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ABSTRACT ° -

° [}
L]

Po]‘ymerdzétion'ofrpnote'ln .‘aul‘l‘ergens with glutaraldenyde (GA'\)'has_ |
been s'noycn to 1ead.to decreased local or systemic adverse reactions when
used in human hyposensitization ‘therapy. At £he same time, ciinical
‘trials have revealed that their innu.g‘noth:erapeutic va]ue‘_was at Teast as
good,"and 1n many ca}e's “sig_nific‘antly better than that of.,‘t'he'
corgesoonding conventionel native allergen ext'r‘a,g:ts.. De.spiie these‘ |
~ advantages their mechanism of- action remains. unclear. .

The purpose of this study was to defoe‘rm’ne the characteristics and
classification of immunos:uoporéssfve' activit} est'ab-/lished'as a

. ‘
consequence of treatment witk GA-proteins.

Treatment of mice, a wid‘eiy accepted animal prototype for human
allergy, with GA-pol);merized ovalbumin (OA—POLj led to highly efficient
antigen-specific soppression of primary. and secondariy I'gt responses. On
the other h_and,'IgG antibody and delayed hypersensitivity responses were
not suppressed. Decre‘ased bind'ing to antibod1es,aga1nst-:c'he native QA
mo]ecule‘occurred with all 'GA-modified OA preparations regardie‘ss of
.whether they were polymerized or not. ,On the other hand, the abﬂit)/(
suppress IgE responses appeared to correlate directly with the s1z,e of
. the polymers used. Suppression was transferable to synggne'!c recipien{ts
and depended upon the presence in ’tne donor spl'eens of live Thy 1.2+ and
Lyt 1+ 1ymphocytes. | -

OA-POL treatment of mice pre'iously 1mmun1zed with OA (aIum)

abrogated ongoing IgE responses. Not only were IgE anti-0A reSponses 8-

10 fold louer in the treated group, but anamnestic IgE responses were,

‘)

prevented. Abrogation perstted for over 300 days desp1te mu]t1ple 0A

it -




.

(a1om)'boosters. These resdits, taken in comhinafion wiﬁo.EiperimEnts
'demonstratiog undiménished antigen- and IgE iSotype-spedifig suppress;on .
' more than seven montos after a!single course of OA-§0L pretreatment"
sug?ested the existence of memory suppressor T cells. Direct evidence
for such cells was obtained 1n adoptive transfer experiments//ﬁere
' memory Ts cel]s were shown to be long-1ived (> 200 d), rapid\y
recallable and displaying greater suppress1ye activity_than conventiona)
"primary" suppressor ceTls, . . | | ‘

The study suggests 'that homeostasis of IgE responses may be’
maintained at ]east in part, by 1ong -1ived and boosterable antigen-
spec1f1c, 1sot¥pe—se1ect1ve suppressor T cells. The experimentalf
manipulation of such ce]ls 1nd1cates that 1ncreas1ng their activity may~
provide a useful approach for the selective regulation of IgE- mediated

hypersensitivity. o

R o
. ' ) ( ) : . 1~ T
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- ~+ INTRODUCTION ,

The diseovery of Igk as a distinct class-of skin-sensitiiing

]

ant1bod1es by Ish1zaka et al (1966) and its 1mmunochem1caﬂ
characterization by Bennich (Johansson & Bennich, 1967) can be
considered to mark the beginning of modern research into ‘immediate
hypersensitivity. Since that time, considereb1e progress has been
made towards a clearer understanding of how IgE synthesis pccuﬁs, how
its prdduction is redu15ted and the mean§’by which it initiates tne

series of events associated with 1mmed1ate hypersens1tLv1ty.
« N
Delineation of the central mechanisms regu]at1ng IgE responses

may provide valuable clues for the understand1ng of regu?atory‘
> e
1nteract1ons governing immune ‘responses as a who]e (Katz, 1980). Such

study has already provided broad 1n51ghts into immunoglobu11n gene
rearrangement (Yaoita et al., 1982), mechanisms of ,immune tolerance ‘
(Ishizaka, 1980), and immunodeficiency diseases (Buckle& et al., 1978)

At.the same time, this research may provide us with new and more

effective tools forithe management of Igk mediated allergic disease_ in

-

-

humans . o -

Establishment of anima1 ﬁrototypes capable of boosterab1e IgE
antibody responses provided a model for human atop1c d1sease
(Revoltella & Ovary, 1969, Lev1ne & Vaz, 1970) The necessity of
$e1ecting appropr1ate high responder strains of mice, adJuvant
schedules and routes of 1mmun1zat1on for persistent TgE productiqn was

\

established in the early 1970 s and has been extens1vely reviewed

(Ovary,1198], Lehrer & Bozelka, 1982). . . .
Unsuccessful attempts to stimulate IgE pr&duction in nude mice
(M{chael, & Bernstein, 1973) and in neonatally thymectomized rats

3 13




{Okumura. & Tada, 1'971) soon estarolishe,d tne strong T dep'e'ndence of IgE'
responses.‘ it was later shown that aitnough Be c'eils can be primed,
. (proliferation without differentiation) with both T dependent and T
.independent antigens in nude mice, the participation of hel per T cells
(Th) is essential.for the formation of IgE.producing plasma ce]ls or
of iong-iived B memory.'e,ils (0i<udaira et al .., 1980) .

' Col]aborative interactions between B and Th celis of a type
similar to those. previousiy estab]ished for most antibody production
in other Ig ciasses (r_iitchison’, 1969), was shown by Ishizaka (Okudaira
& Ishizaka, 1973)'to.be required for murine‘IgE production as -we'li.'
thus, recognition of carrier Jdeterminan.ts by Th cells le'adsh ult‘imateiy
to production of anti-hapten antibody bj‘ Be ce]v’ls which differentiate
into IgE producing plasma cells or B.e memory cells, However, the‘
functional similarities between Be -Th interactions and By-Th
interactions do not netessari]y mean that the same helper T cell
cooperates with both B celis. Studies in both rabbits and mice during
the mid 1970's produced‘evidénce supportive of discrete,
isotype-selective helper T cell popu‘lations (Kisnimoto_ & .Ishizaka,
11973 a; Kishimoto & Is‘nizaka,'i973 b; Hamaoka’ et al., 1974; Kojima &
Ovary, 1975). S

During this eame period, cells ca‘pabie of suppressing ‘IgE’
antibody responses were@,irst observed. Rats, characteristicaiiy/
displaying ver); low, unboostable IgE‘ titers, could be converted to
patterns of eustained Ab synthesig of cons,i_derable magnitude by |
experimentai manipu]ations such as ]ow dose irradiation or

.cyclophosphamide treatment (Tada, 1978). The finding that such

enhanced IgE responses could be terminated by transfer of syngeneic




thymocytes or spleen cells provided direct e'v1denc'e that.the limited,
‘trans1vtory‘IgE levels in normal rats_we;‘e a consequence of a dominant
suppressor T cell (Ts) mechanism. A ‘variety of experiments, (Reviewed
in.Katz, 1980) demonstrated ,1:J‘1'at similar n!anjpulaéions wou]d‘
_selectiveiy incfease the magnitgde of IgE production in mice.
Concurrently it was found thét 3-5% of: qvormai unprimed murine
splenocytes are surface IgE+, in sr;itg of very low sérum IgE
’concentrations‘ and that an identical number of B were bresent in
R highy low and_non-responder mice (Teale et al., 1981), -
/Taken as a whole, this information suggested that differenqes in
IgE responsiveness were not attributable to simple variations in the
~quantity of B cells av'ailable for antigenic stimulation, nor that
faulty m;acrophagé Brocess‘ing was responsible (as 1is often the case for '
non-responders in other Ig classes), ‘but rather that the regulation of
IgE §ynthesis is normally dominated by suppressive meéhanisms 'that'
limit IgE prod'uct'ion. ' The realization that natural
(1munopathoiog1cal) or experimental. decreases in Ts cell numbers or.
activity led to enhanced IgE.'prod.uction suggested to several
investigators that increases in Ts activity might have t;he obposite
" effect, thus providing_an effective means of limiting IgE responses.
‘ , '

