Ontario. SﬁEagungawley female rats (retired breeders) were obtained

. . <
from Charles-River, Canada, Ottawa, Ontario.

3.2 Antigens:

‘Crystalline bovine serum afhumin (BSA) and twice recrystallized
. ’ -~ . .
ovalbumin (OA) were purchased from Nutritional Biochemical Corp.,

Cleveland, Ohio. Keyhole limpet hemdéyanin (KLH) was obtained from
Biomarine Pacific Supply Co., Venice, California. Bordetella

pertussis (BP) vaccine cbntainihg 3 x 1010 killed organisms/ml

s
- .

suspension was purchased‘from the Armand Frappier Institute, Laval,

Iy

" Qdebec. Ascaris érude‘extiact (CE) "and purifiéd Ascaris allergen,
ASC—1 were prepared as described by Hussain et al., (1973).

-
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"3.3 Preparation of 2,4-dinitrophenyl Coupled Bordetella pertussis
- hd . . / -

Organisms (DNP-BP): .

!

. Killed BP organisms were dinitrophenylated according to

Kishimoto et al., (1976)..Briefly, 15 ml'BP’yéccine containing 4.5 x

101! bacteria were éentrifﬁged at 9,000 rpm for 15 min. in a Sorvall

KC-2B refrigerated centrifuge, thexpellet was resuspended in 0.15 M
- / AN
NaCl (Saline) and the cells were washed with saline at least 5 times

by centrifugation (9,000 rpm for 15 min.). The washed organisms were

-
r

) cheﬁ resuspended in 0.25 ml of 0.1 M Na2CO3 and 2.5 pl of 1 Fluoro-

2,4 dinitrobenzene (DNFB, antman-Koaak Co., Rochester,wNYj were

added to the cells. The mixture was protected from ‘light and stirrég

‘gently at 37°C for one hour. Following dinitrophenylation umbound

2

s

hapten was removed from the DNP-BP preparation by centrifugation
(9,000 rpm for 15 min.) at Peast 5 times using 0.14 M Na borate boric

acid buffer containing 0.15 M NaCl (BBS, pH 8.4). Finally DNP-

conjugated BP o}génisms were suépendéd in BBS at a concentrakion of
7.5 x 1010 organisms/ml and stored at 4°C. The number of'DNP o
groups/organism was determined by lyzing a small aliquot in Boilingfl-
N NaOH solution and dete;mining the absorbance at 360nm..Assuming a
molar extinction coefficient of 17,500, for DNP ‘various DNP-ﬁP
preparations were found to congain 3;15 X 106 DNP grou;sycqii and
each ml of suépension contained 3.75 mg dry weight (50 ug/lO9 DNP-

e

P-BP) cbnjugates were prepared essentially by

BP). -Other hapten-BP (

’ the same method but using differtent haptgn:ﬁ? ratios for . .///{////

e
substitution.
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3.4 Preparation of Other Hapten—carrier Conjugates:
.
- v
Other profeins were substituted according to Eisen et gl.,

(1958) using four times crystallized'dinitrobenzene;sulfqnic acid -Na
. - . 5 L
salt (DNBS, Eastman-Kodak). The following conjugates were obtained:
[ ] . . .

-
.

DNPZ—CE, DNP3OA,rDNP
+«

subscripts refer to the average number of moles of DNP7mole of

-BSA, DNR,,-BSA, DNP,-ASC-1 and DNP, -KLH. The

16 2 75

-

24

cérrief assuming a molecular weight of 40,000 for 0A, jZ,OOO for BSA, -

Ny

éO0,000“for the dissociated form @f KLH and 17,000 for ASC-1. In the .,
case of CE the subscript represents moles of DNP x 107/mg carrier.

-
.

3.5 Immunization:

’ Unless otherwise stated, mice were imjected intraperitoneally

€

(i.p.) with a total volume of 0.5 ml of antigen either in saline or

‘ Y
absorbed on Al (OH)3 gel (alum). Usually 2 mg alum were used for each

¥, -

injection. A booster injqctioﬂ'was given by the same route 4 weeks
following thg first 'injection. Alum was prepared from AlK (804)2 and

NaOH according to Chase (1967). The stock preparation i‘ptained 10 mg Y
- ' ) . - ]
dry weight/ml. In some cases, prior to immunization the antigen was

. -
emulsified in complete Freund's adjuvant (CFA) or in incomplete
Freund's .adjuvant (IFA, Difco Laboratories, Detroit, Mi). Mice were

bled by.cardiac puncture 'ynder ether anesthesia. The blood from all
animals in an individual group (usually 4 mice) was po;ied and sera

L

- were stored at -20°C until needed. -

ﬁabbits were immunized repgatedly with 5 mg of protein antigen

v

emulsified in CFA in a final volime of 1 ml. The first injection was
given intradermally (i.d.) at multiple sites in -the nqchai area.

\ 14 ’

Subssquently,-i.d. and intramuscular (i.m.) injections were given

]
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A ]

. " ‘ ;

. . -

<

alternately at 2 weeks intervals for the first 2 months and then once

: el .
a month. Rabbits were bled through an ear vein and the final hleeding

' -

‘ was by cardiac puncture under Na-pentothal anesthesia. The sera were

Y
W
. .

stored at FZOOCL
. - w . &

3.6 Preparation of Antisera:

]

-

(a) Mouse anti-TNP-KLH serum:
Mice wgre -immunized with 100 ug TNP-KLH emulsified in CFA and
. . - L
were boosted two weeks later with the same amount of angigen “in IFA.

The third injection was given in saline 2 weeks following the

secohdary immuftization. Mice 'were bled one week aftér the third

>

injectiqu. The sera .were po#led and the amount of anti~TNP antibodies

t

was determined by the quantitative precipitin assay. It contained

2.54 mg anti—TNP“antibodies(mla The anti-serum was storeq‘in small

al%?gfi: at -20°C and served as an anti-DNP IgG standard for

radioilmunoassays (RIA).-

v

‘.(Q) Rabbit Anti-mouse IRG (RAMG): .
Mouse IgG was prepéred ffom pooled normal_ mouse segum by
ammonium sulfate precipitation‘followéd by DEAE «ellulose 'y

chromatography according to Campbell et al., (1970). The purity of '

. 1

‘fouse IgG'wgs determined by immunoelectrophoresis against rabbit-

+

‘ant{-mousé serum. Rabbits were immunized with pure mouse IgG and,bled

o‘ - ’

as- described earlier (section 3.5). The sera were pooled and stored

s

in separate aliquots at -20°¢ until needéd.

\ N

25
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v

."washed away with 0.1 mNaHCO3 buffer contadining O;S.M NaCl (pH 8.0).

(¢c) Rabbit Anti-mouse Ig (RaMIg): - o .

A crude mouse lg preparation was obtained from pooled mormatl o
.mouse serum by ammonjum sulfaté precipitation, according to Campbell

et al., (1970).'The rabbits were immunized and bled .as descquéd

earlier (gection 3.5). The sera were peoled and stored at,—ZOOC in

separate aliquots.

'
-~

-

3:7 Preparation of Affinity Columns: ‘ ‘ » \

Mouse IgG, DNE-BSA or OA were coupled separately to cyanogen °

bromide (CN-Br) activated.Sepharose-4B (Pharmacia Fine Chemicals,

Uppsala, Sweden) according to the procedures recommended by the -
. # : ]
manufacturer. Briefly, the freeze—drikd material was washed and

3
M NaCl (pH 8.0) andemixed with the protein to be conjugated. Tubes

-~

reswelled in 1 mM HCl, washed with 0.1 M NaHCO, buffer containing 0.5

: - : ‘ L ‘ . * 0
containing the mixture were rotated end-over-end overnight at. 4 C.

The remaining active, groups were blocked by rotating the Sepharose in

¢ ol . .t
a tube containing 1 M mqnoethanolaming‘in 0.1 M NaHCO3 buffer . 4
containing 0.5 M NaCt ZpH 9.0). The excess blocking agent was then .

’

L4

The immunosorbents were then cycled in successive‘w%Fhes qf‘O\} M

borate buffer containing 0.5 M NaCl (pH.B.O),,followea by 0.2 M Na-
* . . : f .
acetate buffer containing 0.5 M NaCl, (pH 4.0). The cycle of washing

Y e ’
with borate and acetate buffers was repeated 5 times, prior to

resuspending the immunosorbents in borate buffer (0.1M uitq\b,S M
. . ~

.

NaC{, pH 8.0). Sodium azide was '‘added to a final concentration of

E
g

0.04%; the immunqsorbénts‘were stored at 4°C, and used withdin 4

months after- conjugation. '
t
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3.8 Preparacioﬁ”of Sephadex G-100 Column:

Sephadéx G-100 (Pharmacia Fine Chemicals) was swollen in

distilled water, at room temperature for a week, with frequent

changes of. water. Swollen beads weré then washed 5-6 times in PBS

(0.15 M, pH 7.4) and deaerated. A coldmn.of 2.5 x 86 cm size was

prepared and equilibrated with PBS prior to use.

v

Te

3.9 Fractionation of Serum on Sephadex G—100 Column:

-

Sephadex G-100 column prepared and equilibrated with 0.15 M PBS .

as mentionedrearlier (section,<;8) was calibrated with 10 mg of. each,

"BSA, 0A, and cytdchrome C. A satple of serum obtained from DNP-BP

i

treated, DNP-O0A injected, IgE éuppressed mice, after removing anti-
DNP and anti-0A antibodies (as confirmed by RIA) was applied fo the
cotumn and eluted with 0.15 M, PBS. Fractions approximating the -

molecular weight of the markers and void volume were collected and

concentrated to the original volume bf ultrafiltration using YM2 and

YM10 membrane (Amicon Corp., Lexington, Massb) depending on the
molecular sizp of the fraction to be concentrated. All fractions wefe Ca
dialyzed against PBS (0.15 M, pH 7.4), sterilized by filtration

(Millipore 0.45 um filter) and stored at -20°C until usdd.

-

3.10 Preparation of Affinity Purified Antibodies:

-+

Rabbit anti-mouse IgG (RAMG) was affiffity purified by passage
thpeugh mouse IgG-sepharose 4B and mouse anti-DNP éntibodigs were
purified by DNP-BSA sepharose 4B immunosorbents. The fele&ant serum

was mixed with the 4Antigen-coupled sepharose beads in a 15 ml

-

centrifuge tube, and tube was rotépeﬁ end over end for 2 hrs. at room




¢

temperature..The effluent was collecteﬁ b? filtration,‘The
immunosorbent was washed thdroughly with 0.1 M Borate buffer
containing 0.5 M NaCl (pH 8.0) until.no protein was detected in.the
effluent (OD 0.00 at 280 nm), and then bound antibodies were eluted
with 0.2 M glycine-HCl (pH 2.3). The eluate was imﬁediatelyi . i
neutralized (pﬁ 7;0) by the addition of 1 N NaOH and dial&zed against
fBSISO.15,M, pH 7.4). Tﬁe'protein in the- eluate was Ehen concentrated

by ultrafiltration (Amicon, YM10Q membrane) whenever required..

L4

3.11 X-irradiation:

‘Depending on the protocol required, mice were exposed to 2§O R,g,

&

. : ' S ,,»“naw
660 K or 960 R from a Gammacell-20 irradiator (A,t:o_mic:“E.rvfgai‘gy,_of"‘-3\m

S

Canada, Ltd., Ottawa).

3.12 szloéhosphamide Treatment:

Three days prior to the immunization mice were injected i.p.
with either 60 or 150 mg/Kg body weight of cyclophosphamide base

(Procytox, Horner, Montreal) freshly dissolved in distilled water.

.
~

L}

3.13 Preparation of'Siﬁgle Cell Suspension:

Spleens from donor mice were collected aseptically in Hanks
“ balance salt solution (BSS),7minced and ground gently with a teflon
pestle in 17 x 100 mm sterile tube (Falcon Plastics, Oxnhrd, CA). The

large debris were allowed to settle and the,supérnatant'was

thansferred to a new tube and was centrifuged at 1000 rpm for 5

-
r.

2
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minutés at 10°C. The cells were then washed twice in BSS, resuspended

\

in an appropriate medium and the viability was determined by trypan
» .

blue exclusion test (TBET). -

3.14 Purificatioq of T Cells by Ig:coaﬁéd Dishes:

. T cells from'the spleens éf primed or nonprimed donors were
isolated by the ;echnique described by Mage et al., (1977) and
modifieﬁ by Wysocki and Sato (1978). Briefly, sterile.15 x 100 mm
polystyrene bact;riological Petri-dishes (Fisher Scientific bo., Don
Mills, Ont., Cat. no. 8-757-12) were coated with 350‘Lgﬂaffinity
’ ﬁhrgfied RAMG . in 10 ml of 0.05 M Tris (pH 9.5) by incubation at room .
tempéréture for 40 minutes. The buffer was decanted and the dishes
wérebwaghed Q_F;mes with 0.01 M PBS (pH 7.4) and finally with 20 ml
of PBS'contaiﬁing 1% fftal calf serum (FCS, Mic;obiologdtal
Associates, Bethesda, MD). The RBCs from the sbléen ¢ell suspension
were removed by 0.85% ammonihm chloride and 3 x 107 nucléated cells
were suspended in 3 ml PBS containing 5% FCS and poured onto the
antibody éqated di;Hes. The plaies wefg incubated at QOC, on a level
surface for 70 minutes. Following 40 min of incubation, unatta?hed
cells were:redistributed‘by tilting and swirling theyplate. After 30.

. more min tﬁe‘nonadherent cells were collected by decanting the -
supernéténi. Plates wére waéhed twice with PBS containing IZ FCS$, the
supernatant and washings were pooled and centrifuged at 1000 rpm for

5 min. The cells in thé.pellétlwere washed twice.with BSS. The

a0

viability of the recovered cells was determined by trypan blue’

©




exclusion. More than 95% of the cells were viable as determined by

TBET. The cells were stimulated with mitogens to determine their

purity, and 95% pure T.cells were .isclated by this method,

3.15 Depletion of T Cells:

Spleen cell suspenéions were depleted #f T cells by treatment

with monoclonal anti-Thy 1.2 (Becton-Dickinson Co., Mountainview, CA)

and complement. Complement (guinea pig serum) was detoxified prior to

use by absorbing each ml with 10 mg agarose and 0.1 ml packed mouse
RBC for .60 min. at 4°C. Spleen cells were suspended in BSS at a
concentration of 2 x 107 cells/ml and 7 pg of anti-Thy 1.2 antibodies

were added to each ml of the cell suspension. Cells were kept on ice

for 45 min and then centrifuged at 1000 rpm for 5 min. Pelleted cells

were washed once in BSS by centrifugation (1000 rpm for 5 min.) and .

complement was added‘to‘the cell susﬁension at a final dilution of
1:10 in BSé. Cells were incubated at 37°C in a wa?er bath for 30 min

to allow (complment mediated) lysis of T cells to occur. The cell

suspe;siop was then cenpr&fgged at 1000 rpm for 5 min, the cellsAin

pellet were washed twice and suspended in an appropriate medium. This

treatment killed 35-407% of the spleen cells.

3.16 Stimulation of Spleen Cells by Mitogens:

‘ Enriéhed T and B cell p&bulatiOns were Stimulated with mitogen
to determine their puri§y (Wysocki and Sato, 1978). Cells were
suspended at a concengrati?n Qf 5 x 106/m1 in RPMI 1640 medium
(Gisto, Grand Island; NY), éoﬁtainiﬂg 10% FCS, 2 mM glutamine, 100

units/ml penicillin, 100 ug/ml streptomycin and 25 ug/ﬁl fungizone

~
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and were grown at a concentration of 5 x 105,cells/well in the  °

» .-

.Presence of either 2.5 yug E. coli 0128:B12 1ipopolysactharfde (LPS,
Difco) or 0.25 ug concanavaiin A (Co;A, Sigma Chemical Co., St.
Louis, MO), in a total volume of 0.2 ml/well, in a multiwell U bot toim

microtiter ti'ssue culture plate (Linbro Scientific, Inc,, Hamden, CT)

for 48 hrs. Following incubation 1 p Ci of [3H]—thymidine (New England-

Nucllear, Boston, MA) was added to each well, and cells were harvested
after a total of 72 hrs. using an automatic cell harvestor (Otto

Hiller Co., Madison, WI). The radioactivity was counted in a beta

scintiilétion counter, LKB model Wallac 1215 Rackbeta.

~

3.17 Adoptive Transfer:

Unless otherwise stated, at results,, single cell suspensiens

from primed or normal donors were transferred into .normal or x-

: ‘ \ , o
.irradiated syngeneic recipients i.v. In co-adoptive transfers,

recipient mice recéived mixture of cells from more thénﬂpne type of

v

donars. The mice were challenged with an appropriate antigen in alum,
. LY - . X . . ‘

within 2-3 hrs. foliowing cell transfer.

3.18 Passive Transfer of Serum: . o i .

. Mice were injected i.v. with various volumes of serum or serum

fractions 12 hrs. before aﬂdeZ hrs. after immunization with 2 g

DNP-0A in alum.