Exp'erimental "Strategies for‘the manipulation of IgE responses

(1) Tolerance 4 )
Considerable effort has focused on%entifying those stages of
| JgE induction that are most amenable t:‘suppress1on.l One appreach is
diAréct tolerization of mature Be'ceHs. }Ant1gen- and 'igE‘

1sofype-se1ect1ve tolerancé has been induced 1in both naive and



previqusly'Sens:'Itized an1m1§ by several methods. Repeated feeding of
protein antigens (Vaz et al., 1977), injection of antigen covalently
coluplgd to. nonimmunogenic carriers such as isologous gamma glo‘bulin
(Filion et al, 1980) synthetic polyaminoacid copolymers such as D;GL
(Katz" & Bgrel, 1978) or polysaccharides (Hatan_abe et al, 1977'\), and a
variety of ot:\er protocols have succéssquy established B cell.
'tolerénce. / | |
Alternatively, because the differentiation-of B@I cells to IgE/
forming p]a;rﬁé cells is known to be highly T dependent, one might
suppress antibody formation by reducing helper T cell activity. This
. was attempted by the repeated intravenous injection of deaggregated
ovalbumin, 'Long-’lived Th cell té]er:anc_e was successfully 1nducgd in

the absen,ée of demonstrable suppressor T cells (Colby & Strejan,

1980).

(i) Id1'o.t,ype Suppression ‘

Tﬁe o}icurrence of identical or cross-regctive idiotypes among
antibodies and 1ymphoc'y,"ce receptors of different individuals witﬁin
,'theﬂsame inbred strain has made it poss1b1e to regulate certain immune
responses by the Zorrespondmg anti- 1d1otyp1c ant'lbodies (a-id). This
approach may prove particular]y fru'ltful when the IgE response is of
restricted heterogeneity. ' ‘

The effects of passively admin1ster'ed;1so]ogbus' a-id antibodies

‘5 on IgE ;nd 1g6 ant1-benzylpgn'1ci1loyl hapten (a-BP0) responses fin
BALB/c mice were studied. Following immunization with BPO-carrier
‘conjugates and treatment with a- id, these. mice d1sp1ayed depressed

*

anti-BPO levels for 2-3 weeks without change in thetr response to the

—
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carrier protein (Blaser et al., 1980). Induction of auto}ogous a- id
responses was achieved in naive or BPO-primed mice by immunization,
with affinity ,purified anti-BPO antibodies obtained from separ‘ate
syngeneic BPO immunized mice. These mice, actively producing ant_i-id
antibodies, exhibited long-term (>25 weeks) suppression of a‘_nti-'BiSO
IgE and IgG re;ponses when boosted with BPO-carrier conjugates (Blaser
& de Weck, 1982). ’ |

Analogous experiments gave similar results for the inducti_.on of

unresponsiveness to the hapten phosphorylcholine, a major anti,'genic

dete'rﬁiinant of Diplococcus pneumoniae (Blaser et al., 1979).
Anti-hapten anti-id antibodies are now- known to induce hapten-‘spe‘cific
Ts celis whi‘ch selectiveiy‘suppreés the formation of the rgl evant Id

with anti-hapten specificity.

4 N

Suppression of IgE responses to protein antigens, .of particular
"interest here was also achieved following the induction of autologous
a-id. Thus, anti-0A antibodies produced in different individuals of

the"‘same s?rain were used to immuhi ze BALB/c micé and resul ted“in the

" production of anti-*anti-0A ddiotype*. 1IgE aqd.IgG responses to

haptens presented for imunizatiori as hapte‘n-OA conjugates .and, to a
Tesser extent, an‘ti-;‘bA responses themseires,were suppressed. The
exact mechanism of IgE antibody suppression by ariti-id ag~a1nst
anti-carrier antibodies remains’ unc]ear (Biaser et al., }1981) Two
important caveats to the concept of therapeutic idiotype suppression
should be noted. Induction of auto-anti‘-id in humans may be
significantly harder to achieve. Even should such inductio*n be

possible, idiotypic shift might constitute a problem. Secondly,

passive administration of a-id to humans has been shown to elicit
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Prausnitz-Kustner reactions, presumab]y by crbsslihking of mast

f LY

ce11-50und id+ Igk. Active induct1on of anti- id ant1b0d1es might -

" result in recurrent allerg1c phenomena such- as chron1c urt1car1a.

Whether the concentration of anti-id induced by treatment would be

sufficiently high to cause such negative side effects remains to be

seen.

(§i1) T suppressor tells: Isotype-specific

Perhaps the most intensive area of study in IgE immunoregulation

consists of thosF strategies designed to enhance Ts}numbers/activ%ty.

The' most prominent'cqusequence to date is shat‘uo consensus can .be
reached on the nature of Ts‘ce]](s). Excellent, often contradictory,
eujdeuce supports.the existence of IgE class-specific Ts cells,
antigen-specific Ts Cells, and concoﬁitantﬁy antigen; end

class-specific Ts cells, '

' : &
.. Initial .identification of antjgen non-specific Ts cells in low

responder SJL mice was immed;stely followed by reports that these
cells were IgE cless=speciffc. Elfmination of Lyt 1 ,but not of Lyt

2, cells abo]1shed the capac1ty of SJL spleen ce]]s to suppress IgE

responses (Natanabe et al.,. 1976 1977). Suppressive factors later

1solated from these cells were shown to be free of Ig determ1nants and .

gsedter than 300,000 d. molecular we1ght.
DNP-coup1ed nycobacteria have been used to e]icit class selective

Tsccells in BALB/c mice. Suppression was haptenfspecific for its

“induction but non-specific in ifs effect as IgE responses to a variety

of non-crossreactive antigens were also suppressed. (Reviewed in

Kishimoto, 1982). Recent experiments by the same group with

L
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findings (Kismmoto et al., 19§1

L]

for this system-as well. IgE selective Ts 'ch activity was enhanced
tn mice injected“-wi't‘h complete Freund-“s adjuvant. The serum of such
mice was found tp coptain two so]ub]é factors, one enhancing (EFA),

" and one Quppressive (SFA),. that affect IgE responses in an
isotype-specific manner (Katz, 1980). These factors could be obtained
from both Tow and high responder mice and acted across MHC and species
restriction barriers (Katz et al, 1980). SFA:EFA ratios are thought
to determine the magniturle of IgE responses.

Thus, several dinvestigators argue that features 01; IgE responses
not easi\ly demonstrated in IgM or IgG antibody responses could bg
suppressor T cells and their soluble factors. Kishimote (1982)
suggests that if natural in Av1.vo IgE responses are really regulated by
a balance of The and Tse cells, ‘1't is coleivable thp't 1n<_1uctj‘on of an
1ncreased. number of IgE class-specific Ts cells might result :fn
selective d1n;1nution of IgE production while sparing that'of other Ig

1 .

- fsotypes. -

(iv) T suppressor cells: A’ntigen-spedfic

Anti'gen-spectfic Ts cell activit,\} ‘that 1s class non-selective in
'ﬂzs expression his been elicited 1;i murine models by several

approaches. Of particular interest here are those strategies

Y

phosphory]choljwe!mycobacterium congugates support their previous \

o . "."\, N Also supportive of antigen-non-specific regulatory mechanisms
P 0 . :
- 1.}. .
"‘ W L. ’!e]ectivﬂy acting upon murine IgE respomses are the data obtained by
:‘~ . “Katz ahd colleagues. An essential role for mycobacterium is indicated
- t

explained by the existence of IgE class-selective helper and-

Vo
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Beginning in 1975 Ishizaka et al H ca;med out an‘?xter\s# ve study
of the chemical ,‘and b1o1qg1cal. cha'r ‘:‘, rjst_ms of urea-,denatured R
proteli.n allergens. ~Dene;ured,' aggregate;‘f«'ntigen E and OA derivatives
were prepared by the use of 8'M u?“'“ea., lilthough losing the capacity to )

- .combine with antibody, ;hese'prepérafions were found to be capahle of

priming antiggn-s‘pe'cific mous‘é Th ce]_]s if they were injected in
‘as‘sociati_on with adjuvant (Is;hizaka et a].,-1975; .Takétsu‘ & Ishizaka, .
1975).- In‘contrast, intravenous i“njection ef-urea-;ienature'e-ovalbumin
(UD-OA)‘into OA-primed mice suppressed both IgE a'ndeQG antibody
responses. Carri‘er-Sp'ecifie 'Ts ge]]s were demonstrated by adoptive
transfer (Takatsu & Ishizaka, 1976). Consequent in vitro studies
demonstrated that $4 hour incubatitn of splen'ic-;lymphqcytes from UD-OA

-,

treated m{ce with OA or OA-bearing macrophqge§ enhanced their

suppressive activity (Takatsu'& Ishizaka; 1977). ¢

Sehon has pr:epared a ve}‘i’ety df conjugates of allergen nﬁ'th

non-%mmunogeni(mo]ecyles in the belief that antigen:in
non-immunogenic form favors sejeg_‘give activatipn.??f Ts ceUs {Lee & -
Sehon, 1978; Sehon & Lee,‘ui9'8']).' _Tre‘atment of mic® with
; a'r\ti.'geh-eo1y\vinyl alcoho} (PVA) or antigeﬂ—'polyet‘hylen'e glyco‘i ‘(PEG)'
Aconjugates‘. resulted‘in' antigen-sbeci'fic suppression of IgE and," to a
'le’sser extent, «Igfl ar;d IgG reeponses .‘ Later studies invol'ved grafting
lt'n(‘)'no'f'ﬁ;ct'ional PEG (mPEG) on'to protein allergens to obtain substituted

"monomers rather than the heterogeneous copolymers obtained with the

polyvalent PEG's mmny used « mPEG-antigen conjugates were also - T

mnunos_uppresm ve due to the generation of 'anti’gen-specific Ts cells,




[P

o s . ‘
”giv) Antigen-and 'Lsotype-'Speciftc Sugpre‘ssion

J . .
- . . . . .
. : & ’

~ - - )

Intravenous treatment of IgE producmg mice ‘mth m11h‘gram.

‘ amounts of hi gh]y substituted acetoacm.],-OA conJugates has been shown
to marked]y reduce the amma]s abﬂsty to res*pond to one subsequent ,
dmunization with OA (Bach & Bras,hler, 1975) " No concomitant

suppresswn of hemagglutmatmg or total’s*erum antibody was noted.
L]
S1gn1f1cant differences between treated and control ani mals were not
found upon later chaHenge.‘ The mechanism of suppresston was notf
. - : ot 0 v .

amined in-this system,

N t' , - B ! . - ' - :

retreatment of mice with' 0A-pultulan (a linear polymer of

glucose) resulted #n excellent antigen- and isotyp'e-speciﬁc
MN"‘ .

1

-,. suppression of IgE responses (Usui' & Matsuhashi, 1979).: A]thoujh

suppr:&ession was demonstrated fo]low'ing adepttve Qtransfer, its T cell”

[

dependence was . not determ1ned nor were the effects of treatment upon”

prev1ous]y established IgE responses exammed L. )

“> .- More recent]y, saturated fatty ac1ds (Cq12, C14, C13, C18) were
chem1ca11y coupled to OA and these hydrophoblcally modified antigen
con‘jugates-were used to treat BALB/c .mice (Seuawa et al., 1981).» IgE,
responsesqof both naive and. p‘rime'd mice were gu})pressed in an isotype-

and antigén-specific manner when palmitic "aci d-0A ‘conjugates w‘er'e'.’

‘ useu;' However, the n:d'lum to long-term efficiency of such treatment

ts unk.nown as_good anamnestic IgE responses were evident in treated
!gcoups and only a single OA (aium) booster was administered to ‘test
tne res.ﬂ'l'ence of suppress1on.. Ts cells nere dennnstr;ted by adoptive

'transfer but because the levels of Ig6 in the. recipients were “not

‘reported tbe 1sotypic specif1c1ty of these Ts cells remams unclear,

fﬁ
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Studies of Human"m»“ FQy

From ’the beginning nf this century a concerted attempt  has heen
made to determine the geneti; factors underlying human susceptibility
to atopy. Considerable progress has been made towards understanding

hyperresponsiveness of the imm@ne system as a whole as well as the

' genetic basis for immune responsiveness to particular allergens.

10

Single gene hypotheses, previously accepted as explanatory of' .

hypersensitivity, have been supplanted by.the realization that allergy

- is multifactorially determine* (Marswh ‘et "al., 1980; Bonin‘i' &N al.,

1983). Although both genetic .and environmental factors (i. allergen

exposure, presence and duration of breast feeding) have been strongly

®

implicated .in determintng sénsitivity, studies of identical twins

reared apart indicate that genetic influences upon total Ig and.

.specific antibody levels farasurpass the tnfluence of different

environmental backgrounds (Kohler et al 1‘982) .o ,".}f

It has been suggested that both HLA Ir genes as well as genes

Marsh, 1978). Pred,ispos'itio'n towards hypersensitivit’y is currently

: outside the MHC are- responsible for determining IgE levels (Black &

believed to be regulated by multiple gehes ‘inherited as Mendelian‘

recessive traits, Attempts to - recognize linkage disequilibria,

associations of two or more loci more commonly in atopics than, if.

tot'ally random assortment is made, have met with rather limited

success to date:

Therapeutic intervent'ion in allergy can ‘take many forms. ;'The_

pharmacological approach is of major ‘rmportance. A wide variety of

)

agents many highly effectiye, have been developed for symptomatic

relief, It must be conceded howev_er‘that this approach 1s at best

-
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palliative and does not -result in any change in the un.derlying state

of hypersemsitivity.. - . N

v

Immunologic approaches have been extensively studied in both

x

~ basic sc1ence and ch.mcal settings. The’ purpose is to 1nterfere

L4

immunologically at any of severa1 stages leading. to the productwn. of
elevated levels of antigen specific IgE in the sensitive 1nd1v1dua1
Implicit is the assumptmn that decreased serum IgE corre]ates with

decreased sens1t1zat1on of ma,st ce]ls/basophﬂs, hence lower

“sensitivity to the,a]]ergen.' It is now generally accep'ted that a

'concentration-dependant corre]atidn “z.exifst's"between serum Lgk and the

- .n

" in vivo number of IgE nole&ules per baséphﬂ S ‘-

L]

Immuno]ogm 1ntervept1on for the treatment of aHergy is

‘ conventwnaHy dated from the. studies of Noon (LQH) Deve]opment of

an effective hyposens1t1zat1on reg1me and ar:cur*ate ass*essmedg of its
" efficacy has often been hampered by poor ,experimental d-es1gn, smaH
samples and insufficient eontrdls (Revi’ewed. 1n No:r_man, 1982).
Currently, conventional ,hyposensiti'zattbn broce'du,res‘, established -

. a

through empirical clinical experience, usually involve.a large -number

»

‘of injections of minute doses of the sensitiziniq allergen.‘ Best

-

results are obtained when there is only one offending ailergen, in’ .

younger patients, and when higher doses of e)gtracts’can be. toterated.