»

Immunized mice received 0.5 ml serum or serum fractions 'in a
single dose, 10 days after antigen priming,

1
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¢ 3.19 In Vitro Treatment of Spleen Celis with Serum or Serum

P S

Fractions:
Spleen cells obtaxned from normal donors were suspended at a

. Va .
‘ ‘ oncentration of 10 /ml in RPMI 1640 medlum (Gibco) containmg 2 mM

- K

glutamine, 100 un1ts/m1 penicillin, 100 ug7m1 streptomyC1n and 25
pg/ml funglzone. The medxum was supplemented thh 6% mouse Serum to

be.tested. Two ml of the cell suspensxon.were cultured in each well
. . < . . ' “ P -
of a 6 well tissue culture plate (Costar Division, Cambridge, MA).

2 The plates were incubated ét‘37°C‘in a humfﬂffied atmosﬁhefé‘for 18 -

hrs. Cells were harvested, washed twice in RPM1 1640 medium without

t

serum by centrifugation at’ 1000 rpm for 5 min. and resuspended in T

~ RPM1 1640 medium (witﬁoutfserum). The cell‘viability was determiﬁed
'.by TBET (QS-SOi'cells.were found alive). The (in vitro treated) cells

were adoptively transferred into x-irradiated (660R) syngeneic

-

recipients. . : - )
Sa ' | ‘
3.20 lodination of Profein: . . ' | |
. ) . , ‘ . . .
: 'DNP16-BSA was labelled with carrier-free Na 125, | .

o

(Amersham/Seaéle, Arlington Heights, IL) by,the chloramine Tlmethdd

of Yagi et aly, (1963). Thus 1 mg of DNP, -BSA was Labelled with 0.5 .

16.
‘mC 251 Unbound iodine was removed" by Sephadex G-25 gel f11tration
followed by 24 hr. dialysis against BBS. This iodinated antigen was
used in the determination of.anti—hapten (anti-DNP) IgG*antibodiesrby

radioimmunoassay (RIA).




3.21 Protein Determination: . z

L3

PR

Whede%er-required the amount of pg%f3in in solution was
vdetermined by the method described hy“ owny et al., (1951)

Vel ~ , Y

\"

3.22 Detérmination of Antibodies:

(a) IgE:
Both anti~hapten and anti-casrier mouse IgE antibodies in poole

'of sera-from 4 mice were measured'byupaSSive cutaneous anaphylaxis

v o

(PCA, Ovary"et'al., 1975) reaction. The test was'performed on female

Sprague—Dawley rats.’ Spra were ser1ally diluted in phy51olog1ca1

,sall'e and 0. 1 m1 volumes were 1n3ected i.d. into a shaved area of

‘the back.. Fourty*eigh; hrs. after seneitization, antigen—specific PCA

reactions were élicited by i.v. injection.of 2 mg of antigen'in 1 ml

—-
.o i

of 1% Eéan's.plue dye in saline. The reaction was tead 20-30 minutes

’
.

following chalienge and results were reported as-teciprocal of the

T
-

highest serum dilution giving E;blue area of 5 mm diameter or more.
.\ o ‘ N v -

£ ' . -

The,titers'were finalyzed after repeau;ng‘the'PCA‘qn'a second rat.

(b) G: - 4“‘ ' . ‘ ,A ) Y

The amount of ant1—DNP 1gG was Qetermined by ﬁluid phase double
-

ant1body radioimmunoassay (RIA, Strejan and Surlan, 1977) An anti-
TNP-KLH serum- containjng 2. 5& mg anﬁi—TNP antibody/ml was used as
standard., o |

(c) Anti 1dioty21c Antibodies (aId)

AII assqys ‘were carried outr 1n 96 well polyvinyl coated
microtiter plates (Dyﬁatech Laboratories, Inc,, Alexandria,- VA), as

‘described by Geha (1982) with slight modifications. Preliminary

cigra:ions were. carried out with Ehé aim of establishing the amount

s b
' /
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g

125

of idiotype (1d) required to bind approximatély 75% of 20 ng ‘1w

DNP—BSA. The source of Id yas a5f1n1ty purif1ed anti-DNP antibody

KSOIated érom sera of mice immunized w1th both DNP-BP and DNP-OA as

. -

S

explained’in "Results". Briefly 100 pl volumes of serial dilutions of

Id were made in 0.01 M PBS pH 7.4 and were placed in the wells of

microtiter plate. The plate was allowed to stand at room. temperature

for.3 hrs., the wells were washed 3 times with 0.01 M PBS containing
. . . ..
125

. 1% BSA (RIA_buffer). To each well were then added 20 ﬁg I-DNP-BSA

in 100 1 volumes and the plate was again lefy at room temperature

for additional 3 hrs. Finally the contents of the wells were

discarded, the wells were washed‘3 times withIRIA buffer, were dried,

cut: out and counted in a gamma scintillétion counter. The wells

coated with 1:15 yg Id‘bdund 80% of the 1251 -DNP-BSA added This

amount of Id was used to coat the wells in subsequent determ1nat10ns.,

“The putative source of'ahti?id antibodies was serially diluted

‘in RIA.buffer and 100 ul volumes of each'dilutidn were added to I1d-

L]

coated wells. A parallel series of dilutions of normal mouse serum

"served as the negativé control. After a 3 hr: incubation the wells

were, washed 3 times with RIA buffer and ZOlng 12§I-NDPfBSA‘were,added

to all wells., The plate was incubated, wells wére'washed, dried and

counted as described earlier. Iﬁe results were expressed_as % -
| 125 '

" inhibition-of I—DNP—BSA binding'to Id following reaction with ald.



3;23 Statistical-Anal&sis:

@

.

PCA titers and IgG antibody levels were logarithmically

transformed and aﬁalyzed byja student's ‘t test for differences

between 2 means or by multi-factor anmalysis of variance without

replication (Zar, 1974);“Differénces between groups giving-'p'" values

-

. * - - ) “ . . .
. smaller than 0.05 are statistically significant. Otherwise, &4.fold.

differences or greater in PCA titers were considereqd statistically

significant (Newﬁurgéf et al., 1974).

3

..




: 4. RESULTS <o

£ ' . 3

4.1 . Immunogenicity of DNP-BP Conjugate:
To evaluate the ability of DNP-BP corjugates 'to stimulate anti-

hapte?<féE and IgG antibody responses, groups of.CBA mice were

.immunized with 109 DNP-BP organisms (equivalent to 50 g dry weight), |

either in saline 6r pixeé with‘alum.'fhe animals‘were boosted 28 days
later unéer;identical conditions of antigen, dosage, route and
composition, as defined fo; primary injeétion, and were bLed-La and
28 days af;er‘ériming and 7 days after booster (day 35). The results
(Fig. lf indicaté tﬁat immunizatibéﬁwith DNP-BP either in saliné or
mixedeith alum failed to stimulate detectable serum levels of anti-
DNP IgE ahtibodiés.after prim&gyistimulation. Occééibnally 10& PCA
titer; were recorded in sera obtained 7 days aftér éeconéary
immun;zation, which'neve; exceeded 1:80;_1; contfﬁst, aﬁti-DNP IgG
léveas were elevateé, eébeciaily in the'groﬁp that received DNP-BP in

alum. PCA reactions for the detection of antifBP IgE antibodies werg

negative regardless of whether the BP preparations used for challenge

were intact or were. ultrasonically disintegrated to’permit better

access of the Yantigen to the mast cell “(not shoﬁn)m

3

-

4.2 1Influence of Dese and Hapten/Carrier Ratio on. IgE Responses:

Results obtained'{ﬁlthé pr#viogs experiment (Fig, 1).

demonstrated the 1nabifi;y of 109 DNP-BP conjugates with a 4 -
‘ , 6 )

. . . ,. " '
hapten/carrier ragio of-3 x 10~ DNP groups/BP organism, to mount

sfénificant primary gﬁd secondary anti-DNP IgE respoﬁées in CBA mice.

' ' ’ S &
ot ' ' ' n » "
. , o : A
. ‘ 4



Flgure 1. Antlbody production to DNP—BP in CBA/J 'mice. Mice were

immunized with 109 DNP-BP on day O and 28 (arrows) Ig£.~

-

_ anti-DNP ant1bod1es are expressed as reciprocal of PCA

T

titer follow1ng challeng w1ch 2 mg DNP- BSA 4in 1 ml 1%

Evan's blue. IgG antl-DNP a tibodles are expressed in®

ug/ml serum. " /A, mice immunized with DNP-BP alone,

A, mice immunized with DNR-BP"and 2mg alum.
w
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In the follow1ng exnerlments, groups of mice were immunized with

varying amounts of DNP-BP cOnjugates (108 10 and . 10 ) in alum -

(Table I) or with 169 DNP BP at increasing hapten/carrier ratio (3.67 &

’

5 - 6 7 and 6.9 x 10" ONP groups/BP organism) in

]

alum (Fig. 2). The animals were boosted 28 days fbllowing primary

immunization under the same conditions (dosage, route and
© * ' y

. -
“composition) as those used for the primary immunization, and were

"°bled on days 14 and 35. A weak anti-DNP igE,seoondary response was

‘detected in the gfoup immunized with 1010 DNP-BP conjugates (pca

er 1:80, Table I), while the group primed andnboosted'with 109

The g}oup immunized with 108 DNP-BP was unable to mount any

- . : .
He;ectable anti—DNPngE‘responseSa None of the grdups produced anti-

- -

DNP 1gE antibedies after priﬁafy'immunizatidn.'qn~the.other hand,

" anti-DNP IgG responses were obtained.in 311 grodps and were 8irectly

-groups. . -. ’ o i B o= 7

proportfonal to the dose of antigen 1njected Immunization with 109
DNP BP at various hapten/carrikr ratios again demonstrated the.

fa11ure of this "antigen to stimulate high and sustained anti-DNP 1gE

antibody 1evels, regardless of the DN%/BP ratio (Fig. 2). Again, .

ant i~DNP IgG primary and secondary responses were obtained in all

° .

voq -

-

4, 3 Antibody Responses of &ji’oos Inbred;Strainsiqx Mice to

Immunization with.DNP-BPé

The failure of BNP—BP to. stimulate IgE antibody production cauld

+
’ oo,

:be explained by.an intrinsie defeCt of this immunogen to. trigger IgE

B cells} oghe:wise_a clear pattern of.high.and low reésponsiveness

> ) N ‘



~3

B

.
+
o

K]
-
.

TABLE I °

’

~

.

Primary'hnd secondary IgE and IgG anti-DNP responses to
various amounts of DNP-BP conjugates.

~

Anti-DNP IgE (PCA , -~ Anti-DNP IgG (ug/ml)

@roup‘ Immuﬁiéationa titer) on day on day ’
: : 14 . 35 1 ¢ 35
1 108 DNP-BP (Af’r <10 \\ <10 <1 * 6
: ﬂ 9 ' ¢ o . ..
2 10 oNp-BP (a1) <10 .10 43 /960
-3 10'° pyp-BP (A1) <10 . . 80 119 3150

~

4
: *

-

a Groups of mice were immunized i.p. with varying numbers of DNP-BP

in alum on days O and 28.

i
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Figure 2. Primary and seconqlary"ahti—DNP responses to DNP-BP ,‘Jt ‘

' %

various hapten/carrier ratios. Mice were immunized with

10° DNP-BP ‘alum o days’ 0 and 28 and were bled on da;ys

14 and 35 after primary immunization. The numbers .

- ’ represent groups of DNP/BP organism. ]]]] s PCA titer,
. ' IgG pg/ml.

(AN
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Figure 3. Antibody re-sbonse of Variou5\inbted mouse - strains

¢

. following immunization with DNP-BP in alum. Mice from
various strains were immunized with 109 DNP-BP in alum

on da;}s‘_ 0 and 28. Anti DNP-IgE and 1gG levels were

detécted on day 14 ( D ) and 35 ( ‘- D




44

-
727777,
LI LTI I2271704,
LTI LIS 117777,
0091 00v . 001 7

00vs 009 pov  GOI
 (luy67) 981 dNG-1 LNV

(4314 ¥Od) 361 INQ-1LNV

. ...n ,
p

L d

P

 rveo

 POH/HED -

v
volg-

b |

9/ BLSD
r2/v80 |

o/8va

-y v

~Q1dVH 2-

H NIVY1S



: amdng inbred‘house‘strainsIcarryiné dih{erent H-2 haptotypes would }

indicate that'DNE—BP is not defieient id sttmulating 1gE antibody

" responses. The results presented in Fig. 3 sth that mice from all

strains-studied responded with excellent anti-DNP IgG levels, whereas

the 1gE antibody tésponse showed a clear_strain—dependentw

distriﬁution? Mice of..the H-22 and-H-ék haplotypeé‘respohded poorly,

- with a PCA titer of 1:80 or lower .and with secondary respodses never

'exceeding'significantly'those obtained after primary immunization. On
the other hadd mice of the'H—Zb and H-2d haplotypes were good
responders.

Theee.tesults indicate that the inability of CBA mice to respond
to DNPfBP with suscained epd boosterable IgE.antibody productiét ean'
not be attributed to en intrinsic lack of:immunogenicity of DNP-BP
with respect to.IgE antibody production.

v

4.4 Effect of DNP-BP Pretreatment on Primary and‘Seconddry IgE

Responses to DNP-0A:

The ability of several mouse strains to proddce high'levelslofiﬂ

anti-DNP 1gE antibodies following immunization with DNP=BP (Fig. 3),

.

suggested thet the failure of CBA/J strain to respond to similar
' immunization d&otocbls was due to an IgE-selective suppressioh. In
order to test this assumption 03;73\hreo-wereanetreated with 109

DNP-BP organisms once, (day —14), or 3 times (days —16 =14, -12),
)

and were then 1mmun£zed with 2 ug DNP—OA in alum on days 0 and 28. -

4
Control mice received no. pretreatment, 3 injections of 50° ug DNP—

© ASC-1 or ;3 injections of 109 unsubstituted BP, fcllowed by the

conventiopal DNP-OA‘tmmuntzation. The‘results are presented in Fig.

S
: 3

" . . + . .
. - ’ B o
: i ) . ’ . I
! ’ P o ' . ! .
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4. 1t can be seen that gli ice‘pretreated with DNP—BP or DNP-ASC-1
had high anti-DNP serum levels as early as 7 days after immunizatjion.
with DNP-0A in alum while the non-pretreated”group mdunted the «

expectéd primary IgE respomses (PCA titer 1:400) 'starting on day 14..

On the'otherfhand, the anti-DNP IgE.leyels of the groups pret;eated

A

either once™or 3 timés with DNP-BP were significantly reduced from’
day 14 onward, when compared-to the controls. The IgE anti-DNP levels
'

remained s1gnificant1y reduced even after booster with DNP-OA alum.

(day 28). Both primary and secondary anti-DNP 1gG respon§es were high

" in all groups. The 1gG requnsgs‘determined on day 14 were

significantly higher in all DNP conjugatg treated groups (DNP-BP or
DNP-ASC-1) than in untreated and BP treated grpubs. Following booster

with DNP-OA the untreated group showed a sharp'increﬁie'in anti~-DNP

IgG levels while the groups treated with DNP-BP or DNP-ASC-1 had:

.antiADﬂP I1gG 1eve1s that were not bignificantly higher than those

g -
found. after the primary 1mmunlzatuon with DNP- OA. The relatively low

'antl-DNP IgG levels in the BP-treated group ‘cannot be explained at

the present time.
These results suggested that administratiqh'of DNP-BP once or 3

times generated an effective suppressive mechhpiSm(s)'responsihle for

the drastic decrease of anti~DNP IgE levels while alsimilaxxtreatment-

with DNP-ASC-1 .failed to generate such a mechanism. .

" To demonstrate the antigen spec1f1c1ty of the suppressive

LY

,mechanism(s) mice were pretreated 3 times with DNP BP, (days -~-16, ;iA,

-12), and were immunized with 2 ug OA in alum on days O and 28.

- Control mice renained uﬂtreated but were primed "and bopsted with 2° vg

‘¢

".-,

’ OA in alum on days 0 and 28 réspecttvely. The - results presented in .

-
.
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i Figure 4. Suppression of t'he“ 1gE .antihbody response afAt‘er‘
.treat,ment with ’DNP.—-BP. Groups of CBA/J mice treated
i.p. a's‘-ihdicated below were imx;x:ized with 2 pug DNP-OA
alum on days .0 and 28 (artows).--Antfj-DNé antibédiés.

- ye‘re detected 7, 14, 21, 28 'arﬂ 35 days fotléwiné. |

primary immunization.

i . . no_pxetii‘eat’ment ' B
s . v - .
o . a, 10? DNP-BP on-days 16, -14, -12 i
. A, 10° BP on days -16, -14, -12 _ - - . -
.o . ‘ 5L,ox

- Do A S P
A , 50 ug DNP-ASC-1 on days -§6, —1#, “12.

-

O, 10° DNP-BP on day -14°
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o . % . ., " TABLE Ir . .