Treatment must be considered potentially dangerous as maintenance

doses are usually considerably -larger than those capable of i.nducing

\

anaphylactic shock (Overell, 1978).  Indeed, a.high degree of\ local
and general reactions are’not uncomn)on and, although not dsyaﬂ(l_
serious;, constitute a very. real drawback of therapy. Although’

treatment is t_JsuaHy discontinued (after a couple of years) if marked

N




improvement is not noted, in at least one reportl patients have been
continued on conventionaﬂl fmunothérapy’ forjﬂ 35 years hefore another
approach was fried (Small and Shapiro, 1§81). ’ . X
One of the first well convtroHed, double blind tria]s- of'
hyposensitization was cqnducted in 1954 (Frank];nd & AugUStin,.-1954),

200 individuals with grass pollen fever, asthmas or both were treated

* with a mixture of grass pollen extracts (unmodified), an ultrafiltrate

or burnt sugar pfacebos. 79% of hayfe\)e( and 94% of allergic asthma

patients réported good t;) exce]lént results. Improvement was noted in

' 322 of the placebo‘ treated ‘subje‘cts. A large number of studies since
* that time havé established that'aﬂ;e* a te;nporary increase in IgE

- Tevels, most pat‘ie}\,ts receiving immunotherapy tend to display a

blaunting or a'bsence of post-seasonal .IgE rises 'an& ultimately,
decreases in IgE production asociated vﬁth symptomatic improvement as
measured by ;mptom seore indices. - ) ‘
Considerable research has been directed towards relating clinical
improvement to‘quant:lfi‘able immunologic dparameters. In addition .to

identifying a correlation between decreasqgge antigen-specific serum IgE

and symptom_score indices, decreased basophil slensitiv‘ity_to’ ragweed

' antigen E Yha¢ often been shown to correlate with sympto;n-atic
improvement \Norman, 1982).‘ Increases 1in al'lergen-Spec"ific IgG. are.

- commonly fo‘ d in pat1en'ts undergoing hyposensitization, many of whom

improve, I'g should be wnderstood however that many exceptions have
beeh reported so changes’ in immunrological paraméters are o‘f ;10 firm
predictive value {Lichtenstein et al., 1971).' In fact correlation
betyeen clinical relfef and immunological findinzs has proven

difficult in a wide range of studies (No'rman, 1982).
> .

12




Immunologic Mechanisms of Hyposensitization

. hyposensitization programs are expressly designed with the intention

{

The actual mechanism of hyposensitizati'on is an even more

®

contentious issue. In 1935 Cooke (Cooke et al., 1935) showed that
some human sera wouild bind allergens when incubated with. pollen
extract in vitro and so block the chain reaction when sensitive
individuals were exposed to that particular sample. These “blocking”
antibodies, which could be distinguished. from IgE or reagi’ns, were

initially demenstrated in patients who had received desensitization

injections. Later, blocking antibodies were recognized in the serum

< of Sbth treated and untreated atopics and were shown to be

a]]ergen-?spec1f1c I4qG (L1chtenste1n et a] 1968) They were presumed

to block the aHerg1c respo%e in vivo by comb1n1ng with allergen in

o

the fluid phase, ‘preventmg jts interaction w1th cell-bound IgE. Many

. A
of elevating IgG and this, rather than changes in IgE, is often the

parameter measured.

i

Although a significant correlation has often been found between

increases in I'gG and decreases in ‘IgE following treatment (Yu-nginger &
g )

Gleich, 1973; Gleich et al, 1977),. many stud1es have failed to find
such a'correlation (L1chtenste1n et al 1968 1973 Chapman et al,
1980; Wo)#e, 1982) : ' —

. “‘WQ

One school of thought holds, that hyperproductwn of IgE is

causa]]y related to decreased Ts cell function (Buckley & Becker,

* 1978; Strannegard & Strannegard, ]'981~). The emphasis in therapy thus

.

shifts frOm"increasing‘Mock'lng Entibody levels to increasing

-

suppressor cell funct1on. ‘Reduced numbers of IgG Fc receptor positive

T cells, (Tr), a subset believed to 1nc1ude suppressor T ceHs

13
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1is not firmly establisheds How

" (Moretta et al, 1977), have been observed in peripheral blood of .

patients with respiratory allergic diseases. Fol]owing‘spetific
hyposensitization which resulted in a sharp improvement i'n c]in1/ca1

symptoms, the Ty subset regained normal values (Canonica et al., 31979;

Rivlin et al., 1981; Jensen et al., 19'81) More recentiy the

. availability of monoclonal antisera recogmzmg helper (OKT4 ) and -

suppressor/cytotoxac (OKT 8 ) cells has allowed conf1rmat1or;of a
quantitative and'functional suppressor cell deficit in children with
atogic'eczema (Buler et al., 1982). Suppressive et’fec.ts of OKT 8 T
cells upon IgE responses are currently under inve‘stig_ationu in severe1
Svystems (Ohta et al, 1983; Cooper et al, 1953).

Whether decreased Ts levels are of primary pathogenic importance

to the deve]opment’of allergy or are setondary to the disease itself

prospective studies done on one

month old infants who later  develoged atopic disease support the

,nokion of a primary defect in $hese 1;'1dr:en (Juto & Strannegard,
1979) o

It has been suggested that future modes 'nlnunoth‘erapy rnay lie

in the‘de\(ﬂopment of reg1mens which increase Ts numbers (Hughes et

g a].,- '1'9'8$ I'ndeed the 1mprovement 1n human ant1gen spec1f1c Ts
s activﬂ:y neted following sug:essfuT hyposens1tlzatﬁon for’ ragweed
allergy (Rock]in et al., 1980) suggests that this ‘parameter can be

’mani{)u]ated. PreHminary reports from severa] laboratories support

the contention that the act1v1ty o* Human IgEv-suppressor cells can be
manipulated (Nagaya, 1982; Hassner & Saxon, 1983) e

Chemica'ily Mod‘lfied AHerggns In Human_Immunotherapy -

One approach 1ncreas1ng patient safety and shortening the tedious
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.immunotherapy is the use of chemically modifiéd allergens. The

_characteri'stics of an optimal modified antigen were initially defined

-

i

and expensive injectio*n schedules associated with conventional
ro

-

as decreased ability to crosslink mast cell-bound IgE and retained
capacity to ihduce‘ IgG (Overell, 1978). Any alterations in the
structure of the aHergen' molecule should not result in the
1ntroduct1on of major new ont1gemc specificities that could
themselves lead to induction of sensitivities. The modified
preparatm.n should of course be as effective for treatment as native,
‘unmodi fied al]ergen. o o N
Preliminary results of humT clinical traﬂs us1ng several

mod1fied antigens 1n1t1a11y studjed 1n animal prototypes are now

avaﬂab]e. Use of Urea-denatured AgE for almost two years resulted in

suppression oY 'seasor_\al rises in IgE upon natural reexposure to
. ‘ z

ragweed polien (Norman et al., 1980). There was however, no evidence
-~ . .
of suppression of ongoing. IgE synthesis nor obvious improvement in

clinical symptoms. Tre‘atment with methoxy PEGgggg-substituted AgE
]

also provided scant evidence of suppression other than a blunting of °

the usual postseasonal "IgE~ r'isé.' In a separate sfudy treatment with

D-glutamic acid: D lysine ‘substituted AgE, methoxy PEGzéﬁo-AgE or

. 1aurylox_y F‘EG1zoq-AgE gave only slight evidence of decreased IgE near

the end of a6 month trial (Norman et al., unpublished data).

A un'ique approach to decrease allergenicity for treatment

L4

‘ purposes utiljzes formaldehyde under mild reaction conditions to form

al]ergoids in a manner analogous to that‘employed for the conversion

of &éxins to toxoids {Marsh et a]., 1969 1981). A six year c]'imca]

study with ragweed al]ergﬂs demonstrated a slow but consistent-

4

4
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decline in serum IgE aAnd a statistically significant decrease in
patient symptoms (Norman et al., 1981;.1982). Immunotherapy of grass

-pollinosis with allergoids is also effective (Georgitis et al., 1983).
i .
l‘ ‘n;’ ’ | <
Glutaraldehyde Modified “Proteim Antigens

Treatment of proteins with GA leads to polymerization vi‘a
covalent crosslinking of e -amino gfoups of amino acid side chains.
A]thougﬁh the actual reaction sequence'ﬂleading to polymerizatio;
emains unclear, it has been suggested that crossh‘nka’ges of the 4°
rgyvidinium type are formed (Hardy et al., 1976; 1979). The extent of
polymerization and size of polymers generated depends upon a number of
conditions including relative concentration of protein and GA, pHt and
reaction time (Strejan & Surlan, 1979). _

In the belief that GA-modified alliergens might provide~a
worthwhile tool for the managemeﬁt of atopy,. Patterson, polymerized
ragweed AgE. fhe héterog.eneous poputation of polymers obtained was
fractionated by gel filtration into prdparations of 2x105-4x106d. and
4-20x10%. Both polymer preparations were capable of inducing IgG in
guiinea gigs and rabbits at least as well as monomerig AgE‘ (Pattérson
et al., 19735. In further studies, polymerized ragweed antigens
(PRﬁ), formed from a crude aqueous extfa;Qthf ragweed pollen,
displayed 100-1000 fold decreased capacity to react withs huu;an IgE“
| from sensitive individuals as measured by Prausnif'z-Kustne'r\ tests and
basophil release assays"(Patterson &.‘Suszko, 1974).

vThe relationship bptween GA modification and 1mmunogen1c1ty was
further investi’gated by Mdran and Wheeler (Moran & wheeler, 1976;

Wheeler et al., 1976). GA polymerization of Timothy grass pollen

3
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extracts gave protein products that retained their immunogenicity for

IgG productien in rats and rabbits. Rats treated with such po]ymere
displayed a decreased capacity to bind or induee ai]ergen-specjf{c IgE

Attempts to correlate mo]ecular weights of such po]ymers with
immunological properties have‘been hampered by the high degree‘of

heterogeneity in the preparations studied. Use of small polymer§ has

resulted in enhancement of‘IgG prodhction while treatment with high]y‘

aggregated preperations resulted in a reduction in allergen specific
IgG relative to treatment with unmodified protein. éome preparations
Tost the ability to stimulate IgE antibody production as a result of
GA‘ﬁodificatioe (Patterson & Suszko, 1974; Wheeler et al., 1976),

. Others were shown to aequire immunogenicity when under similar

conditions of immunization the native molecule was non-immunogenic

(Attallah et al., 1975): The efficiency of GA-protein polymere of
different sizes in inducing IgE suppression has eot been examined.f~\
The major finding of these early studies (decreased allergenicity
following GA-modification) stimulated several well des1§ned-c]inica]
"trials. GA-polymerized ragweed extract (PRW) was shown to be as
effective as unmodified RW in decreasing a]lergy symptoms yet was both
safer.and more convenient. Instead of three years of conventional

' Ps ! ' .
treatment with unmodified allergen, usually 70¢injections, PRW was

administered 3-15 times, Generally, 40 tjmes less erythema and 15

o

times less 1ndufap10n,occurs followin§~such therapy. Patients so
sensitive that fhey could_not tolerate conventional 1mmunotherapy Uene
guecessfully converted to this new regime (Bacal et 51,, 1978; Grammer
et al., 1982). |

Clinical studies with- GA-treated grass pollens have demonstrated

NS
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the petent1a1 applicability towards treatment "of sensitivity to other
1nha1ent allergens (Verstraeten & Wheeler, 1978) The efficiency of
immunotherapy with polymerized rye grass has been shpwn by decreased
Iéé production and symptomikcore index evaluation (Grammer et a1;,
‘1983).

. The increasing variet;;of GA-potymerized allergens avqi]ab]e in
guiope and North America for human immunotherapy (Patterson;et al.,
1981),‘taken in'combination with greater than 70% "physician
sééisfﬂttion" (Personal Communication, Bencard A1]ergy Service
Division of the Beecham Group) suggests that the use of such

”preparat1ons is likely to expand.

| In spite of prom1s1ng clinical results, the 1mmuno1og1ca1
mechanism of action of GA-polymerized antigens isrunknown. The aim of
this investigatien was to establish the efficiency and cellular
mechanism of action by which such polymers act. The study was carried
out in an animal model system widely accepted as aprototype for human
atopy. Spe;ifically,'it was decided to measure chandés in protein
antigenicity and 1mmunogen1c1ty occurring as a consequence of

g]utaraldehyde mod1f1cat1on of ovalbumin. The consequences of

hat [}

treatment of inbred CBA mice with a variety of GA-modified
preparations was assessed by measuqing Ige, IgG and delayed
hypersensitivity responses. Ultimately, the mechanism and

characteristics of GA-polymerized OA induced suppression were ‘examined

at the cellular level, . ’ -

18




MATERIALS AND METHODS

ANIMALS )

Mice ére CBA/J males 8-12 weeks o'ld (Jackson Laboratorie\s, .Bar‘
Harbor, ME.) and rats were Sprague-Dawley females, retired breeders
(Cﬁarles River Canada Ltd., Ottawa, Ont.). New Zea]an&',v.;‘hite ryab'bits, .
2.5 kg, were purchased from M and P Commercial Rabbitr} (Ayr, Ont.]
Hartley guiﬁea pigs (High Oaks Breeders, Toronto, Ont.) were used as a

source of complement. &

ANTIGENS

: ’ N 4
~ Crystalline bovine serum albumin (BSA) and 5x recrystallized ovalbumin.
(0A) were purchased from Nutritional Biochemical Corp., Cleveland, Ohio.
Keyhole Timpet hemocyanin (KLH) was purchased from Biomarine Pacific

Supply Co., Venice, CA. Purified Ascaris suum allergen (Asc-1) was

prepared according to Hussain et al (1973).

) DNP-protein conjugates were prepared as previously. described (Colby
& Strejan: 1980). fhe following derivatives were p"repare‘q:‘ '!')NPa-Asc,
DNP 3-OA, DNP4g-BSA and TNP y5-KLH. The subscripts refer to the average
number of mols of DNP/mol of carrier, assuming a molecular weight of
17,000 for Asc-l, 40,000 for OA, 72,000 for BSA and 800,0a00 for the
dissociated form of KLH. ‘Pr:otein concentrations- were determined by the‘
Lowry modification of the Folin-Ciocalteu method. (ﬂL‘owry et al. 1951)

-t

PREPARATION AND CHARACTERIZATION OF GLUTARALDEHYDE-MODIF IED-OVALBUMIN.

(1)  Formation bfmadz'f%edpr"oteins: o A vari ety ‘of gl utaraldehyde.

s
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\ 20
9 (GA)-modified-OA—-prepara‘tion;,' ranging from lightly substituted,,
s unpélymerized ovalbumin to highly c'rosslinkéd, high molecular weight-
po]lymers, were obtained depending upon the ‘reaction conditions selected. |
. OAq-L was prepared by rapidly adding 28 X of a 50% GA solution to 10 -
mis of 1 mg/ml ovalbumin (phosphaté buffered saline, PBS, pH 7.0). This
- reaction, carried out at a 600:1 GA to OA molar ratio, was allowed to
lproceed at room temperature with gentl'e stirringj for 10 minutes. 0A 4-H
was p'fepgred under similar conditiong except that a 10,00(5:1 G:A to OA

motar ratio was obtained by the addition of 470 A of 50% GA to the OA

solution.