. £

H

- Effect of pretreatment with DNP-BP on the immune respon

se
L. L against an irrelevant antigen (OA).
’ < a " Anti-0A IgE Antibodies (PCA titer)b
Group Pretreatment” | o on day -
o 14 21 28 35
. 1 . 10 DNp-BP 800 400 800 ' 2000
' (day -16, -14, -12) ¥ : ‘
2t s None | 1000 -~ 400 400 4000

2 Mice were pretreated i.p. withdﬁNP-pP or were left untreated.

On day O and 28 all mite were immunized with 2 kg OA in alum and
~anti-OA IgE antibo%}es were determined on, the days shown. -
'’ 1 '
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| TABLE 11T .+ .
Immune -responsiveness of IgE suppressed mice aga1nst an
1rne1evant antigen (KLH). ) .
. . , Ant1 KLH IgE (PCA titer)
Group Pretreatment . . on day

35 42 T

1 10° DNP-BP , .
(day -16, -14, -12) 80 40 * 80
2 ug DNP-DA (Al) :
, (day 0) .

2 50. ug DNP-CE

2 ug DNP-OA (A1) - .
(day 0) ’ '

3 : 2 ug DNP-OA any : ‘ [
: (day '0) . 80 80 40

4 " None ' 80 40 , 80

PR Y

_ (day. -16, -14, =12) 40 40 80

Mice were immunized on day 21 with 5 ug KLH in alum. Anti-KLH IgE
levels were determined on day 35, 42 and 49 after immunization.

. ‘ h)

» 2 *
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A

3, . : . :
lagqe I1 demonstrate that there is no significant difference between -

the PCA titers of treated and non-treated groups. These results -

- - :
indicate that the suppressive mechanism is antigen (DNP)-specific.

The.antigen-specificity of DNP-BP-induced suppression was

N [} . .
further demonstrated by immunizing miee with an i;re}svent antigen,

.at the time when the suppression was approaching maximum. Groups of

fmice were treated with 109 DNP-BP on days -16, -14, and -12 B¥nd were

immunized with 2 ug'DﬂP—OA in alum on day O. Control'gfouﬁs were .
) R >
treated with DNP-CE and DNP-0OA, with DNP-0OA alum or were left -

untreated. On day 21 all mice were immunized with 5 ggﬁkLH in alum.

’

.The results presentgd in Table III show that all groups had

similar anti-KLH PCA fiters regardless of whether mice were pre-

~

treated or not. The'results clearly show that even under conditions .

-~ -

of maximal suppressive activity (day 21) the suppressive mechanism(s)

‘,5‘\“ » . .
- generated by DNP-BP administration remained antigen-specific.
. P !
# . >
. ' : e

4.5 Absence of Hapten-reactive T Helper’Cells “for IgE in DNR—EP-

. Treated Mice:

We have shown -earlier ghgt‘priming of CBA micé with DNP-BP

resulted injaﬁ'accelerated.appearance of anti-DNP IgE'apd IgG

P
'

e

antibodies following subsequent fmﬁuntzaédonﬁwith DNP-O&* alum™ (Fig.

4), It suggested 2 alternative. p0551b111tres, (i) the generation of

hapten—reactive T helper ceﬁls, or (ii) the inductlon of -anti-DNP IgE

B—memo:y cells by DNP:BP treatmen;. These possibilities were

evaluated by adoptive transfer experiments, . : . 4
.o . . ‘ ,

[
[

.51

.
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e . ‘
Ponor mice were primed Y‘fh 109 DNP-BP a. month before adoptive

3

transfer, Recipienﬁ mice wére,priﬁed with 10? DNP-BP one week prior ~ -
, & . - * .

go adoprive transfer or were left unprimed. Pn the day of transfer

5
gy
]

~all recipients were lethally irradiated (960.R), and injected i:v.

- -

. with 5 x 107 donor spleen cells previously treated with anti-Thy 1.2,

o Q F “ u
and complement, or complement alone. The rectpients were then
* . ’ a -

immunize®l w{fﬁiz)ug DNP-OA in alum. Mice were bled and anti-DNP IgE

. . . .o N 4
and IgG levels were determined. Results are shown in Fig. 5. Tt can . N

o

be seen that mice recog;tiﬂh;ed with afti-Thy 1.2 and complement- :

treated doﬁor spleer cells (T cel}jdepletedospleen‘pell pppulations
. failed to pr;duce ahy défe;tab{;‘lev%ls°of anti-DNB antibodies upon
chgllenge with DNP—OA (g;éups IO;nd 3).,0n th; other h@nd:'hdce which
received don;r séleen cells Lreateé with comple;enc,;ler, mounted
' . ) .

‘both énti—DNP\IgE<and 1gG réspénges following DNP-OA injectian \L,
1) . ) - -

kgrdups 2 and 4). .'. -

v 3

These ‘results indicate that DNP-BP primed r2¢ipienﬁs like,
. - . v )
* unprimed recipients, when exposed to lethal irradiation and ‘.

recopstituéed with T cell—depleted donor spleeﬁ‘cells were unable to
' ' B 2N ” ‘ a ’ .
mount anti-DNP responses upon chHallenge with DNP-OA. Therefore, both

groups of‘;gcipiept; were equally deficjent in;ggoyi&iﬁg‘T ce11~§}dp
' to dpnbr B cells fo; aptibod; production. ﬁpop reconstitution wi££'
"complement-treated donor spleen. cel-lts bo‘th.DNP—BP' pl;imed a‘m{ hon-
primed recip?ents pro@uced ant i-DNP igé a;d.IgG'antibodies. In this
’ : » ‘'
case the magnitudé of the responses was significantly h@%her in

‘e & ¥ .. - . .
primed recipients than in the ynprimed ones (groups 2 and 4).

-
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Figure 5. Absence of gep;en-react1ve T helper cells in DNP-BP—

X , ‘ pr1medillce. Donor m1ce were przmed thh 10 ENP BP a
.. F

) either treated w1th ant1—Thy 1 2 and complement,

<

9

e e were pri\ed with 10

.

DNP-BP - one' week prior to the cell

L . .  ' . transfer. Tﬁey were lethally irradiated“(960 R) on~the

. . day of adopﬁave transfer and received 5 x 107od0nor

complementgilone or were left uncre?ted. Rec1plent mice

»

o L ,". month before adoptive traﬁsfer. Thelr,spleen cells were -~

. Sp‘lee'n célls. wo-hrs. follo.wing cell ttansfer mice T

F—

3
werg_challenged with 2 pg DNP-OA “alum. Ant;—DNP IgE

antlbodies are shovm on- days 'I (D 1 and 10 ( [ﬂ] ) a.,nd

LS ©

en;&Dﬁ_fP_ IgG‘ on (}ays 7_(;@ ) and 10 (). - C T
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Taken collectively these results ruled out the presence of
hapten-reactive T helper cells in DNP-BP primed mice but suggestedl

the appearance of radio-resistant IgE.B—meMbry cells.
- . | , e

. . S .
4.6 Demonstration of Hapten-specific IgE B—memory Cells in the

) Spleens of DNP—BP Primed Mice by an Adoptlve Transfer

The’ prevxous‘findlngs strongly suggested the presence of IgE B-

memory cells in DNP-BP pr1med m1€e (Flg. 4-and 5). To demonstrate

this, groups of donor m1ce.wene prlmed w1th 109 DNP BP ane month
A
prior to adoptive transfer (these proy1ded the source of IgE B-memory,

> cells), Another group waé:immunized with 0.5 ﬁg‘OA in alum one week
beforé adoptive transfer (the sourée of carrier primed T helper '

=~ -

cells). On day 0, syngenelc reciplent mice were- x-irradiated (660 K)

&
-

and reconst1tuted with 2 types of donor spleen cells (2 x 10 from
e
each) in different comb1nat1ons. Following cell transfer rec1p1ent °

S . -

mice were 1mmun1zed w1th 2 Hg DNP-OA in alum and were’bled 7 and 10

. days, later. The results presented in Fig. 6 show that transfer of

N [3
spleen cells from DNPTBP primed mice“along-w1th te{};‘from OA primed
‘mice gave the characteristib seCondary_anti—DNP‘lgE.responee (day. 7

PCA titer of 1 2006) while the co—transfer of normal spleen Qells

along with cells from OA-primed donors nesulted on q'y 7, in a PCA
4 L -

e

titer of only 1 80. The group which received“DNP-BP primed spleen
Y

.tells along with~ﬂorma1 spleen cells, developed on day 7 poor IgE

. fl»response (pca titer 1: 20) but on dayﬁég‘zE:: the normal spleen~cells

'had ‘the opgortunity to acqg}re OA—primed T helper cells the response

r‘\g"~

reached levels as comparable-to those ‘in the group receiving -OA and’

DNP-BP prlmed spleen cells. These- results clearly show that
‘/ m'd L ’ . ’ ’ h‘

a . N . ‘ Ce

& 0T

PR TP



titer.

A

the day of transfer 2 x' 10

‘Figure 6. Demonstration of hapten specific IéE B-memory cells in - ‘

L)

the spleens of DNP-BP-treated mice. Donor mice were :
1mmunlzed with 0.5 pg OA in alum one. week before, or

. 'with 10 DNP—BP 4 ‘weeks’ prior to the cell transfer. .On

spleen cells from each typé

of donor were mixed and transferred to x-irradiated
(660 R)\syngeneic rec1pients. The recip1ents were
challenged with 2. ug DNP-0A alum on the same day.‘ '

D Day 7 anti-DNP PCA titer. Day 10 anti-DNP ‘PCA . .

\— s L - N
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"immunization ‘with. DNP-BP stimulates IgE B-memory cells in CBA mice’

and that spleen cells from DNP-BF primed-mice were eapable of

mount ing an anti DNP IgE response, after being removed from the DNP-

BP treated host and allowed to collaborate with the approprrate
carrier-primed T helper cells.
.Taken together the preceeding results suggested.that a

suppress1ve environment selective for IgE is generated in mice,

treated with DNP-BP and that it is responsible for the inability of,

. IgE Bfmemory qellﬁ\tp convert into IgE secreting plasma cells.

-
3

4.7 Search for IgE Selectiye Suppressor Cells in the Spleens of

-~ DNP-BP 'rreape‘d Mice: -

The 1nab111ty of CBA (and- other non—reipgnder strains)’ to‘

' produce IgE antibodres folloW1ng immun}zation with DNP-BP (Fig. 3),

“coupled with the sharp drop in anti-DNP IgE levels follow1ng

‘irradiation and CY treatment has been shown previousry by Watanabe et

! "
treatment with DNP-BP and booster with DNPsfgﬁin‘CBA mice (Fig. 4)
e

suggeéted that treatment w1th DNP—BP gener s.a suppressive

mechanism(s), which might operate via T suppressor cells.'To evaIuate

. . -

this poss1bility,‘the following experiments Were carried out.

(a) Sensittyity to x-ttradiation ahd Cyclophbsphamide

- T ¥
.

-

“u, .
. Treatment. ' v . J ',
-—-—————ﬁ.—- i e v - v. C .

. y
The presence of antigen nonspecific, IgE selective,.T suppressor

cells in. nonresponder mice anﬂ their sensitivity to low dose x~

Y "

‘al. (1976) and Ch{orazzi et al., (1@76,.1977) In otder to eliminate‘

O

o

.auch putative suppressor eell separate grqups of CBA mica were

-

ﬂ‘subjected to a low dose’ of x—irradiation (250 Rz or, were treated

58
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TABLE 1V

Effect of pretreatment with low dose x-irradiation or
cyclophosphamide!on the anti-DNP-BP responses of
. ) CBA/J mice .

4

i

Anti DNP IgE (pca t1ter)

Group Treatment S on days :
S SRR 28 - 35 . 62
t X-R® (250 R) o ‘
(day 0) ' <10 <10 200 40
: b 7
2 : CY (60 mg/kg) ' . )
(dhy -3) 10 10 . 20 4 10
3 . (50 mg/kg) 4 L o
(déy 3) <10 - <10 100 120
. ' A -
4. None - C-<100 T <10 20 10

»

% Mice were exposed.to x-irradiattén 2-3 hrs. prxor to the
immunization.

b Cyclophosphamide base was 1njected 1.p. 3 days prior to the
"immunizatlon. ) .

'.Mice were immunized on day 0 and were boosted ‘on day 28 with

: 109 DNP-BP in alum. Anti—DNP IgE titers were determined on days
gshown@ .

-~ *-
|
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-
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with either 60 mg or 150 mg/kg body weight cyclophosphamide (CY),

prior to primary immunization with DNP-BP. All mice were primed with - . .
. 9 - : - Y 5 . .

109 DNP-BP in alum qn’dey.o and were-boosted on day 28. Table IV

i ) K * Ce - : ' ’ )
shows that regardless of whether mice were pretreated or not, the : ; '

¢

pattern of unresponsiveness for IgE production remained the same

during the primary response. (day 14 apd.day~28fPCA titers). However,
: s 7 . : o T

following secondar%,immunization, mice exposed to 250 K (group?lj, or
.treated with 150 mg/kg CY, prior to the primary immunization (group

3), mounted good secondary anti-DNP IgE.resppnee. The IgE PCA titéqé# L w i#‘

of‘groups 1 and 3 were’TOwand 5 fold highe} respectively than those ' - ﬁg%f
determined for: the uﬁt}eated group (group 4) H‘tﬁ:fr’.thesewﬁiters \‘, - a'?;

‘bere .short- 11ved .and decreased 5 fold within a- week. B - , -
. ' . w , o
a -

These results indicated that pretreatment of mice with low dose - .  .»
- I ..

irradiation or 150_mg CY did 1ncreqse¢to sgge”extent their
teeponsiveness-tofDNP—BP following boostet,.but the primary response
: was uhaffected. e o o - . :

- When CBA.arice were: exposed to low dose x—irradiation or to CY

treatment '3 days hefore booster (day 25), the secondary anti-DNP IgE

response rema d unchanged from the nontreated control group

i - . ‘ N '] . " .
- "(cresults not- shown). 2 ‘ = ‘ - 3

° ‘ [

(b). Demonstration of Suppression by Adoptive Transfer'

To determine the presence of putative, IgE selective,

.suppressor cells groups of donor mice wete injected with 109 DNP-B?

o once (on day —14), or to enhance the suppressive activity, 3 times oy
‘,(on day -16, -14 -1‘krelative to the day of e&optive transfer) OnA |
_,the day of transfer nornal eyngeneic, recipient mice received dOnor -

spleen cells end uete chellensed uith 2 pg DNP-OA in alum. The day 14



-
v '

.Q'
apd{Zl_antiQDNP'IgE and IgG responses are presented in Table V. Each
" 1gE and IgG value in gregpjlfand 3 represents a geometric mean of 6

v experiments performed und§r~identipal conditions., As the experiments
Ll . = N ) : . .

were not perfoPmed at the same.time,/gpny.cduld not be tonsidered

replicates fdrbstatisbieel gnalysis,_The_data'nere therefore;
subjectee tp an enalysis.bi veriance'without repiicatien. It\can be
“seen that sera of recipients of spleenocells'from normsl or DNP2BP
reated donors gave similar PC: titers on day 14 (1:466 vs 1 &00 vs
>-,* o 1:329), On day 21, howeyer, *small byt statistica;iy 51gn1f1cant

difference betwhen grﬂnpAI and 3 was, recorddd (1:306 vs 1:131, p <

0 01). The statistical 51gnif1cance oi the difference in PCA titers
P

between groups 1 and 2‘cou1d not ‘be evaluated 51nce the adoptive

-

transfer with group 2 dqnl‘lcells was performed only once. Anti—DNPj

1gG levels were not suppressed 1n the recipients of pNP- BP spleen

-
“'

. cells, and the increases observed were not statistically.signlficant.~~

Anti-OA PCA titers ranged between 1'100 to 1 400 and no 51gniffcant .

differences among the groups were observed (not shown) Wheﬁ *

-

. recipients of spleen cells were challenged with 2 ug OA "instead of
’ T a @
1
DNP-OA the anti—OA IgE levels were. similar to those of recipients of

fl“l fnormal-spieen cells (not shown), indicating'that DNP-BPﬂprimed spleen.‘

ES - . . L e .
. .

. o, . ’ . *
‘celis‘did not interfere in the induction of a respbnse against an

« oo irrelevent antigen. Thus it appears that . spleen cells from DNP«BP

primed donors were capable of. transferring weak but detectable
suppression of the anti—DNP IgE response. The suppression was

- selective for - the ttz clals, appeared always late (day 21) and'ected

in an. antigen—specifie manner.

B

) . . .
v, s . . , N
. " . . K » . "
B . . 0 ’
. - ' T 0 ) ' : N , R .
. . : 0 . ey - . . . ’r
A . P ' B . v . .
L N L . o, [ . . !
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L . S ‘ TABLE V
L , © i . ' ’ 3 . : { . . - .
: . Adoptive transfer of spleen cells from DNP- BP—treated
R . . mice to normal recxpients. .
- } A )
. . : : ntl—DgP antibodies
., - ;s "IgE (PCA titer) 1gG (ug/ml)
o Group = Donor treatment - R on day on day
’ PICIN P 14 21 14 21
) +71 ' None g 466 306 33 . s1 .
» ’ v o N ) . . B
. ' 2 DNP-BP, x 1° 400 - 160 62 68
' 3" " DNP-BP x 3 . 329 1314 9
; . .. ' N LIS : ‘ - w7 o ) e ~
» £y M - ' . i C
e . % ® Donor mice were left untreated or were injected with 10® DNP-BP on.

veo.. eday -14 (x 1) or days ~16 -14, and -12 (x 3) before transfer. On

k day 0, groups of 4 normal- recipients were injected with 6 x 107
' ~ donor spleen cells and were boosted with 2 ug DNP-0A in alum. T, .
- i & ‘ -, L " b .
-t p : Expressed as the geometric mean of PCA titers of six separate

experiments, for groups 1 and 3.