’ '0A4/0A 175 Was prepared by adding 400 A of a 6% GA solution dropwise
over a period of three minutes to 2 ml of 25 mg/ml OA (PBS pH 7.0). The
reac-tion mixture was gently stirred for 20 minutes and allowed to stand
at room temperature for an additional 40 minutes.

‘For the formation o.f OA-POL, 50 mg OA were dissolved in 2 m1 0.2M
sodi'um acetate-acetic acid buffer pH 5 and 0.4 ml of a 6% gmhtar_aldehyde'
-solut‘ion was added dropwise, at room tgmperature, to the 0;\ splution over
a period- of 3 minutes with fg‘er'\ﬂe stirring. Stirring was continued for
20 minutes and the mixture was allowed to stand at room temperature for .
an additional 40 minutes. The sample was then diluted by the addition of
2-3 m borate buffered saline (BBS, pH 8.4).

A11 preparations were dialysed extensively against BBS tp remove
excess unreacted GA.

-~ Isolation. and molecular weight determination: - Molecular weights were
estimated by ,;el fﬂ?:ration on _columns of Sephadex G'-ZOO, Sepharose 4B,
Sépharose 68 (Pharmacia Fine Chemicals, Uppsala, Sweden) or éiogeT A-50 m
(Bio-Rad Laboratories, Richmond, CA). OA (40,000 d.), BSA (72,000 d.),

y -
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rat 1g6 (160,000 d.), the associated form of KLH (8 x 10°d.), Brome
mosaic virus (4.6 x 10€ d.) and Papaya mosaic virus (31.4 x 106 d.) were
used as molecular weight ma?kers on the appropriatetmatriéés. Ratios of
elution volume/void volume (Kai) were calculated and plotted agdinst

»

, molecular weight as described at Results. For.prepargtive purposes, the
mQdified ovalbumin prepar;tions were ;ollecte&.at the appropriate elution
vo1ﬁmes, protein concen?ratfons détermined and were stored at'-70°Q until
needed. |

“

IMMUNIZATION AND TREATMENT

To induce gnfibody formation, groups of at leadt 4 mice were
injected i.p.>w%th 0.5 ml volumes containing 2 ug antigen adsorbed onto 2
mg alum, A1(0H)3. Suppressive tréatment with native OA or GA-modified-0A
prepd%gtions was via i.p. injection 1nljsotonic saline without adjuvant.
Treatment protocols and immunization schediles are given in detail at

Results.

DELAYED HYPERSENSITIVITY

-

Delayed hypersensitivity (DTH) was induced by injecting\lOD ug OA or
OA-POL in 0.2 ml CFA at fhé base of the tail. Thjrteen days later DTH
was.elicited by intradermal injeétion into the fbotpad of 40 ug OA, 40 ug
OA-POL or saline in 20 A volumes. A Hamilton syringe was used. Three
‘replicate measurements of footpad thickness were taken with an engineer's
hicromete; (Mitutoyo, Japan) immediately prior.to, and 24 h&urs‘after,
elicitation. Intensity of DTH wa; based hpon changes in thickﬁesg of the
saﬁe foot before and after blﬁ;tta;ign (Té;/To),lrather than- comparing

thickness of the chéllenged foot with that of an unchallenged or saline
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-_

injected contralateral foot as- conventionally reported. This approach

. - | :
é was chosen when considerable differences in thickness were found: between”

unchallenged bpposite footpads in normal mice.

ADOPTIVE TRANSFER T

Donor mice were primed with 2 ug OA or TNP%}LH in alum 30:days prior
to transfer or were treated with a}GA-modified-OA at the times indicated
“at Resuftsl On the day. of transfer, animals were sacrificed, their

" spleens were removed aseptically, single cell suspensions were prepared,

washed in Hanks balanced salts solution (BSS), counted in .04% trypan,

blue to determipe viability and were injected in 0.5 ml volumes i.v. to

.

either normal or irradiated syngeneic recipients. ' Irradiation was

carried out 3-4 hours before transfer with 660 rd from a Gammacell 20

(Atomic|Energy of Canada Ltd., Ottawa, Ont.). A1l recipients were

) boosted with 2 ug OA or DNP-0A in alum, 4-6 hours after cell transfer,

DEPLETION OF L?RPHQQYTE SUBOPULATIONS

Monoclonat ant\:jhy 1.2, (Becton-Dickinson Palo A]to CA) anti -Lyt
1.1 and anti-Lyt 2.1 (Cedar]ane, Hornby, Ont.) sera were used to dbplete
I

.specific lymphocyte popu]atfqns prior to adoptive transfer. Splefn ce]]s

at a concentration of 20 «x 10°/m] in BSS were incubated /with the

appropriate amount of antibody FEF*KE’;:;LEeg\QE\i°c e cei]s were
washed once in BSS and then resuspended in BSS containing detoxified
guinea pig complement at a final dilution of 1:9. Cells,were incubated
in a 37° waterbath for 30 minutes;‘washed, resuspended in BSS and
recounted.' Spleén‘celis'treated yith C alone were ind]uded in eaoh

experiment. ' d ‘ v
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PROTEIN IODINATION ) i . ) .

@

'DNP-BSA and-0A were labeﬁ‘?d with Na'2° 1 (Amersham, Gakville, Ont.)
by the chloramine T method described in Yagi et al. (1963) After
labelling 500 ug protein with 0.5 mCi 125 I, unbound iodide was removed by
Sephadex G-25 gel filtration and extensive dialysis against BB?.

ANTIBODY DETERMINATIONS . T

Mice. were bled in equal volumes by cardiac puncture, the blood from .
all individuals in a ﬁrqup was pooléd after each Bleeding and thefsera
were stored at -20°C until needed. '

Mur1ne-IgE titers were determined by passive cutaneous anaphy]axié,
PCA. (Ovary, 1958).° 0.1'ml serial dilutions of mouse sera in
phySiolngical saline were injected intradermally into shaved backs of S-D
rats. Rats.were challenged 48 hours later by 4.v. injection of 2 mg DNP-
BSA or OA in one ml 1% Evans blue to dgterm1né antiahapfen orl
anti-carrier antibndies reéhective1y. Titers were recorded -as
rec1proca}s;of,the higheét dilution of serum giving a blueing reahtion of
5 mm diameter or greater, 15-20 m1nute§ after challénge.

, Murine IgG antibody to hapten or carrier was measnred by n'douhle
éhtibédy radioimmunoassay (Strejan et al. 1977)., Anti-DNP.and anti-0A
antiserum standards were prepared by, the ip 1nJection of se;arate groups
. of CBA mice| w1th 100 ug TNP-KLH or 100 ug OA in CFA at two week
1ntervals.‘ Quantitative precipitin tests showed the final serum pools to
conta1n‘2.54 mg/m]}anti-DNP and 3.0 mg/ml anti-0A antibody. Rabbit anti—
mouse‘IgG was. prepared.by monthly injection of "1"mg murine Ig6 in CFA,
Mouse IgG was purified from serum pools by ammonium ‘sulfate prec1p1tat10n

and DEAE 1on exchange chromatography. _Its-purity was determined by

A g
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immunoelectrophoresis.

®

| COMPETITIVE INHIBITION RADIOIMMUNOASSAY

‘A standard hyperimmune mouse anti-OA serum was, diluted serially in

.0.5 ml volumes.in the presence of 0.5 ug %5 I-labeled OA and the mixture

‘was incubated for 30 minutes at 37°C and 20-40 hours at 4°C. After

precipitation of the immune complexes with excess rabbit anti-mouse'IgG,
the precipitates were washed and the radioactivity in the precipitates
was used to calculate the’ extent of binding. The amount of- antibody
required to bind 74% of the 1abe1ed»antigen was then used for the
inhibition studies. A cons;ant émount of antibody in 0.5 ml volumes was
incubated with 0.5 Ug1251:0A and with increasing amounts of native OA or
of OA-POL ip«O.S ml, for 30 mihutes at 37° and 20-40 hours at 4°C. The
immune complexes were precipitated and radicactivity was determined as

. L4
described above. )

STATISTICAL ANALYSIS

PCA titars were 1bg-transfqrmed and the geometric means from

”replicate experiments determined. Sirgle factor analyses of variance
* with multiple comparisons of means were used to détermine statistical

significance. Molecular weight determinations.and radioimmunoassays were .

calculated using linear regression ana]ysié.

24




RESULTS

I Preparation and Characterization of Glutaraldehyde-Modified Ovalbumin

(i) FRormation and Iso]ation by Gel Filtration ¢
Depending upon the reaction conditions selected, a wide.vayiety‘of
GA-modified proteins can be obteined. See Table I fér summary-and
nomendlature; OA4-L and 0A1;H, prepared under Cbndittons designed to
minimize polymer formation, were colﬁeéted at the same elution volume from
Sephadex G-200 columns as the mejor peak for native ovalbumin (Figure
1(i)). A highly heterogeneous mixture of QA polymers, designated
OAq/0OA17s , was prepared at pH 7.0 using 25-fold higher protein
concentrations than above. Pelymers'raﬁged in molecular weight from
160,000 d. tn a]nost 107 d. For some experiments this preparation was
- subdivided into one of average molecular weight 160,000 d, designated OA4,
and one of averaée-mo1ecuiar weight 7 X 106.d, designated OA175 (See
- figures 2,3). l

~ Polymer formation at pH 5.0, the isoelectric point of ovalbumin, gave
‘the preparation designated OA-POL Its molecular weight, as est*spted by
gel filtration on Biogel A-50 m (Figure 1{ii), 4) was approx1mate1y 35 x
108 4, 'Arithmettcally this corresponds to a polymer -of approximate

molecular formula of 0A§75. -

(11) Ant1gen1c crossreact1v1ty between 0A and GA- mod1f1ed 0A

The extent of crossreact1v1ty between - native and chemically modified
ovalburfin, both monomer1c‘§nd polymer1zed forms, was determined by a
competitive inhibition RIA for anti -0A IgG and .by PCA for anti-OA IgE
antibodies. | _

. IgG anti-OAl-' It can be seen from Figure 5 that, es expec\ted‘, 0.5 ug

. native:0A were required to inhibit by 50% the binding between a known

-~

o 25




TABLE I

Preparation dnd Isolation of Glutaraldehyde-modified Ovalbumin

OA

.1 mg/ml in phosphate buffer —
(0.2 M, pH 7.0) GA:0A molar
ratio 600:t, react 10 min,

1 mg/ml in phosphate buffer

dialyse. Collect 40,000 d. ~a (0.2 M, pH 7.0) GA:0A molar

peak from Sephadex G-200.
OA1‘L

25 mg/m1 in acetate - -
acetic,acid buffer ( O2ZM,

pH 5.0) GA:OA molar ratio

200:1, react 60 min,

dialyse. Collect 35 x 168

d. peak from Biogel A-50 m.

OA-POL

~a

Apply shoulder from )
Sepharose 6B to G-200.
1 Harvest fraction from
160,000 d. up to but
excluding void volume.

OA,

ratio 10,000:1, react 10

emin, dialyse. Collect’

40,000 d. peak from .
Sephadex G-200.

OA1_H i

25 mg/m]. in phosphate
buffer ( 02 M, pH 7.0)
GA:0A ratio 200:1, react
60 min, dialyse. Apply to
Sephrose 6B.

OA9%5

Apply void volume from
Sepharose 6B to Sepharose
4B. Harvest fraction
from 2-10 x 107 d.

()‘\175




-

- . , *10d-¥0 PaILUBLS3p pue pajood Sew {u GO|-Qf WO

¢

fuLan|da uoiidoedy ayjy g Hd suL|es ajedoq ui ww,,pm.E.:.va E_:.:ou w oG-y L9boig wd pg x m...P e 03 paiidde

s

.SeM (@) 10d-¥0 “bu gz Alajewixosdde ?.:ie.:s lw dug *70d-¥0 40 3|tjoud ,co.:__z :(LH) L 3¥noI14

-

c . R | ) ., ) i A Al

.wE:.—o> uoLaIN|d “ap fawnjoA pLOA fOA *ISNABYJNY

JO} po309| 0D Sem Am:.mHomqummv (W ) Vo 30 dWniOoA uotINn|d wﬁ 03 Bulpuodsaudod uoLdedy Yl °*p°g

v

Hd auijes 3jedoq uL pajedqi|Lnbe suwn|od uotjedi|ty |36 00Z-9 xapeydag wd 28 X §°2 ajededas o3 pai|dde

aJdam ( O v.xu_.<o (@) 1-tvo (w/bw { jo s Jnoy .:-.F<o pue 7-typ o uoranyy <TE)T 34A9I4

.



28.-

oA
O¢l ol 06 0L
L

. =g

\]

T - — T [g—T 1 ¥

N

WOg-v TI90I8(1),S

o002
—8—8=8=8-0

..

. - 00l ,
b ]

002-9 X3AVHd3S (1)~

oA ¢

lq.



&
o)

. . A ,
' ' 4

*AWN[OA UOLIN(d “Bp fAWN[OA PLOA “Op °PgOl X Ol-gOL “8F asodeydag uvmop

X 2-¢01 .mo asoJeydas :umc.P X 2+ 0l ...oomnw xmnmmawm 1SMO| |03 se adJe
‘4adanioegnuew a3yl Aq papiraodd se ‘pipaw 3say] Joj sabued aAaL309}s4

, ) ‘Yyp pajeubisap
SeM |w Q[Z-08L wodj Buiinid uop3dedy 3yl -(iiig d4nbiy) .:E,__._S.Sm-w
xapeydag e 03 pali|dde pue pajda[|0d Sem (]]) 49 9sodeydds wodj JIPLNOYS
ayy - R.:a .mr__._ G9-Gy W04} BULIN|2 UOLIORJ4 Y ULRIGO 03 (142 34n6yd)
,csz—mu. gy asodeydag wd hg x g*L*e 03 v.m,.:a% pue umﬁm:ou‘mm: (1)
wm_:g pLoa ayp - SLMY \yy se asn uaylany Joy umwum:oo SeM | (0g-Qp WoJ4

w__:;o.> UoL3N|d @JLljud 3y} °(tz.94nbLy) 3ui|es 23eJOq YiIitm pajeJqi|inba

uwn|od g9 asodJeydag wo 08 X Gg°| e 03 patridde-uyajzosd sem bu gz

Aiajewixosdde Buiuieuod |w 3ug ° .25 VO 40 8|tjoud uoLaniy :Z 3¥N9I4

N .

{

*

=



i
1
i
L
'
i
i
i
]
[}
®
o
i
'
]
]
\ !
)

A N .
gt 3S0¥VHJ3S NO I NOILIVYA ("

. ° OA
002-9 X3AVHJAS NO [I'NOILOVH 4 (1)

-

g9 3SOYVHJIS(!)