- a . « ’ Lo . . : -
L] . . o.‘ .

. . . Geometrrc means-of six. separate experiments expressed in ug/mlo
e, serum, for groups 1 and 3. . , o
+ ’ ' Q ‘ . . :@j.
. Statistxgally significant difference from control on the same day
p p <0.01. ° . .
«.. I' ; e . ‘ , ' ~‘ ._ . ) , i - ' L i
o _ . "No. replicate’ experimepts “in this group. : Co

¢ . »
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(c) DNP-BP Induced Suppression is not Mediated by T Cells:

“In order to determine whether the weak and delayed suppression

-~

‘observed upon tranéfer of DNP-BP-treated spleen cells to ;ormal v

recipients could be enhanced after removal of the DNP-primed B cells

9

from the donor spleens, donor mice were injected with‘io DNP-BP 16,
la'and 12 dayé prior to adoptive transfer. On the day of transferJW'q‘
donor spleen celis wer; incubgted on anti-mouse Ig-coated dishes and
2 x 107 purified splenic T cells were transferred to normal syngeneic
recipients which were then challenged wilh.Z ;g DNP—6A<in alum.

Anti-DNP antibody levels were determined on days 14, 21 and 28

-

following cell transfes. Figure 7 shows that the recipients of pure T-

‘cells obtained from either DNP-BP-treated donors or from normal

donors %fve similar anti-DNP IgE reépoqseé. The mice which received =
unseparafed spleen cells froﬁ DNP-BP-treated don;rs (group 3) shpwed
a'fCA‘titer of 1:100 on day 14 which subsequently decreased to 1:40,

;n day 21, This group had significantly lower PCA titers than the )
group rec;{ving unseparated spleen cells from normal donors (PCA-
‘giters of 1:40 vs 1:200 on.both day 21 and 28);.

These data clearly show that splenic T‘celis from DNPQRP¢freéted

.

mice were -not involved in IgE-selective .suppression. These fipdings,

however, -were confirmed by an adoptive transfer experiment in which

‘spleen cells from DNP-BP-treated donors were treated with monoclonal

. ' [

hnqi-Thy 1:2’ant1$odiés and qpmblement, prior to transfer. Table VI
7

shows that the‘transfer_;f'5 x'1O anti?Thy 1.2 and complement '
. N . " AN . * . ' P

‘;rga@ed_sp&een cells to hOrmal'recipienté did,not':emove the ability
of these cells to provide the day 21 suppression observed ‘in previous

experiments where intact spleen cells wére‘ttanqﬁgrred (Table V):

. A -

coe



' 2N

Figure 7. DNP-BP induced suppresst_or; is not mediated by sp‘leni'c.‘
“ . °
T cells. Donor spleen cells were.incubated on rabbit

anti-mouse IgG (RAMG) coated dishés (3 x 107/plate). and

nonadhérent cells were transferred intoo normal

.
N -~

syngeneic recipients (2 x 1{)7/recipient). In \s'epar'ate L

-

groups 5 x 107 unseparated spleen cells from the sarne
donors were tr;nsferred and all mice were challenged
with 2 ug DNP—OA ‘alum 2 hrs. following cell transfer.
Anti-DNP, IgE levels were detected 14 ( m] "),, 21

( . ) and 28 ( D ) Qays after challenge.
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o TABLE VI .
4
Transfer of sbleen cells after treatﬁgnt with anti-Thy 1.2
. - serum and‘complemenc. -
. ¥ ) ” :
R ) - Anti-DNP Antibodies
L Treatment of donor IgE (PCA) -~ 1g6 (ug/ml}
Group i{spleen cells . &' day on day
. - % _ 21" 14 71
e < : m—— = ' ’
, 1 Anti-Thy 1.2 + cgm- 400 100 56 . " 71
- . .plement ' -
' . ) .
2, . Complement ., 400 - 80 57 . 46.

T

N
[

-
. P

a A G, S ’
Donor mice were 1njectedgi.p. three times with 10

-

DNP-BP '(day -16,

-14, and7112)._pn day O their spleqn cells were treated with anti-
- Thy 1.2 4nd complemenf%pr with complement alone. Normal syngeneic

recipient mice were injected’with 5.x 107 donor spleen cells (cells

B . ¥, "7‘ . -
were counted before treatment agi5 x 10 /recipient) and were '

immunized with 2 ug DNP-OA in alum 2 hr. a{Fer'cebl‘transfer.

* Y

ag M

o

LY}




Mofe‘:ver, there was no‘es'ser;tial difference'_btetween PCA titers of  the,

recipient's of"a'nti;'l‘hy 1.2 ‘plus com'ple'ment er aated cells' vand the \
T complement treated controls. These data clearly; show that IgEv !
‘ T ek e

: selective suppressmn obser\‘ed &DNP—BP-—tre'Jted DNP 0A (alum) . .

L3

challenged mice is not mediated by splenic T

E}

y -

suppressor cells; cs

L

alternatively theu‘ suppreﬁswe-activity could have been. lost during

© . co .

“c

 the transfer manlpulatuﬂs. ;. oL

Y
P-

o : o
4. 8. Transfer of. Erimed Spleen Cells intd DNE-BPa-treat_ediRecip‘ients:

The discrep‘cy between the stﬁong SUpPY ession obsérved in situ -

¢ -

in DN‘P-BP-mtnumzed mice’ (Fi:gs. 1 3 and 4) nd the weal:» ands dela.yed L .
.suppre‘sswn opefating in ;doptive transfe;o DN'I:-BP spleen oells to -
, nortnal ;ec;.pients (‘Eabie V) was mtngumg and taise.d the po‘ss“ibility S
that t&e ceHs involved h‘hd lost much of t}&ir Jabil'i;t');‘to't‘:;nt.er:_ ‘
. ’ : Te >
' suppression, once re,moved Erom their’ ongin 1.host. In o?der to test
: 5, . 1y
) . th1s assumptid’n, donor mice were imunized ith 2 ug 0A, (a;m) a ) |
‘ mo‘hth prioz-to cell trangfer. Rec.ipient cmic were either trtegted with ) .
109 DNP’-BP, wit;h 2 ug TNP*KDH or with saline (control) 2 weeks ;;"‘, " ~
A . '

‘before cell transfef. On the day of adoptivT transfer, 5 %10 doner

<

pleen cells/recipient weré transferred and the reciﬁients yere ;e

L + - l ..
‘pl had the advantagg S

[P

cha‘llenged with 2" g DNP-OA ﬁn aium. Tye p1

‘n \ > g ¢ ﬁ H
o} ¢ N . . i
»f éllowing asse’ssme‘nt 'of the DNP--.BE,,en‘vxro nt on the DNP~primed B --
; N S . .. f " “ ,' ‘, i

% .
o cel.ls in situ, wﬁen provided with the appro riate carrﬁer primed :;‘

) oo oo Co 5 ‘
' '-DNP}gE ahd Ise . "'I Dt

d 14 days fol owing ocell 'trsnsfet

c
)

fesponses ,yere detem;l.ned 7 an

3 hésults are showqj 1n 'l;able VIII 'rhe rec:lpte ts treated wfth DHP-BP oL
v U . v —
SN (greup ﬂ shoved am:i-vm? Ig,! PCA tuer af 3:200 gp dq;? yrhwh e

' ”"I . 4 ” : . ! f“"' e L “‘ i Vo . -. -
ldurmed 10- fold vithin s mk (dwy 1# P  titer ,lszq)'- ‘;fl,.‘ﬁ“}atfs., ST
o [’; & a.:. o ' “b N . 4 { ‘ . .» . ', ’I"’v"ﬁ .}"‘, A ‘mn" ’
oA SR Ce . ‘a s - 'fA‘ RN .
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’ . - © TABLE VI - ‘
o . " ? ) 'f' » > p . ,-. -
e Suppre551on of OA pr1med spleen cells in DNP-BP-treated
rEC1p1ents upon challenge with DNP—OA 1 T ‘\
‘e @ o K - a
‘ , Co LR - - Ant i-DNP Antibodies.
o - Recipient's | 1gE (PAC titer) IgG (ug/ml) .
Q’:oup ' trehtment . on day . " _fon day
o R A O
. 1 . 106_ DNP-BP x 3 200 10, . 366 - 474
S e (day =16, -14, -12) R :
- S L2 .2 yug TNP-KLH x 3 . 800 200 , 57 155 . ,
" ° ai, ' ," v, (d?Y -16, "‘14, "12) . . ' D' . ' ’ R v - ' . -
3 Noné‘ v . ; 200 "iOQ P 2 1 24

. "'.: ‘ _ . K N : .' ) .
. o BN : ‘ N .
*  Donor mice were prlmed with 2 yg OA in alum one month‘prior to the - .
A ' adoptiveitransfer. Recipient mite were eitﬁer nontreated or treateq:
T with 109 DNP-BP or 2 ug TNP-KLH 3 times i.p. On day 0 donor spleen

: ‘ cells were injected ieve (5% 10 cells/rec1p1ent) and then immunized
<. . 'with 2 ug DNP-OA (A1) 2 hr. after cell transfer. . S L
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ebvious that recipients which we;eﬁireated'with TNP-KLH or with o l

saline elicited on day 14 PCA t1ters ‘of 1:200 agd 1:100 respectlvely

-

This represents a 10—20 fold 1ncrease over the DNP-BP-treated group.
It, therefore, appeared Ehat mice treated with DNP-BP prov1ded

an env1ronment condu51ve to the development of a con51derable degree
"

of SUppre551on of the IgE antibody response.

4

> o S e

?

4.9 Suppression of Anti-DﬁP IgE Antibody Response by Passive

: . ] 4 Ny
Transfer-of Serum: \\;__~ ‘

We have shown that pretreatment of mice with DNP—BP resulted in’

IgE selectlve suppress1on follow1ng immunization with DNP-OA (Fig. .

)

4). Adoptlve transfer of OA-primed spleen celis\jnwDNP-BP—treated

mice also resulted 1n IgE—selectivevsuppression upon challenge w1th

,°DNP-OA (Table ViI). However, the-suppressive activity was‘only ’ , . -

-‘IgE selective suppression operating ip DNPrBP-treated mice.‘“-, } ,:'»,:, S

1

marginal “upon transfer of spleen cells or T—depeleted spleen cells

from DNP-BP—treated donors - to normal recipxents (Table V and VI) . o,

These results suggestd the possibil1ty that the suppressive,act1v1ty .
. ‘

might be transferred,hore effectively through serum rather ‘than

.spleen cells. The Eollowiqg experlments, therefore focused on the

serum obtalned from these anﬁmals to understand the mechanism(s) of .:‘ L e

-

2
-

(a) Suppressive Effect of the Sérum On the Induction of Z&ﬂ e T 'f
s ' Response:[ L SR “u' S ,t ":aﬁfnﬁf' - 2'17.'-. . <
a Sera’ Eor passive transfer Were obtalned as illustrated 1n Fig. t j‘; * L O

)

9

s. Brief.ly. nice treated 3 times. (day —16, -14, ,..12) with 10” m-np e

. . H
.'. ! b Lo
. - <

ln saline,“ p. uete bléd on day 0 or were chﬁllenged»uith 2143 BNP- e e

. . » , e . R -,
' . “.“ - L A . ‘, ‘e - » . [ I »
' . e R o, , . S YA W . I ot
¢ ¢ ° A 4 \ - . I L P R

l
OA in. alnn on day 0 ind thcu nere bled either b o: 21 dayh follouing 'JZAZ:- A 'f:'

» W
' " . E - ’ B, oo . . ) . - .
. : ) 'f Lo [ . . ' LN I o, P ‘ w3 ‘.
/. . . . : i . - . , .- e R L, -, t
. , , S A . PP SR R Co. FRRF-a
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DNP-OA injection. Mice treated simjlarly with 50 ug DNP-CE or

untreated were also immunized with 2 ‘g DNP-OA alum on day 0 and were
- . ) . " [ ] ‘ '
bled 21 days,later. The serum obtained from normal mice served as an
A )

-

additional control. Aliquots of sera obtained frfom.mice treated with -

" DNP-BP or DNP-CE and then challenged with DNP;-0A were ébsorbod'

-, exhaustively with DNP-BSA-Sepharose‘and OA-Sepharose immunosorbents to

;ﬂ'l

remove antL—DNP and anti-0A antibodies. Similar a11quots of sera were

‘ L)
. stored unabsorbed, at. -20°C until needed. Complete removal of
. . L d o ‘ ' ) . '-.” . Vv . \. .
antibodies was assessed by RIA. S ~ o
~~ Absorbed (AS) or nonabsorbed (NAS) sera fqom each donor group

.~ -
- .

- were inJéEEEH—IEEEEa separate group of recipients. Each an1ma1 "

redeived.Z injections (0.25 ml each) of”sefgm,,i.vtﬁat“Zb ht.
"+ intervals. Tyolvé’hrs. after the first serum_;njécfion the’ recipients

x.?ere immunized with 2 ug DNP-OA in alum and were boosted 28 days
. E . H Kl : Va ‘ .
later. Anti—DNPVIgE and IgG levels were determined 14"28 and 35’day§‘”’

following primary 1mmuniza%don. Results.shown in Table VIl indicated:

\

- " Lhat nonabsorbed serum (NAS{/from DNPLBP-treated mice without‘DNP-OA
challenge,_failed to show any . suppressive effec: on ancidﬁNP IgE

re;poﬂse (days 14 and 28 IgE titers 1: 640 and 400 respectiwely),f

-

while the NAS from DNP—BP—treateﬁ DNP,OA 1njected mice, had '

) . L

T remafkable suppressive effects on the induction of - primaty anti-DNP N

. IE% response (PCA titer 1 20 on day 14) The same serum after removal

&

L]

o) L of anti-DNP and aan-OA an&*bodies rgmained suppressive for the T,

. . ,‘ . s . », e . '
,,Zf o 1nduction of anci-DNP Iq? antibodies (group 4, day 14 and 28 PCA o
' s : 4 -

,".‘ 5 ) ‘. )
y ”\:_ T - ‘

(92



L N

A ’ \
L ! -

% Normal ‘syngeneic mice were injected twice, i.v., 0.25.ml/injection,
at 24 hr. interval» Twelve hrs. following the first derum

_injection (day 0) recipients were immunized with 2 ug DNP-OA in
alum and were boo'sted 28 days Jlater.

) . _ . hd

. - ~§—ﬂonb:s were bled on day O. ‘ “ .
. "2 Donors were bled 7 days after DNP-OA imjection. :
L q Donors were-bled 21 days:after DNP-0A injecﬁion. . ‘ e

- »

Ré!ults are expressed ag geometric mean of PCA titers of 3 separate
experiments. .- o v

. - i » . L
% , . . y
' <
L [ . . ' . i ..
v ,! . . L. \ » § - .

£ Geometric mé!ﬂ?ﬁﬂ!‘?gGmgglues of 3 separate expefi@ents.

8 Not determined.:’ . . g . .
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TABLE VIl

L b .

-

Suppression of anti-DNP. IgE response by passive transfer
of “absorhed (AS) and nonabsorbed (NAS) serum.

P3

N\

Serum

 \.Anti-DNP Antibodies®

: Donor Treatment IgE (PCA titer)  Igé (u g/ml)
Group (i.p.) Treatment *- on.day > on day
S . . 16 28 35.. 14 35
1 109 DNP-BP x '3 ° None 640 400 . ND® ND ND .
(day —16,;—14 ’ ' . o
- oa)® ] SO
2 10" DNP-BP %3 - " 200 10 1000 20 109
: (day —16,-14 ‘ . ' . '
, -12)¢ . »
. . 2 pg DNP-OA (A1)
(day 0)
3 e Absorptiom 160 80 - 800 . 19 334
B with DNP- N :
BSA—s‘ep'ha— - -
} rose and OA~ !
T sepharose , . , ‘
© . ) i . . ladd V . ° .l.
4 W " 113° 88§ soo® 26f 197F
. ~" . n - '.' .
5 . '50 ug DNP-CE Lo 800 400 - - ND 37 ND
X 3 -, . . !
(day -16,-14, - ’
-12) .
* . 2 ug DNP-0A (A1) . ;
. (day O)d L
| . : , ‘
6., 2.8 DNP-OA (A})~ None 800 4Q0 2000 47 37 -
L Lday o) SRR
7. s i280° 400® 2530°° 24 363’
8§  Nil Nl -© . 800 ' 400 2000 . 35 358
. "’ B . . ‘ , 'A,.<
. t": ‘[' ' ‘ ; .
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. The primary and“squtdary aﬁt;—DNP IgG responses were again .

.,abéorbed gerﬁd."Furthermore;‘theée‘rgsults suggest thét,AS (from

s ;selectivéﬂfoq the -IgE antibody response. o

" were comparable in-all groups of recipients and were not suppréssed.

- (Table VIII). The question arose as to whether this' absorbed serum

, obtained from DNP—BP-treated mtce. A gronp of DNP-OA primed micé was

a

treated mice, NAS from nontreated but DNP-OA injected mice or serum
'ftom normal mice showed fhe expected unsuppressed PCA titers after

primary immunization. However, the-segondary anti-DNP IgE responses
.o . \ : ! i ] ’
> R . .

]
compgtablé in all groups except group 21 ;hete secondary anti-DNP 1gG
levels were lower than in al{ the other grghps (day 35, 109 ug.
IgG/ml)‘ i 5“ . .7 ,‘

‘The data presented in Table.inI ruled out the possibility of

antibody-feedback as a mechanism for suppressioﬁ in groups;réceivingq

-

DNP-BP-treatedsmice) contains powerful sﬁppféssor mole¢dles which are -

LY

.
®

(b)

‘§pppressive Effeét of Absorbed Serum (AS) on anhoﬁgding IgE

R * @
esgonses ’ J/ A ’

-, The AS obtained from DNP-BP- treated mice showed significant ) .. iﬁ

suppressivg,effect‘on‘the induction of anti-DNP IgE antibody response

could intérfere with an qngofng'IgE antibody response. In an attempt
. - l" . - P ) 9‘

“to answer this qﬁestion, reciﬁiént mice were immunized‘with 2 hg

DN?—OA in alum and.lo days Iater were injected i. v.‘with 0.5 ml of AS

- 4

"

injected with 0. 5 ml of‘NHS and served ‘as control The anti—DNP IgE

and IgG levels were determined 14, 21 4nd 28 days foltowing DNP—OA o )

i

tmnizauon. Results are shown. 1n Fig. 9. Recipients of AS obtained (

froﬂ DNP-BP-treated nth did not lhow any significant deference in

o 3

PCA.titq;s on day 14 (3 dayl afterfuerun tranufer) fron those
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’DNP-OA"in alum (clqsed arrow) and, were injegted 10 days’

. l
L
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. Figure ;9. ‘Sup;“)re;sir,v?' effecf of’..absdrbed;;e’rum (AS) on ar‘l ongo.i‘ngj'. ) ‘I - . ,~
. ant i=DNP IéE r'espons;.. Donor mice wer't;' injegted 3"tjmes B ) ”
‘ -'wit;h' 10—9 DN:P’-_—BI" in sa’liné on :AA)"E -16; -;14, -12 and tilen' —

challenged with 2 yg DNP-OA in alum on ‘day;f'O. Mice ‘were

bled on ‘day 21 and serﬁri_w§§ absb;bed fof'\antidDNP “and

anti-OA antibodies- (Fi‘g’. 8). Seru&x obtained from normal

4

V2. . . 4L a : ., . ..
mice served as control. Recipients were primed with 2 ,g-
. v , « . .- ‘

o

: o B
after  {open arrow) with 0.5 ml volumes of absorbed serum .
frmm’-BP-treaged df’nors. (.) or from normal donors ' :
AT S
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" hrs. in RF‘F-1640 medium containing either 6% of the AS’ from DNP-BP- - ’

v

‘-'lﬂ,'viablc cells/recipient uereftransferred i.v. into sub— o . T

. ./ . ‘ . , 78

° + 7

injected with NMSi'However, days 21 and-28 PC&:titq;s {of the group . .

Q\

‘which received AS from DNP-BP-treated micg“&ere significantly lower

Y ,

as compared to the control group (PCA titer L:ldofvs_lﬁﬁoo and 1:80

vs 1:400 respectively). The anti-DNP IgG levels werelcomparable in

Y

groups injected with either serum and were ‘not suppres8ed..

These results .indicated that AS obtained from DNP-BP-treated . -
: . . . .

: . o
mice could also suppress an ongoing'IgE anti—DNR’iesponse but this

’
s

suppression.was less remarkable than the one obtained where AS was
( . ' .o
allowed to interfere with the induction phase of the response.”
. , :

(c) Effect of In Vitro Treatment of Normal Spleen Cells with

AS: : . . ' B
Studies done thus far revealed that the suppressive activity

>

present im AS obtained from DNP-BP-treated mice, not only interfered

with the induction of an antiBody response upon passive transfer into
- - L e ' ‘
normal mice (Table VII1) but also impaired”an ongoing IgE respense in:

. ) - | 3
DNP-OA-primed mi® (Fig. 9). Thd question as to whether rhe putative . y

) . A

suppressor molecule(s) present fg the serum of DNP-BP-treated mice

would also be effective in vitro was addressed in the following .

N -

experiment. & A

Spleen~éells from ﬂormal denors were 1ncubatéd in vitro for 18° . .

I

treated’mice, qﬁ*with an equivalent concentration of NMS (see

f' -
4

'Haterials and*Hethods' section 3 19). The cells were. harvested

washed.dhice with RPMI-1640, suspended in the same medium ‘and 1.5 X, \

‘ e

lethaily 1trad1ated (660 R) syngeneic mice. All.mice were then
r'd

indunized with 2 ug DNP-QA‘ig plu-'on tge-dhne day and.weie ‘ . . ' f

. »
1] el P J 4
. . " . . a
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¢ TABLE IX

‘ffect of in vitro treatment of normal spleen cells
with absorbed serum (AS) - ‘

KX

.

: _ Anti-DNP Antibodies
Serum used in IgE (PCA titer) 1gG (u g/ml)

Group culture® on day on day
i ' 1a 21 35 0 1 21 35
c1 as® 20 785 4000 a4 3
2. . NS 640 400- 2000 <t <t 125
. A N

4 Normal spleen cells at'a concentration of 1077m1 were treated in
J vitro for 18 hps. in RPMI-+1640 supplemented with 6% serum from
DNP-BP-treated or from normal mice.

-
»

b Serum was obtaimed on day 21 after treatment with 109 DNB-BP on
days -16, -144/-12 and priming with 2 ug DNP-OA in alum on‘day O.
The serum was absorbed on DNP-BSA-sepharose and OA-sepharose. .

3

C ) S ] ¢
Normal mouse serum. o )
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. ‘ o
t
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1 A ’ -8 ®
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’

boosted 28 days later. The results are'showq in_Table IX. The mice

. . :
reconstitited with spleen cells, treated with AS containing,

)
¢~

suppressive activity, showed higvbl);‘suppressed anti-DNP igE responses

on days 14 (PCA titer of 1:20 vs 1:640 in c‘gntrol), and 21 (1:90 vs

N . s t, .
@ . N {

’ . alzlfOO);ahowever, folioﬁiing‘ booster, the ‘e;ec’ouda-ry, 1gE rgsponse was/. 4
' . fiot suppressed (fCA‘titer’ i:QOOO on day 35).’ Tf:e p‘zima-ry ant i-DNP 1gG
' , responses were undetectable in bdth groups. The secondary anti- DNtlf o I
- IgG response was lower ‘i'd ,g‘roup i then groupﬁl (control). . . C ‘
> i ;- ",

- = C
These resultse mdicated that in"v1tro treatment of t;orma], spleen

-
< 1

ce‘ll_s,wlth AS from DNP-BP-treated mice affeets theu“ ability to mouht
. v, " L
‘a-primary anti DNP IgE antlbody response and suggests; therefore, v

-
[ v . ’

that theﬁyutative suppressor molecule(s) adsorbs to cell targets -

o

14 b ’ o X . / 5: ° . .
present in normal,mouse 'spleen. : . L .
’ . ¢ (ﬂ) The Suppressive Activity °Present' in the 'Sé-rum of M— )
. . ) , ye N -

Treated CBA/J H1ce Operates Across MHC Barrler. .
- ) '7 - v e

Sera from CBA (H—Z ) mice tneated w1th,vDNP'BP and pr!med with -

%
- . L

DNP-0A alum, obtained 21 days after prlmmg,.were absorbed as - - ' "y

i

-

described earIier ('I'able V111, i’xg. 9) .and 0. 25 ml were ,1n3ected i.v.
to DBA/ZJ (H—Z ) mice twice, at 24 hr. int‘érvals. Other *groups were ‘
. N .
. treated with normal mouse (CBA) setu?n or were: 1eft untreated. All

« mice were primed wi.th 2 ug DNPFOA in alum 12 hrs. after the firs
_serum injectibn. The'reselts dre.:hown in Table X. It can beﬂn .
, that mice 1nje£ed with serum obtained from DNP-BP t,reated dong;s had * ‘
.:~ ‘ a markeq suppresstve effect on tbe ind\;ction of Uo-th ant i-DNP IgE and hf
. - o,

IgC tesponses. A PCA titet of 1:10 ‘was detected 3 8 aiter DNP—OA .

4{_‘*5.

| . .
3 1 - . -
1 3 . ” »% ]
N . 0 ‘_) s 4 " . '.. P -~ ¢ «



-

B A SR

Luum

w_ mu BW.wnu-

R

~




S o TABLE X - o

’ ‘A- ' . . ' \

Suppressive act1vity of the absorbed serum (AS) obtained from
DNP-BP-ereated*CBA/J mice across MHC darrier.

» s SN
v . : _ .
-~ ' : " " Anti-DNP Ant§podles
: Recipient IgE (PCA titer) . 1gG (u g/ml)
Group’ - = treatmei®® _ on day \ .~ : on day
' 16 _ 28 1% 28
1 " AS from DNP- 10 . <10 S5 T2 P
‘BP~treated t ' , '
mice '
0 . ’ - ' ’ .
2 X NMs© - 320 320 . 43 62
3 None 320 200 38, 44,
4 « . . . i .

a DBA/ZJ‘(H—Zd) mice were‘injecéed‘tw1ce‘w1th 0.25 ml volumes of
CBA/J serum at 24 hr igferval. Priming was with 2 ug DNP-OA 'in alum’
12 hr after theffirst. injection of serum.

_ Day 21 serum was obtained from CBA mice treated with 109 DNP-BP  on
* days -16, -14, =12 4nd imminized with 2%ug DNP-OA in alum on day O.’
The serum was absorbed on DNP-BSA-sepharose and OA—sepharose. '
: v
[} . B

€ Normal mouse (CBA) serum.




3

.‘\ “' . : ) .

immuniéation and 6n_da§.28'thé respoﬁsé‘dag complete'ly abolished. The

" administration of serum obtained from normai CBA/J mice However, "did
R : ~

4

\ o o : . w-

-t

not’ affect the anti~DNP antibody fesponses.

> N N ¥ B \ . “1 ) . .
These results clearly demonstrated that the suppressive activity

L i a

present in the AS obtained from DNP-BP-treated mice acts across the

MHC barrier. o - h

4.10 Isolation of the'Suppressive Activity of Serum by Gel-

~
~»

Filtration:

. i e Y
In the preceeding experiments we established that sera of GBA

-

mice treated with DNP-BP and immunized with DNP-0A in.aluﬁ,

suppressed very effectively the IgE antibody response in a hapten-

-
2

specific'énd-isétype-dominan; fa§hion. Tﬁe'suppressiéﬁ opefated both
in situ, upon passive transfer~of'§efum té normal,(Tablé VIIij.anak
bNP:OA pfimeé\recipients'(Fig. 9), or in vitro following incubétioq
ﬁith.no;pai Syggeneic spléen cells (Table‘lx).

The impprtént eIemgnt of thié'éuppfession is Hts ﬁigh ; . S
'effectiv%ness; éygn,after'removal of.anti—DNPvand‘;nti~0A antibodieg

,from the”serum. It was obyious, thkrefore, that the suppression

- observed wasedependent ubon'a mechanism other than antibody-feedback

and 6pera£qd thfough suppressor molecules that failed to bind to the
antigen. In order to,attempt to isolate the puﬁative.suppresﬁor

molecules, an aliquot of 'absorbed serum, from DNP-BP—treated, DNP-

OA-immunized mice was passed through a Sephadex G-100 column.

‘Fractions were eLucgd and;pogled as illustrated in Fig. 10..The

.ffactiohs were concentrated :o‘thelinit;al volume applied to ;he"‘

_column (3.0 ml), were dialyzed against PBS (0.0%5 M, pH 7.4) and -



»

R ‘ . .
Sephadex.G-lQO elution profile of serum from DNP-BPF-
treated mice. Three milliiitgrs/;f‘DNP-sepharose and
OA-Sephardse absofped ‘serum £from DNP-BP treated and'i

DNP-OA alum immunized mice were applied to a 2.5 x 86

cm‘sgphédex G-100 ¢olumn. Fractions were eluted with

-3

~PB$”and pooled‘as indicated Chorizontal‘ba}é). ‘Y

The column was calibrated with 10 mg each of bovine

.,

serum albumin (BSA, $9,000d), ovalbumin (0A, 45,000d)

and cytochrom ¢ (cyt.c, 12,500d).. The ar;oés'{ndiqatg

- -

the position of each marker.

© e

zne



 4AAWNN TENL

0L

09

011
r

001
d O

4

|




injected into mice. Each fraction was injected in 0.25 ml voiumes,

”Q.V.Atwiceggut 24 hr. interval. Priming with 2:ug DNP-0A in alum was
: dohe.IZ hrs. aiter the g;rst'idjeqtion‘of.fractions,_and booster was
: .

o 2
performed 28 days later.. Anti-DNP IgE and IgG antlbodfes were €F
determined on day 14 21 28 and 35 The suppressive effect on anti-

DNP IgE response was clearly ev1dent in fraction 1 {Fr. 1, vo1d

-

-volume), ‘and fraction & (Fr. a mol. wt. 12. 5 X 103 d), as seen-in

&

‘ Fig. 11. Sera of mice which were 1nJected with Fr. t or Fr. 4 had a
L ¢ ’ ‘

PCA titer of 1:80 and 1:40 respectively on day 14, while mice
in;ected with PBS showed a titer of 1: 320 on the same dey. The IgFE
PCA titer in Fr. 1- treated -group dropped to 1: 10 on day 21 wh;le_Ln
Fr. 4-treated mice it was 1:80. Overall the anti—DNE IgE response of
Fr. 1- 1n3ected rec1p1ents was mdre suppreseed than Fr.p& Fractions 2
and 3 failed to suppress the IgE response. After booster (day 35)
‘none of the groups was suppressed (PCA tlters 1:1280). When anti-DNP

/ ~ ¥

IgG antibodies were determined 1t was noted that on days 14-and 28

the group receiving Fr. 9 ‘had slightly lower ant1body levels than all .
1 e
the other groups.. The differences were, however, small and probably

not,si%nif1cant. o , L SR 'A ‘ .

| These results ehowed,that'theuabsorbed serum of DNP-BP-treated .
"Tice'eopteins Zdeomponents with ;eppreseive activity, whioh differ in
mo;eéuier weight.’ﬂowever,:dnder these eiperihentE} COnd;tiooe the
‘ eﬁppressive effect of'both ftactiohs (Pr. 1 and Fr. 4) was rederstble'
:gnd like the effect o£ the unfrectiohated Aé-allowed,a normé}‘ |
,respodSe'foilowihg secondary imﬁunization. ’ |

L
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Figure 11. Effect of -‘sgrﬁm fx;acﬁtions obi:ain-gc‘i by ;seﬁhadex ggfl A
’filtration c;p’ éiie\ e_anti—DNP';eSponse of“mi:ce. Eaéh : o AN
v fraction was i;'njected i.v. in separate groués of ﬁ;ice, ' |
3 EWic’:e, ‘0.25 ml ‘each ti;ne, ;t. 24 hr. interval. Mice : S

. S . )
‘were immunized 12 hr. after the-‘first i.v. injection

and boosted 28 days later with 2 pg 'l')NPr-.-OA '§1um. Anti- ’

) DNP "IgE and _I‘g'G antibodies were detected 65,’th‘e ddys .- . l
ihdica;ed. Ffééti‘oh'i '( @ ), Fraction 2( o) s ’ .
. : " Fraction'3 (V A ), Fraction 4 ( 0 '), PﬁS,( ] ) / ., .

Arrows indicate days of iﬁununization with4DN‘P-0fA alum., . K
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4,11 Demonstration of AutoAAntiidtotypic Activity in the Sera of

QtOgether witn'the peak4containing the bulk’ of the -immunoglobulins.

/S:ince anti-DNP and anti-QA antibodies h!ve been removed prior to gel

‘with DNP-OA in alum:. Idiotype-coated wells of a micratitet plate were

' ailowedlto react with twofold seriaifi diloEEd aosorbed‘eerum,(AS) ‘ SN
yobtainéd from DN?—BPQtreated mice, wit;'nonabsorbed~serum (NAS) from L
. the seme animals,‘ﬁith Fr. 4 or.yith norneI mouse'serum (NMS).

'Following the‘appropriate incubEtions'and'washings, wells were d

© against the dilution of .serum used as a source of anti- idiotypic

dilution of 1:2 gave 54. 5% inhibition uith the highest efféctive

¢ L] . Yo . t ’, LT T ’ ! ' : : -
N v Lt .
- - * » . . . '
o : . S 88
Q . Tt e T . LT ' .
. .
- o . A -
) )

. C. - -
> . . -

. DNP-BP_Treated Mice: . 7 SR

’

-

. From the results preserited in Fig. 10 and Fig. 11 if became

obvious that the suppressive component'present in Fr. 1, eluted.

>

5

filtration, the suppression observed could be attributed to the’ '

presence of auto-antiidiotypic (ald) antibodie’s directed ag7?ﬂ§t an
an‘ti—DI:JP Adiotype. . R ,;.’ .
- ’ - 4 ’ . . . * ’ S
In order to test this assumption a solid phase. RIA-inhibition

was carried out-as describéd in 'Materials and Methods' (section -

3.22). The saurce Bf’idiotype (1d) was the same batch of anti-DNP . ‘

antibodi from day 21 sera of mice treated with DNP-BP and immunized
e » : .

o

il

incubated with a. conscant ‘amount (20 ng/well) of 125 ~DNP-BSA. The

radioactivity bound/well was counted and the extent of inhibition of

1251 DNP-BSA binding to the anti-DNP antibodies (1d)- was plotted - ‘ o

activiﬂy &s seen in Fig. 12 the AS demonstrated a.dose dependent e .t
inhibition'of 251 DNP-BSA binding to. apti—DNP antibodies, providing R kot
. ' '" = ‘°o'./

. clear evidence that+the" sUppressive activity present in. the AS is , e e

. ‘.

[

[

capable of specifically reacting with anti DNP - ant ibodies (Id)

(T




+

- ) ' “
Figure 12.'pemonstratioﬁ of auto—anti*fdiotypic Qccivity in the
\ - - )

serum of'DNP—BP—treated mice. Wells of a microtiter- .

i
plate were coated with anti-DNP ant1bod1es GId) and

¢

reacted with two fold ser1ad dllutlons of absorbed

W

. ' . serum (O ), nonabsorbed serum ( @) or sephadex |
» ~ .7

G-100 Fr..4 ( A ) from DNP-BP-treated, DNP-OA.

« . - -

immynized mice, or with equivalent dilutions of normal
" mouse serum ¢ [j ). Follbwing incubation and wéshings,.'

thé tells were allowed to react with a constént'amount

125

,(20 nglwell) of I-DNP-BSA. Results .are expregged as

% 1nhibition of 1251 DNP-BSA binding to anti-bNP

.
o

anti‘bodies (Id) ,

b
t

'y . K .
gy . ' o . . T, : ’
. . .
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ditution of 1:256. It is important to note that Fr. 4 which also

%
deménstrated’gbme su?pressive activity (Fig. 11) failed to inhibit g
'5?hk bidding of 12511DNP—BSA in this assay. The nOnapsorbed serum, was %’ ‘// i
alsd‘without‘inhﬁbitory activity. It/ must be remembe;ed, howeQ%r, . " %
that ghe nonabsorbed serum contained relatively lérge amounts of ;ﬁ
anti-DNP antibodies (1d) and, therefore, th; putaﬁive ald antibddie‘sr . %
. . ' 3
'wouiq have been bound to the idiotype, aqd probably would have been  $
unavailable to inhibif\the binding of'IZSI—DNP-BSA to ihe anfi—DNP
antlbody—coated wells. Based 6; this assumptlon we also predicted L. ‘t
' thag excess anti-DNP antibody would be present in the serum in free 'g
form (unbound‘;o'ant%—ld.antibodiés) and, therefore, in a,positioh to i%
bind ééditignai aId: Th;s prediction was tested by allowing _— ‘?
N ﬁdﬂabsprbea serum to interfere Yith the inhibition of 125I-DNP—BSA }
binding t; idfotype by anti-iéiotypic antibodies (abﬁorge& serumy. . .%
Thus serial two fold dilutions of NAS ;ere mixéd with a comstant | 'g
amountfof aId‘?AS) énd’the mixture‘yas.;dded to Id (a;ti—DNP » R .E
antibodies)-coated micrqtiter wells; Controls consisted of AS hixed‘ )
with serigl'ailétions of,normai mouse serum (NMS), of NAS alqne? of ,
NMS alone,ﬂand ;f AS (aId) alone. After iﬁcubationdéndeashings, - e
1/251 DNP-BSA was added to all wells and thé amount of rad1oactivity
. \
‘bound to the anti-DNP antibodies (1d) was determlned as_ descrlbed .

above. The results presented in Fig. 13 show that mixing of absorbed
serum with nonabsorbed serum.resulted in complete abolicion of the
‘inhibitory capacity of the AS"This effect was dose-dependent as the

"inhibitory activity of the AS started to reemerge as/ the dilution Qf

”

the WAS increased. On the other hand, premixina’ AS with normal

¥

. .
. s .
. L d
» B
. . . ’

‘.




Figure 13.

Blocking of anti—ididtypic activity by nonabsorbed

serum from DNP-BP-treated mice. Microtiter wells were

coated with affinity-purified anti-DNP antibodies (1d). Ay

[

Hundred microliters volumes of absofbedrégium (AS) from™ . )

Al

DNP-BP-treated mice, diluted 1:2, were added to 100 yl

. of two fold serial dilg}ions of nq&absorbed serum (NAS) .

.

from'DNP-BP-treated mice ( él ), ,or to normal mouse

4 ‘-

serum ( @ ). The mixture was then added to the.
& . 7 K - @

< -~
idiotype-coated wells. Hundred microliters volumes of

. ‘ * ’
serial dilutions of normal mouse serum alone ( ©. ),

of noriabsorbed serum alone ( A ) or 100 ul of a 1:4 .

LN

dilution of anti-Id (absorbed serum l) serxed as

\

" negative and positive controls respectively, and were

ddaedﬁseparately'fo idictype~coated wells, Following

. LY ’ .
incubation and washings wells were allowed to react

with 12SI—DNP—BSA (20 .ng/well), and the inhibition of

125I-DNP—BSA binding to anti-DNP gptibodies was _

calculated By counciné the bound radicactivity in the

wellSt . ‘ ke
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.

mouse serum did not lead to a reduction iﬁ"inhibitory capacityv" .

»

Neither NAS nor normal s sernm.alone'iﬁhibited the.activitf of -

1251—DNP—§SA to anti-DNP antibdlies at any dilﬁtion tested.

e

These results brimg circumstantial evidence in suppo}; of the

notion that the:anti-idiotypic antibodies present in ‘the nohabsorbed .
[ ]

v [}

serum_of DNP-BP treated mice circulage in thelformq;Y loose coimplexes

with anti-DNP antibodies and that ghe-anti—DNP antibodies are in '

4

sufficiené égceSs to block the inh?bitory activity of additional,‘ tos ) .
anti-Id antibodies. As the Qilution‘qf;zhe_NAﬁ increases the free t
idiot&pe'conéentration décféssés ac;ordingly, allowing the recovery‘;:
éf.tﬂe inhibiéqry éctivity of the adde& anti-iodiotype. )
. , ] ‘ .
§ a ) ’
;. ) ) . )
e . Y
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. 5. DISCUSSION

. Y

IgE antibody responsés have been shQWn to be exquisitely
sensitive to both positive and_neéatiye-T cell‘regulatory effects,
and to antibody feedbaék‘nechanisms (Katz et al., 1974; Tada, 1975;"
Ishizaka, 1976; Ishizaka and Ishizaka, 1978; Oyary et al., 1978y ‘

: s

-

.Katz, 1978b; Kishimoto, 1982). In contrast to antibody responses of

_ other imMUnogiobulin clases, the IgE antibody response is highly

dependent orf adjuvant. In the past, efforts have been made to down- -

regulate the IgE antibody response by immunological adjuvants, known
. X A} - - o
to potentiate IgG ant{quy‘responsesq The use of hapten—éonjugated -

Mycobacterium (DNP-M&& and'Pq;MY63'or hapten;conjugated
muramyldipeptide (MDP) in mice has been well documented, (Kishimoto

et al., 1976, 1979, 1981; Sugimura ‘et al., 1982).

« Since adjuv;nts'commonly uséd to potentiate IgE antibody

responses in laboratory animals (alum and BP vaccine) have not been

used before to modulate the immune rééponse, we ‘decided to study the

LY

immune response of hapten-conjugated Bordetella pertussis organisms

%

in mice. *
We showed that CBA/J mice’ immunized with hapten-adjuvant '

conjugete (DNP—BP)'égiled to mount a primary or a secondary anti—éﬁ?

IgE response regardless of whether an additional adjuvant 'alum' was

" used. Oceassionall& low levels of IgE antiBodies were detected. On-

the other: hand mice developed excellent ant i-DNP IgG :ﬁ:g:nses.
o 1t has been shown by others that the productlon of IgE
antibodies is highly dependent on certain factors such as the dose of
antigen used for immunization, adjuvant employed, and the strain of

mice used fer immunization (Revoltella and Ovary, 1969; Levine and

95.

-




) It is well established that the development of IgE antibody S o,
’ ‘ .
e

1 4

A

Vaz, 1970; Vaz SE al., 1971). It has also been reported that

. immunogenicity of a hapten—carrier conjugafe éigp depends on its
" hapten/carrier ratio (Quijada et al., 1974). In our experimental :
system, injecting'variqus‘amohhts or by chaqging the hapten/carrier

ratio of DNP-BP coqjugates there was no significant change in the

pattern of low-reshonsiveness,for—IgE in CBA mice. ©

sponses difkers in magnitude among various inbred strhiﬁs s?ch that
. some strains exﬁibit vigorus igE responses, whereas other strain; i
produce very low or ;o IgE anfibodies (Revoltella andA0var§, 1969;
7 Levine4and Vaz,‘1§70; Chiorazzi EE.EI'!‘¥976’ 1977;.ﬁatanabe et al.,
1976). Immunization of ‘various strains of aice with DNP-BP revealed
'ahat this {ack of immunogenicity ;n CBA micé.for\the induction‘of IgE
éesponse was not an intrinsic attribute of the‘DﬁP—BP conjugate, }
sincé/it induced high levels of Igé antibodies in all strains
;Eudied, a;-well as IgE ant;boaies iﬁ strains carnying the H-Zb énd
H—2d haptotype (fig. 3). The strains carrying the H-2% and H—2k
.haptotyée.bUt sharing the’saﬁeiggp%s at K region and IA, 1B, IJ and
| 1E s;bregio§i were fouqd ﬁo be loy IgE re%pénsés for DNP-BP. The low
IgE levglsrdetected'in CBA nmice, hawgver,'nevgr e;ceede& a PCA titer.
of 1:80. This is COnsistent‘with observations by others indicatiLg
that low resandér mice may shqw_?CAﬁ!‘Egrs of 1:80 but qot higher -

»

. . Y ' ' - ‘ .
(Katz et al., 1979b). DNP-BP then, a# any other conventional.antigen, .~
_. follows an immunogenicity pattern clearly distributed‘émohg low‘éﬁd , :

.« .

‘

high respénder phenotypes. .

-




s

%

‘

As demonstrated -repeatedly by others in the past, the low :

responder phenotype is often associated with the concomitant presence
: . - ‘

. ‘
of an active suppressor mechanism that operates in an ‘immunoglobulin

_class-selective (Watanabe et al.,"1976; Chiorazzi et al., 1976, 1977)

L]

or non-%elective fashion (Kapp et al., 1974). Tt has also been shown

previously that treatment of low responder mice with low dose x-

irradiation or moderate dose of cyclophosphamide prior to
' . -

immunization results in the depletion of the suppressive mechanism

and thus mice may change their status from low to high responder '

phenotype (Katz, 1978b). Rowever, in our experimental system

. . . .
pretreatment’ of mice with such physical and chemical agents failed to

ehhénbevtheir ability to mount a pfimary‘IgE ant ibody réséonge
fol{pwing DNP—BP:immunizétion.Lut afLer‘boostér weak secondary
responées were determined which were transient and within a week
deciined‘to‘ve;y low levelg. Similar findi;gg were reported by
Deé§§in et al., (1979), wherelfréatment of nonreﬁponder ﬁice with

cyclophosphamide or low dose irradiation.failed to affect-the anti-
GAT 1gE response. .
- "Besides its ability to induce excellent IgG responses,

: $ - . . ) . ‘
administration of DNP-BP' to CBA mice did net result in IgE .antibody

production éven when an additional adjuvant’ (alum) was injected along

" with the antigen. It is interesting to note, however, that DNP-

4
Al

éggcific IéE B~memory cells were generated, even when DNP-BP was- -

adminigtered in éaling. This was clearly demonstrated when such B

"cells, were removed from their original ervironment and cotransferred

?

with appropriately primed T-helper c¢lls into unprimed, x—irfadiateq

mice,.Undér these circumstances the anti-DNP IgE‘response/apﬁéared as

-




a tfue‘secondary response. Furthermore when spleen cells from DNP-

o

BP-treated donors were transferred into normal recipients or when

. -
o

4 DNP-BP-treated mice were boosted in'situ with DNPfOA (alum) an L.

" accelerated primary anti-DNP response (on 5ay 7 instead of day 14)

"was obtained. These findings/were in complete agreement with those

obtained by Hamaoka et al., (1973, 1974) and Katz et al., (1974), who

showed that mice immunized with antigen in CFA did not mouﬁt an IgE
‘response but develoﬁed igE B-memory cells (as well as T-helpex cells)
which could collaborate with an approprfately pf&med T-helper Eell

s . L8
and mount an IgE response when removed from their host environment

o T . -

"\ and challenged with the relevent antigen. In our studies- DNP-specific
IgE B-memory cells were produced also when conventional hapten-
N . [ ’ -

carrier conjugates such as DNP-ASC-1 or TNPiKLH.were in&eéted under

- P - . ~ -
similar Fonditions. Peculiar to DNP-BP treatment, 'however, was the
sharp deFrease in IgE levels, occuring from two weeks after booster:

a

4

.y . .
.- with DNP-OA. The decrease in IgE responses observed.in unsubstituted
: : ;
BP~treated, DNP-OA chéllehggd mice (Fig; &) washnever significant
. . . ’ i
with respect .to uhtreated control, This.diﬁference begween‘DNP— . -

. » B - .
substituted and unsubstituted BP could be explained by assuming: a) A .
. that both DNP-BP and BP could initiate a chain of events leading to .

the establishment of a suppressor circuit and to thé,relgasé of IgE-

selective suppressof molecules, b) that in' order to.complete the

- circuit i.e. to permit the effective release of these molecules, a

- N N

. ‘ N
second exposure to antigen is required-and c) that the second antigen

- ~ .

must share, with the first, common antidgenic determinants. Similar v

requirements for shared determinants have been déﬁonstrated by

’

.. ) . a
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. . - ’
Kishimoto et al., (1976, 1978) and Suemura et al., (1977) in IgE- A ¢
' o o - ) s ..
selective, antigen-nonspecific suppression initiated by . .
preadministration of DNPsMycobacterium in mice. : ' ‘ v

An intriguing finding was the early shqft¥lived but intense IgE

©

resp%nsé'taking place both in situ and in adoptivély gransferred
recipients after DNP-OA booster ana pre;éeding demonétrable'l
,sqppression (Fig. 4, Table V and'Table,YI), The delayed suppression
suggestedrthgﬁ'the ihdpggiqb of the su?pfessive mechanism could be a

el

multi-step process and that the kinetics of.production of the final

'
h Y

. [ .
" effector cell or molecyle is slower than the synthesis and release of

LY

the IgE antibodies themselves. An alternate explanation is that the

\\ effector arc of the suppressor circuit would not be triggered-unless

o -

a defined concentration of hapten—specifié'IgE and/or IgGVant%bbdies

was present. In fact in a series of elegant, jn vitro manipulations

4

with rat lymphoid cells, Yedoi and Ishizaka (1979, 1980) and

Hirashima et al., (1980, 1981a,b,c,'1982)'have demonstrateQ'thaé bpt;
‘potentiékiqn and suppressiodkof IgE~depehded on ghe p;oductign of'\. |

IgE—binding factorsrand‘th:t under certain circumstances rat IgE ha? .
to be present in cul;urg for the pfoductipn of .the IgE-b;ndﬁng‘,

> .

factors. Howéver, we fél; that thé requi?ement fo; IgEocoui&’qot be_
‘the only condition necessary f§£ ghe»suppre%sion, bécause |
immunization of CBA mice with DNP-BP ugually failed to induce
detQCCable serum,levels'of‘IgE,antibodiés but skiil‘ﬁﬁon booster ﬁith;'

DNP-BP thé anti-DNP IgE re§p0nse remained suppressed. The‘poséibility

femains, however, that low, undetectable levels of Igﬁ, sufficient to
trigger the érdﬂuc;ion of IgE—bind%ng'factor (with suppressor
. . * . . Q"‘
& activity) were produced.
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\;'1'f" . It ig well established that production of antibodies is under , . L
",‘0" ’ a [ . .. . i \ . .
“ ’ .*»’-% the strict control of different subpopulations ¢f T cells. Suppressor . °
’ . : . . -
| :L. . T célls play a very.important role in the regulation of antibody
» ‘ ’ .
production (Gershon and Kondo, 1971; Gersﬁonﬂ'1974; Basten et gl.,.
1977). The do;n—regulation of IgE antibodies by suppressor T cells
& . M ° , ﬁ?

has been reported in many laborétories (Okumura and Tada, 1971;
N * ) ' '

Takatsu and Ishizaka, 1976; Watanabe et al., 1976; Chiorazzi et al, v

1976, 1977; Kishimoto et él., 1976; Ovary et al., 1978).-As a comﬁon

practice the mediatioh of suppression via suppressor T cells has beeén

v

shown by trasferring the spleen cells of donor, mice into syngeneic
; rec1p1ents (Okumura and Tada, 1971; Kishimoto et al., 1576- Takatsur
and Ishizaka, 1976; Ovary et al., 1978 Schwenk et al., 1979)
However, our efforts to transfer che class1ca1 pattern of Coe El:
suporession by spleen cells from DNP>BP-treated donors wePe only |

. marginally successful. A heager and delayed, but statistically : o -
significant suppression was detected on 21 days following cell s F
- ‘
. : - !
transfer. This slow and weak suppressde effect mediated by

adoptively transferred spleen cells from DNP-BP-treated donors, .

coincides with the results obtained by Watanabe and Ovary, (1976)" in

Tt

a coopletely'different.experimental system. They successfully

-

maﬁépulated the low IgE responder'SJL mice to mount persistant‘IgE
tesponses and showe¥ the terminacion of IgE produdtion by injectlng
spleen cells from normal SJL mice. ‘The suppression observed following

L edoptive transfer was quite slow,since it appeared 3 weeks after'the
. , T , ' R L
. cell transfer. This seems to’be a situacion.unlikelother systems

]

where the suppression is always immediate (Okumura and Tada, 1971;

2 ’\"-*

- .
. Kishimoto et al., 1%76 TakaCSu -and Ishizaka, 1976) However, i

. . >
[ - .
. . ’ . 0 . - - .\
. . . . *
. . .
.
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P
the delayeq suppress:ton reported’ﬁ& Watanabe et al., (1976) was .

stronger than detected in our expeiﬂmental system. When DNP BP- - .
A . . ™
treated m1ce were“used as reciplents of OA or DNP-0A prlmed spleen

cells and challenged with DNP-OA alum a burst’ of IgE antibodies on

day 7-.after ‘cell transfer was followed by a strong suppression of IgE

¥

response. This suggested that the envifonmeqt'pfesent in DNP-BP- .

3 .
¢ v

treated_xecipients does not affect immediately the caﬁability of IgE o

’

form1ng cells to mount an IgE response because the day 7 anti-DNP Igi\\

response in DNP- BP-treated rec1p1ents was equivalent to that observed ' :

]
LA

in untreated control groups. On the_othe:‘hand, TNP-KLH/treated

Q

recipients mounted a hfghet\ng antibody Eesponse on day 7 as
'compared to the DNP-BP-treated or uﬁt;eqted group, ihowing a positive

"contribution of the red&pient in IgE production. It appears that some

unknown factor or molecule-is present in DNP-BP-treated mice either

in'insufficient amounts or at an ineffective stage "and requites more

-~

time to become effective {suppressive). Treatment of the recipients

Ve
. A

. . 4 ' ’
‘with other hapten-carrier conjugates (TNP-KLH) also resulted in

~

decreased PCA titers from day 7 to day 14 (four fold decrease)

) . ?

. —following‘transfer.of 0A primed spleen cells but despite this .

decreese the day 14 titers were comparable to the control group,

e N

‘s where recipients were.mnot treated Experiments performed in DNP-BP-

..‘,.

treated mice, which were then challenged witf DNP-GA, provided R~
. : . . I . '
evidence.for a suppressibefenvironment, with respect to the - " .
Lo, ) : ‘ . » . . A ) .
‘persistance of the IgE antibody response. However, the induction of ‘

,the.IgE reQPOBSe was not 1mpaired. It'appeéts that che éuppressive a -

_mechanism operating in DNP-BP-treated mice'following challenge with .
L4 \ . Y -"' . L " o P '
DNP A (hapten on a heterologous cartier) is different f2om the one .. R ;5
s -_, o ' T t“ ' .
. . |



‘" carrier IgG antibodies are not recalled. The delayed suppressiom ~

toe

operating when DNP-BP étiﬁe& mice are boosted by the same Canugate~ ’

(DNP BP). These two dlfferenc suppressave pathways dlffer in cheir 'ff.

¢
-

kineticg. In the case of- DNanP/DNP-BP syssem, suppre351on acts upon ‘f
an ‘early stage.'Whereas.l,h the_ cas‘of DNP-~ BP/DNP-OA, the suppressmn ’
is active in later'stage; ofithe'IgE response. This was observe{ both

in EEEE and in adopélee transfer studles. In both cases the - 'T

suppression was delayed and could be detected 21 days follow1ng DNP—

"
.

OA- challenge. l-loﬁwe\rer‘,L the extent of supp;ession\was always s‘tronger ‘

- . s T -’ . - T . B -

than in experiments whére' spleen cells from DNP-BP-treated

4 O t-

donors were transferred into,normal recipients. The exzct reason why
' “ S o " g .

priming and booster with DNPLBP c0njugate°is so-effective in ewerting

a suppress1ve effect on Igé product1on in the presence of strong IgG
antibody productlon 1s not clear. It is possxble that IgE | Y
unresponsivenéss to DNPsBP is ;a1n1y carrier dependent although a
Lumoral (se'rum) suppressive molecule."su.ch-.és anti-carrier (BP) IgG
antibody‘eould also be involved. In the‘eaSe of priming with DNP-?% |

—

and booster,wfth DNP~OA the requirement” for homologous carrier - (BP)

:is_not satisfied and carrier-reactive suppressor cells or anti-.

*

~obse5ved in DNP-BP/DNP-0A system is hepten7specificw-Chéllenge ofi'
» . - .

. A ! .
DNP-?P—treated mice with OA (alum) failed to suppress anti-OA IgE

re

antihody respenses.‘Furthermore,'immpnization'offDNP—BPetfeated,

DNﬁ-OA-challenged mice with an 1rfé1event'antigeh, KLH (alum), at

the time ‘of evident anti-DN? IgE suppression (day 21) did not- .

suppress anti-KLH IgE production. These findings preclude the

possibikity that the,IgE suppression mechanism operat;ng in;DNPfBP-

treated, -DNP-OA challenged mice has any‘simiiatiry-to the'DﬂPgﬂyc,

» ! ’
E

e

A e
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.DNSLGA\system desgrihed b§ Kishimoto et 3l.,_(1978). In their system N
’ ' - ' . L R - -
the suppressive mechanifm-fhitiated by -DNP-Myc administration, could
be restimulated by DNP on a heterologous carrier but the Suppréssive
. -y . F.
effect was antigen non-specif¥c. .
IgE-selective suppressive mechanisms described by several
) ..' '_v . , - \'\ ,
investigators, appéar to show many common characteristics. Mostly

they are hntigen-nonsﬁécif}c, naturally occuring: in low I1gE- responder

. * .6‘- B . .- . *
mice (Watanabe et al., 1ii6; Chiorazzi et al., 1976, 1977), can be

K
induced in low and high r‘esponder mice and in rats by‘he ’ A

. Loga

administration of adjuvant containing Mycobacterium and water-in-oil ‘',
. - . N 4
. Y ‘ .

emulsion (Kishimoﬁo é& al., 1978; Katz and Tung, 1978;'Hi}ashfma et

b ——

al., 1982). The suppression is transferable by T cells abd‘}s
. R ) : - ®
abrogated by low doses af iiirragiation'or by pretreatment‘yith'

v-

cyclophosphamide (Watanabe et al., 1976; Chiorazzi et 2!., 1977). The

serum, ¢ell-free superéfténts End‘&~$,cell hybrids derived from

.
1

lymphoid cells of CFA-treated or hapten—Mycpbacterium—treatéd animals

contain (release) soluble ﬁoTecules-&hat‘suppress very effgéﬁively

-
. . » .

the IgE response”either in adoptive transfer or in tissue culture N

responses (Suemura et gl., 1977;rKishimotofg£ al., 197§;‘Wagépabé,g£-

1 <&

al, 1978; Tung et al., 1978; Hirashima et al., 198la; Sigimura-et .

-~

al.,~1982). In may instances both 1gE suppressor and IgEfenhaﬁcing ’

- molecules coexist -and their individual presence can be demonstrated

.
’

only aiter affinity cﬂromatography ori lectin-conjugated insolﬁblé‘3

- ’
.

matrices (Katz et al., 1979; Hirashima et al., 198Q). \

.'ﬁhe failure of @hé-IgE antibody fesponse to occur in CBA mhice

after inmﬁhizétion with DNP-BP did npt fit well into'the‘recognizable

‘pattern desgribed for eithepgtCFA or for DNP-MYC. It is induced by an



43

S

-together).l

; , ] .
. v
~. e +

* . T . “a : 104

.

* -
N . , +
- S

adjuvant wh1ch unlike, CFA or IFA is known to potentiate the IgE .

reéponses (Mota, 1964; Hirashlma et al.; 1981a, lwata et als, 1983),

it is delayed, follows after a transient burst of IgE antibody and
Lransfer to' gyngeneic, unprimed mice, is only marginally effective
and élways delayea. T cells are abpareqtly not direcgi§ involved

since, transfer of ?—enrlched spleen cells from DNP BP- treated donors
g A P - .

to normal rec1p1ents falled to show any suppressive effect “on the IgE

production. Furthermore dEpletlon of such T cells by ant1 Thy 1.2 and

complement treatment'could'not'rembve the «suppression obﬁqrvgd ontdaxi

. . <, o, .
21 Upon transfer of both Egpulations-oﬁ spleen cells (T and B cells .
s . 3 L - . . . . -

.
.
~
4 % .

It was 1nterest1ng ‘to note that the appearance,of &gE selective

» *e .

l

. suppre551on wag always assoc1ated with h1gh anti- DNP IgG levels and

t .

thus suggested the p0551b11xty of an IgGAanleody medlated feedback

regulatory mechanism in our experlqentai system. It s generally

. .
. * . 3 . -

believed that like the production of other Siologica11y’active‘
molecules, productﬁ%n of~antibody'is also a self-limiting process .
(Rawley and Fitch 1964; Uhr and Moller 1968} Graf and Uhr, 19693 , »

Sinclar, 1969). The régulation of IgE antibody resﬁ%ﬁqg in an -

’
)

antigen-specific manner by passively administered IgG antibodies has
beén demonstrated in rats. by Tadg‘énd Okumura (1971). Ishizaka and

Okudaira (1972). reported that passive traﬁsfer of anti-OA 1gG A

antibodies in mice suppressed the induction of both IgE a&d lgG

'aptibodies against OA. However; the adminiétration,of antibodies.did .

5

fot terminate pre-existing IgE antibody formation nor did they

suppress secondary antibody reépohses; In contrast Tada and Okumura
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®

(1971) reported that’ in rats passively {ransfprred antibodies'} oo

preferentially suppressed nof only the induction of IgE antibody

response but also -terminated an ongoing IgE°response. h -
. » . In our system passive transfer of the serum gbtained from QNP-

BP-treated mice (injected with 109 DNP-BP 14§, 14 and 12 days prior to

bleeding), failed to suppress the injfction or to terminate the pre-

existing antibody response. However, the same volume of serum .

obtained.from DNP-BP-treated; DNP-OA challenged mice’ (21 days after
DNP-OA injection) FhowedAvery strqﬂF suppressive effect on the

.o induction of primary anti-DNP IgE resp®Ws€. The IgG response however, -

" - was not much affected. Ishizaka and Okudaira (1972) have shown that
” L] . -

v

after the disappearance of passiveiy transferred antibodies an

~
L] .

‘essenﬁiél}y-normai immune fesponse couldidévelop Fic mice and both IgE .
’ ;; . ) - \,

and IgG antibodies were detected in the serum 40 days after primary

immunfzation. However, in our system mice passively injected with

serum were unable to‘méunt‘IgE antibody response for at least 6 .
—— . - . - . .

weeks. ’ - } . .

These data together with the results obtained in a bompanative

~

’ . study on different strains of mice (whefe high IgE responders, €57

a

BL/6, DBA/2 and BALB/Q, atso mounﬁed eitremely high levels of 1gG .

antibodies) suggested that antibody feedback can not be the exclusive. . -

mechanism responsible for IgE selective suppression observed in the

present experiments in CBA' mice.
. . + .
The possibility that the high IgG levels in the serum of DNP-
BP-treated, DNP-OA injected mice were responsiblé'for'the passively

induced 1gE suppression was rpuled out when absorbed_sérum (depleted,

of apti-DN? and anti-OA antibodies) showed the suppressive’ effect not
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, only on'the induction but also on an ongoing anti-DNP-IgE antibody

~

responsé (Fig. 9). On the other /hand absorbed serum from DNP-CE-

tréated, DNP-0A injécted mice failed to show any suppressive effect

# 3

under identical experimental conditions amnd such unabsorbed 3erum

showed marked suppression. -

’

Taken collectively these results strongly argue against the

-

possibility of antibody feedback suppression o§€rating in our

. v'  experimental system., Two possible mechanisms could then. be involved:

.-
a~y

) al an IgE-selectjve, antigen-nonreactive suppressor’molecule 'or, b)
L 2 - L
‘an auto;anti—idiotyp‘p rggulatory mechanism. - - | ~

The experiment &h.Which absorbed ‘serum ‘(AS) was fractionated on

- 1

sephadex G-100-column showed that suppressive activity was associated

- . .
.

. wi;h two serum fractions. Fraction 1, which cpntained the vo#8 volume

»
-
f »

and Fraction 4, approximating the molecular weight of cytochrome G

. (12,500 d). Passive transfer of these fractions in normal syngeneic

. mice affected the induction and persistence of anti-DNP 1gE , L2

- f - .

antibodfes after primary immunization with DNP-OA. The low molecular

- - ’

Aweight'fqaction (Fr. 4) shé&ed‘%ome.supgréssive effect on the

induction of IgG antibody response as well but this difference as v“
compared tq other groups was not very significant. . .

The presence of the suppressive activity'in an immunoglobulin-

" containing fraction (Fr..1) provided stufficient circumstantial !

L.

. ) N .
evidence to suggest that auto-anti-idiotypic antibodies were

a

involved. More convinqing;évidence for the association of anti-

idiotypic activity with Fr. 1 was provided by the inhibition of RIA
. where the binding of 125I-DNP—BSA to anti-DNP antibbdies (fdiot&pe)

was pfeveﬁtgd by incubating the idiotype-coated wells first with the

—_~
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serum containing the putative anti-idiotypic (ald) activity. This

‘inhibition was directly dependent on the concentration (dilution) of

-~

serum which contained ‘anti-idiotypic activity and was not observed

when idiotype-coated wells were jincubated with normal mouse serum. It

, _ : \ '
was interesting to note that nonabsorbed serum (NAS, obtained form
; . -

DNP-BP-treated, DNP-dA challenged mice), failed to react with

-
a, ’ . e \ . . -
idiotype (anti-DNP antibvdies) and to inhibit tile binding of 125

DNP-BSA to idiotype (1d). However, the same serum after.depletion of

anti-DNP and anti-=0A antibodies (AS) did bind to the anti-DNP .

antibodies. This can be explained by assuming that the nonabsorbed

serum (NAS) contained idiotype iﬁ excess of anti-idiotypic antibodies

and both. coexist, mainl oluble complexes. Thus when such a serum

L}

is allowed to react
Once the serum is absorbed on DWP-BSA-sepharose (ana OA-sepharose)

immunosorbents the anti-DNP antibodies (idiotype) are removed and -

anti-idiotypic antibodies are free to

~ .

¢
idiotype-anti-idiotype complexes in the serum with the observation

. v . ) .
that after passage of‘;hé serum through DNP-BSA-sepharose, anti-DNP

’

antibodies are removed but anti-idiotypic antibodies remain free in

the effluent. This can be explained by assuming that the binding

. . \ ¢

affinity of anti-DNP antibodies for DNP-BSA-sepharose -is much

»

stronger than.the affinity of anti-idiq;xpi;*antibodies for the

-

idiotype. Thus when the serum is passed through DNP-BSA-sepharose,

the anti-idiotypic antibodies dissociate from the idiotype by the

h .

high-affinity-bindirg hapten. However, the gfésence of some ald-ld-

. -

DNP- ingoluble complexes on the column can riots be ruled out. L

-




-
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The evidence for the assumption that Id and ald coexist in the
form of soluble complexes was provided by an experiment in which
<7 \ M 1
N i
nonabsorbed serum was serially diluted and mixed with a constant

~
-

volume of absorbed serum (AS). The'constaﬁt amount of AS added into -

each dilution of NAS showed on its owﬁ %6% 'inhibition of 125I-DNP-BSA

bindingseo anti-DNP antiboaies (1d) (Fig. 13). However, when the same

- LN
volume of AS was added to NAS, it was unable to interfere withalzsl-
. : - .

DNP-BSA binding to Id. As the NAS was further dilutéhkthe inhibitory

E

effect started-to reappear. When the same procedure was applied to

. . .
normal mouse serum.the anti-idiotypic activity was present
% - .

throughout. It was interesting to npfe that the low molecu}a& weight
™ r
Eraction (Fr. 4) which'also demonstfated the suppressive effect in

the rec1p1ent mlce, jalled to react with Id, indicating the existance

of yet another moIecule, wh1ch can med1ate antigen-specific
A - N

suppression buc is not reactive with antigen.

.

. bl ‘ "
As far as fraction 1 (Fr. 1) is concerned there is ample

‘

cirtumstantial evidence to indicate that it contains anti-idiotypic

antibodles ice. (a) the gel filtration profile {the suppressive

activity was present in the void volume where all 1mmunoglobulins

‘were present), (b) the removal of anti-DNP and ‘anti-0A antibodies

-,

from the serum withlsuppfessiVe activity fails to eliminate the

~

.suppréssf@e propertyabf‘the serum, érguing,strongly’against the IgG

e

. antibody feedback as an exclusive mechanism of suﬁptessionﬁ (c¢) thHe

» ) .
suppressive serum (AS)'specifically reacts with anti-DNP éntibodies

ol
and inhibits the binding of iodinated DNP-BSA to anti-DNP antibodies

4in a concenttation—dependent manner. (d) this suppressive serum

.

. 'suppresses anpi-DNP I1gE responses iﬂ vivo upon‘passive transfer into

. - ' b 4
& ) .
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normal or priméd mice. It may, thefefore, be reasohéble to suggest
that the antigenfspecific and IgE—se}gctive suppression observed; in
DNP-BP-treated, DNP-0A challe;g;d CBA/J mice works via aytologous
anti-idiotypic antibodies.

fhe aBilitf of #n animal to mount an immune response against
aJEblogous (Rodkey, 1974; Kluékens and Kohler 1974; Bankert and ¥
Pressmann, 1976; Goidl et al., 19803, 1980b, 19§3) and ‘isologous
idiotypes (Sirisinha and Eisen, 1971;'Eichmann,vi972; Sgkato and

Eisen, 1975; Blaser et al., 1979, 1980) has been well documented.

Furthermore, idiotypic-anti-idiotypic interactions have been shown-to

-

N

play an importaét role in the\regulation of the 'immune responses in
laborétory ;nimals (Hart EE al., 1972; Binz and Wig%ell, 1976{
Yamamoto et al., 1979; Brown and Rodky, 1979; Reth et al., 1981;
Bléser ané’de Weck, 1952)( Thusfar, three different approaches have
been.embldyed by various workers ‘o;inauce anti-idiotypic antib;dﬁesh

The first approaeh involved hyperimmunization of animals with a

3

-given (usually T-independent) antigen. Kluskens and Kohler ¢1974) and

’ .
Cosenza ‘(1976) have previously reported that hyperimmunization of

mice with pueumococcal antigen containing phospﬁorylcholine induded~
o - . S

the production of anti-idiotypic antibodies or idiotype-specific

plaque forming cells (PFC). Similarly, such.aﬁti-idiotybic antibodies

have also been produced in various other antigenic systems (Sc¢hrater

[

"gg al., 1979; Fernandez and Moller, 1979; Brown and Rodkey, 1979; S&

et al., ¥979; Dzierzak et al., 1980, 1981).

The sécond~approach involved immunization of animals with

isologous. or 'heterologous idiotypes in combination with adjuvapt,

s

which usually resulted in high levels of anti-idiotypic antibodies
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(Granto et gl;, 1974; sakato and Eisen, 1&75;;Bona and .Paul, 1979; .- _
Blaser et al., 1981b).

The third approach made use of ihe hapten reactive T helper

cells for the induction of anti-idiotypic antibodies folléwing
. ‘

-

immunization with hapten-conjugated idiotypes (Iverson, 1970; .
Yamamoto EE'él.; 1980).

The results obtained during our study indicate that Qnti— ‘ - .
idiotypic qntibodies may appear during the course of “normal ’
immunization using a‘T—dependent“éntigén and_that they gr; .
.botentia11§ capgble:of markedly.suﬁpressing the ant{—DNP—IgE“
response. It has been shown by others that:the_expression of most
idiotypes "among immunoglobulins is genetically linked to- H-chain
allotypes which are controlled by %he immunogigbulip constan£_heavy N
loéus and antibodies of difgerent classes bear s;milaf‘or idénticél
idiotype; klmanishi‘gg gl.; 1975;:Wéigert'and.Pottef, £977; Dessein
et al., 1980; Hirano et 23.,,1983):‘Howsyer, the studies doﬁe i; mice S .
to eiubidate'thg‘regulatofy effect of ag;i-idiotypi; antibodies | . .
§pecific for phosphorylcholine‘(P%)‘of Benzylpenicilloyl (BPO) » B . B
- haptens have sugéessed that IgE antibody formation is particﬁlérly
susceptible to.suppression by the aﬁtifidioiypic antiéodies (Blaser

and de Weck, 1982). The high' degre® of susceptibility‘of the IgE

system could be attributed to it's low concentration in the serum, to . g

P -

its exclusively T-dependent regulation, to its ‘short.half-life.or, to

a speciai susceptibility of cglls fegulating and/or producing IgE

o
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antibodies to the activity of the anti-Id antibodies. Thus, IgE

selective supﬁressibﬁ in our system is consistent with findings of
v

Blaser and de Weck (1980, 1981a,b).

Anti-DNP ant@body response is generally considered as

- idiotypically heterogeneous (Askonas et al., 1970). Schrater et al., '

(1979) reported a decline in BALB/C and AKR mice of the angi—TNP~
2 , . ] <

plaque forming cell (PFC) response between 4 ard 7 days after

,immunization with TNP-Ficoll. They attributed this decline to

putative anti-idiotypic auto-antibodies which were bound on the

- surface of anti—TNPyanﬁibody-secreting cells,.but they were unable to

prdvide'informatiop'about the idiotypg(s) against which the putative
antiéid_ahtibadies were direcged (Goidl et gl.,'1979). However,
Dzierzak’é£ alr, (1980, 1981) reported that following‘bobs£er with
DﬁP—OA, BALB/C mice produced angi—DNP antibodies and PFC belonging to
the M460 idiotype. Idiotype‘460 is represented.ip all immunoglobplin
classes including IgE isotype for a transient period of 'time and is |
considefed a dominant idiotype. Furthermore, they conclu@ed“thai EQF

regulati isotype expression is independent of the regulation of
idiotype expression in this sfétem. ' .

\ .

\ . o o

In the DNP-BP/DNP-OA system at the present time, we are unable
to provide any information qegardihgithe number of idiotypés and

their prevalence in the serum of CBA mice, but we believe, however,

that the IgE'antfbodies may share commonfidiotybe(s) with othéf Ig

-classes. ip this way ;he4capacity of PNP-BP to stimulate high levels

.of DNP-BP 1gG antibodies may be primarily responsible for the,aﬁti-

idiotype-mediated IgE selective suppreséion observed.

.

-
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We have shown in our experiments-thaﬁ passive administration of

absorbed serum'(conteining putative anti-Id antibody) in unprimed and

DNP-OA primed syngeneic mice results in the IgE—seIective,‘DNé—

ES

[N

specific suppression.‘Although this suppression is only partial, the

’

. - ‘
IgE levels in the group receiving AS obtained from DNP-BP-treated-
DNP-OA challenged mice are significantly lower than detected in

recipients of \NMS or in noninjected control. Concomitant

administration of anti-Id antibddies'and of antigen leads to a

temporary depre551on of the pr1mary response in the BPO system but

-

does nat cause the long-lastlng suppression observed in animals

actively producing anti—Id,antibodies ‘pélsef et al., 1980).

Furthermore, these authors have shown that a single i.v. injection of .

anti—BPO.anti—idiotypic antibodies in BALB/C mice specifically

suppressed an already esteblished IgE response for 2-3 weeks (Blaserx

et él., 1980), while an' established anti-PC IgE'resoonse is

* -

suppressed in BALB/C miee.by two i.v. injections of anti-T15 anti-

o

iaiovypic antibodies. The suppression -induced in this way was

maintained despite repeated immunizations with antigen in alum
, » .

(Blaser et al., .1979). Similar results By passiée administration of

antisera contalnlng anti- idlotypic antlbodles were reported in guinea

p1gs w1th various antigens. Passive administration of serum in guinea

pigs obtained from. animals tmmunized thh syngeneic pur1f1éd ant1—

BPO-BGG antibodies resulted in a marked suppressxon of IgE antibody

response for 3-4 weeks (Geezy et al., 1978) The ' suppress1on of the

" 1gE antibody response by actively producing ant1 idiotypic antibodies

has been shown in various: experimental systems. BALB/C mice, forced

to make anti-Ti5 idiotype antibodies by multiple 1nject;ons of T15

1

»11‘2

<
[



idiotype and then immunized with PC-KLH in alum showed, highly

suppfessed anti-PC IgE responses. Siﬁilarly, BALB/C mice immunized °

‘with syngeneic anti-BPO IgG antibodies were unable to produce anti " .

BPO IgE upon repeated injections of BPO-0OA (Blaéer and de Weck,

.

1982). “
- However, in the DNP—BP/DNP—QA system the suppression of the

anti-DNP IgE response occured in the process of normal immunization

. .

‘with an extraneous antigen, and not as a result of. intentional

immunization with idiotype.

Our studies showed that normal spleen cells incubated in vitro =
for -18 hrs. with the serum containing the‘putaﬁive aﬁti«idiotypic

antibodies, in the .absence of éntigen and transferred into x-

irradiated recipients, had suppressed primary but nbt secondary

-anti-DNP IgE responses following challenge of the recipient -with

DNP-0OA in alum. On the other hand normgl mouse serum.had'no effect.

* By taking advantage of thejidiOtypic homégeneity:in anti-PC

antibody in BALB/C mice and the easy availability of TEPC-15 @yeldma.‘

. protein (T15), the effect of anti-idiotypic antibodies was studied in

vitro (Kim, 1979). The presencé of anti-T15 Id'antiBody for at least o

2 days was necessary to achieve a full level of irreversible

suéﬁrgssioﬁ’of anti—PC ppoéucfioﬁ in ;he“présenee<of relevant aﬁtigen
§36; (Kim, 1979; Massey and Kim, 1981). Moreover, wﬁen spleen éells

’ : : . } .
Qere tréaced'(ig vitro) with anti-idio;ypic antibodies in the absence
of relevan; antigen, they ghowed reﬁersible‘;olerance in vitro
éuituxe (kiﬁ; 1959). Furghermore,.cultures containing either ‘
unfractionated spleen ceils o‘iB cellaeﬁr;ghéd populations Ehat,had S .

been pre-exposed to antigen for longer than 24 hrs. in the absence of

v
v




anti—idiotypic“antiboaies were no longer susceptible to anti; ‘
;diorypi; suppression -(Massey and Kim, 1981). In a stseduépt study
using BALB/C mice’and thg ?C system, Kim et il;,'(iééB) havé.repdrted
that aﬁti-idiotypid’antibcdy exerts its'inhibirory signallddring
early B cell ;riggering. A similar antigen—dependeqt effect of anti-

immunoglobulin sera-on the induction of B cell tolerance was observed

by others (Pierce et al., 1972; Scott et al.,-1977; Ligler et al.,
1978). - . . _ -

Our results do not show which population of Ehe‘spleen cells is
affécted b; iﬂ vitro treatment. The fact that the transferred cells

L4
3

can mount a normal secondary anti-DNp response suggests that priming

’

occured. This can'be explained by assuming that the in vitro

-

Ereagment of normal spleen cells with serum containing putative anti-

-

‘ idiotypic antibodies resulted in the masking or blocking of the

receptors present on antigen reactive spleen cells. It is quite

possible that in this éituatiqnﬂthg primary response could be weak or

- -

delayed (due to the normal immunoglobulin turnover); h0we§er, in our

=4

- experiment, we monitored the response to day 28 after primary

immunizatioﬁ and was found-negative. Ishizaka and Okudaira {1972)

)

sh¢wedithat an i.v. injection of mouse anti-OA IgG antib&dy into-
. DBA/1 mice within 24 hr.,after primary immuniéation with OA prevented
both IgE and IgG,‘antibody responses for a’ perlod of over 3 weeks by

'antibody feedback;mechanism. They reported a normal primaéy anti—OA

»

antibody response 40 days following immunization, when passively - “

L)

‘administered antibodies were catabolized., Moreover, priming of B

* - . , *

cells by anti-idiotypic antibodies, as well as'antigen, was reported




v

. , j ) . » ..
by Eichmann and Rajewsky (1975). They found that IgG, fraction of

. _l

anti—A5A 1d antibodies can presensitize the "A/J mice for a sécondary

¢ .o

response challenged by strepeococcus A. ,

.\
.

It is tnteresting to note that IgG'énti—DNP productiion was also

_affected unlike in the in vivo treatments. This can bé explained if

)

‘wé assume that the number of\IgG B cell carrying the DNP-reactive

idiotype, in vitro in a normal spleen culture is quite limited and

- ¢
-

. . .‘i,
therefore, more susceptible to the effects 0F-amnti-Id antibodies than
N - y

the large population of' DNP-reactive cells available during in vivo
- v : . —_—

LM

‘ study. " '

We have also _observed that when AS obtained from DNP-BP-treated
- g’ , ’

mice was passively transferred into allogeneic DBA/2 (H-Zd) mice

prior and shortly after the immunizatidn with "DNP-OA, both the

-

. {
primary IgE and IgG antibody responses were suppressed. Furthermore,

-

it was noticed that an identical treatment in the syngenéic-system

~ ‘tnﬁ

(CBA) did not result in as marked a suppre551on as obtained with *

DBA/; Thi§ could be explalned by assumlng that when DBA/2 mice. are

1mmunized w1th DNP-0A, they express a higher, proportion of anti-DNP

antlbodles with cross ractive 1d10type then CBA mice do. It is known

L3

that mice carrying different MHC genes can share the same Igh-
A ¥ . .

-

.allotypie markers and therefore, sHarerthe idiotypic determinantss

with'the specificitQ-fof the same éntigen. In addition Ju et al”

-

(197Ba,b) and Theze and Somme (1979), reported a major set of

T

,idiotypes called C—GAT which is present ‘on ant1 GAT (L—glutamic

.

acid6OAL-a1anineaQ-L-tyrosine ") antibodies 05 all mouse stralns,
irresﬁective of fgh allotype‘markers. A

P

- ' - - 4

-
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In addition to an Ig-containing fraction, our preliminary datad

indicated that serum from DNP-BP/DNP-0OA mice contains suppressive

#"activity in a fraction that elutes from Sephadeﬁ G-100 in a region

+

. i ?
corresponding to a molecular weight of 10-12,500 daltons (fig. 10).

The nature and exact properties of this fraction. requires ) N

o

elucidation. Various IgE suppressive factors some of them of low

°

\ : | . ‘ .
molecular weight, have been reported by several laboratories (Suemura

et al, 1977; Kishimoto et al., 1978; Watanabe et al., 1978; Tung et

al., 1978; Katz and Tung 1978; Kats, 1979; Katz et al., 1980;
Sugimura SE al., 1982). None of these, however, was aqtigee
(hapten)-specific and all seemed to be T cell derived. It is
interesting to note, however, that recently a soluble factor hae been

reported by Kresina and Nisonoff (1983) in the se}um‘of.anti—P—

azéphenylarsonate cross—reactive idiotype A’(CRIA)—sﬁppressed AT

mice. This. factor was not an Ig molecile byt dpon passive transfer it -

[
’

suppressed the induction of CRIA in adult or neonatal,miée.‘This

factor has not been charédéeriied furcher. ' ‘ .
a . .
" In conclusion our data suggest that serum obtained from DNP-BP-

. -

treatedaDNP-OA injected mice contains énti-idioqypic antibodies and

. ‘ , .

an idiocypic—anti—Ldlotypic network as proposed by Jerne (1974) This . -

& ~

conclusion is supparted by the following‘observatlonsz a)»the serum
o~ *

" from DNP BP/DNP—OA—treated mlce effectively suppresses the anti- DNP

.
. " a

IgE’antibody response upon p3551ve transfer to normal recipients; b)

-
» . ¢

the supptessive effect remiains intact after exhaustive absorpCion of

ahti;ﬁﬂ? andlanti-OA antibodies,,and operates across MHC barrier when

‘iéh allotypes are shared between donor and recipient}lc) the

» ‘.
- ’ .




’ ’ ~ a : Pl

’
.

éﬁpéreésive activity of the absorbed serum resides mainly in a
. : v
fractien eluting from sephadex G-100, with tHe main bulk of Ig; d)

k]

. " the absorbed suppressive serum contains anti-idiotypic activity, as *. .

demonstrated by solid phase RIA inhibition.
. 4 . - .
-These findings perhaps represent the first direct demonstration

- ’
a .

of-T—debendenz,.adtigeniindﬁced auto— anti-idiotypic regula®on of - con
the IgE antibody resbonse in mice. . , . I
. . ' il
Human immunotherapy of allergic diseaseifié presently based on \\

4

the p?inciplg of the induction of high levels of 1IgG blocking
N : ® .

antibodiés produced in response to repeated injections of the

relevant allergen. The pfesent investigation may constitute the basis -

&

for explaining the benegjéial results of immunotherapy in terms of

~

auto-anti-idiotypic regulation occuring as a result of increase in

anti;allérgen IgG levels. : ‘

AT
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