*3WNL0A PLOA/3WN|OA UOL3IN|D
b :

- . a8yl 40 m.o.Sm._ , ARY .m,&fus 3ybLam dendoajow se pasn 3J4aM (°p ooo.mwﬁ
961 e (000°0p) utwngieao “(4°8 Hd “W 2°0) @uUL[PS 33240q YILM PajeJq|inba

e g suwn|od 002-9 xapeydag wo 0§ X §°L 03 paL|dde aJaM Saun|oA {w o.r ul uiajoud

s -

bu g Yyo pue ‘H-lyp ‘1-lyp 40 uOLILUWIDIBp IYB LM Je[NdD|ON. 1T ITUNOTJ

e e 4 e o et 2 . L A ,

A



o~
3 *
\%M; " - ' y .‘
. (01%) .._.IO.,_M\S HVYINO3 10N :
I s 0l ] .
o lwwu T 0l
.rh - .
vO
141
>Ov—
407¢
H-'V0 *7-'vO v0
| . -
“~~
’ 4¢2
N/

¢




’ , ‘ / *dWNLOA PLOA/3WN]|OA
uoL3Inya ayl jJo soLiey m Aey *sdJajJew 3ybiLam Je|ndsjow se pasn
9Jam (H) utueloowsy jadwir| a|oyhay vcm_ﬁ>zmv SNJ LA Dlesow eAedeqd “(AWg)
SNJLA OLesow awodg (g9 HA) J4334nq LJBN W GL°0 mpm:mmo;a N SO0 U3ILM

pajeJqL|tnba uwn|0o> wpg-y |3bolg wo gg X G°| © 03 pai|dde aJuam S3WN|OA |w
L

0°L UL 70d-V0 B 9AL4 70d-Y0 JO UOLIeUlWJIIBp IY6LOM JB|ND3LOW Y 3¥N9I4

N .



34

00t

o0OLX E.a_m>> Jo|NJ3IoN
oS oL S

| L 1

10d-v0 =
AWd /Q/

ot

gl

ADY

0¢

G




amount of anti-OA IgG antibodies and 0.5 ug'25 [-1abeled native OA. Thus

OA and'?5 I-labeled OA are 100% crossreactive with respect to anti-0A IgG

antibodies. On the other hand, twice as much 0A1 -L 1s required for the

same degree of inhibition indicating a 50% ° 1oss of antigenic
crossreact1v1ty in this GA-modified preparation. 0A1-H, 0As/0A475 and
OA-POL al1 display 80-90% decreases in antigenic crossreactivity.

These ‘results suggest that increased chemical modification rather

than polymerization is the major factor determining decreased

antigenicity.

IgE anti-OA : The extent of antigenic crossreactivity betwegn native
and modfffied OA with respect to anti-OA antibodies of the {gE class was
detefmfned by their relative capacities to react with mast cél]dbound IgE
and trigger positive PCA reactions.

Thirty-four sera of anti-OA titers _ranging between 1:40 and 1:6000
were titrated in the skin.of separate groups of rats using, for challenge
the antigens shown in Figure 6. A 75% decrease in ant{genic
cré?%reactivity was foundlin GA-modified but unpolymerized molecules
;(0A1;H) with only an additional 10-15% decrease following increases in
molecular weight appfoaching three orders of magnitude (OA-POL). This 90%
decrease in PCA reactivity correlates well wifh the observations‘made with
IgG anti-0A antibodies.

Two additional observations (not shown) suggest that a 1655 of native
OA antigenic determinants has ocsurred as a consequence of glutaraldehyde
modification. ‘Increases in the amount of antigen used for bCA challenge
from 1 mg'to 7 ﬁg had no effect upon the titres obtained, indicating that
a s1mple shortage of antigen is not reSponsib1e for the decreased PCA
titers found. Add1t10nal1y, admjnistration of a second PCA challenge (OA)

AN

~
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to a rat challenged with OA-POL forty. minutes previously, resulted in 100%

of the expected anti-OA titer, indicating that OA-POL is not sterically '

hindering the reaction between mast celi-bound anti-O0A IgE and ‘nvative 0A
antigenic determinants.
Taken collectively, the experiments on crossreactivity indicate that

OA-POL has strikipg]y reduced ability to bind antibody and that for both

Igk and IgG antibody classes this represents approximately 10% of the

cggctivity displayed by the same antibodies towards the native molecule.

DTH anti-OA : The decreased capacity of GA-modified OA to react with

>

anti-OA Igk and IgG antibodies was not paraileled by a similarly decreased

¢

capacity to react with OA-specific T cells. Table Il shows that OA-POL is
at least "as good as native OA in'eliciting anti-0A DTH responses of OA
(CFA) primed mice. The loss of B cell (Ig)-réactivehdeterminants does not
appear to be reflected as decreased T cell reactivity.

Relative immunogenicities of OA and GA-modified 0A

L)

The question of whether OA-POL's decrease in ovalbumin antigenic

determinanfs is also ref]écted as décreased immunogenicity was addressed
as follows. Groups of‘mice were immunized with 2 ug OA or aglPOL in alum
twicé at 28 days interval and the 14 and 35 day sera were tested in PCA
against both nativé OA and OA-POL. _Thé‘fesu]ts of Table I4I show that
even when injected with adjuvant dndér cﬁndiﬁions optimal fof~¢ge
induction of an Igt respbnﬁe, OA-POL disp]ayed a significantly redyced
ability to stimulate primary‘ng\antibody response$ (mean PCA titers of
389 énd 27 for native OA and OA-POL respectively). The secondary response

was less affected. In addition, the results in Table III confirm that IgE

antibodies produced after both primary and secondary stimulation reacted

in PCA 20-40 fold less after challenge with OA-POL than after challenge
. .

40
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TABLE II | .
Relative capacity of OA and 0A-POL to elicit delayed hypersensitiviiy
&
IMMUNIZATION? - DTH CHALLENGE? ) FOOTPAD SHELLING3(:§‘E.M.) '
s OA(CFA) 0A o - 1415 +.04
0A (CFA) _ 0A-POL " 1.33 +.06
. Y .o
0A (CFA) Saline 1.01 +.03" ’
R : . &

1 Groups of S_mice were immunized by s.C. injection at the base of
the tail with 100 ug OA emulsified in 0.2 m1 CFA on_day O.

2 Pyrogen free saline, 40 ug OA or 40 ug OA-POL was injected as 20
ul aliquots sc into murine footpads on day 13. ’ )

3 Ratio of footpad thickness at 24.h. - vs. immediately prior to

challenge (T,4/Tg)-




TABLE III

Ininunogenicif,y of native OA and OA-POL with. respect to IgE a‘ntiﬁody

Iulnun'lzat‘ion1 ‘ PCA titer
| Day antigen challeﬁge2 titer
OA " 14 0A ' 389
0A-POL 20
35 0A 2,308
OA-POL 53 ~
5 - “
" 0A-POL 14 “0A | 27
. ' ’ OA-POL - 8 -
35 0A \ 431
. 0A-POL ‘80

! Mice were {nmunized with 2 ug OA or OA-POL in alum on days 0 and

28.‘

-

mice.

.

. . ‘
2 PCA challenge was with 2 mg OA and with.2 mg or 7 mg OA-POL,

3 Geomej[ic mean of PCA titers of at least 3 separate groups of

.~ %

LY
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‘ .
with native: 0A (mean PCA titers of 20 vs 389 and 53 vs 2308)

\

. I1. Suppression of Igk Ant1bod_y Responses

-

)
¥

. L4

Pret reatment with G’A-mod1 f1 ed-0A

t

In order to determine whethet OA POL can mterfere with the induction

- ampe,

of IgE ant1body responses, groups of mice were pretreated with various

" amounts of OA-POL in 1, 2 or 3 doses according to the schedule presented

- in Table IV. Control 'anima]s received 0.5 ml 1soton1c saline i.p. On
days 0 and 28 all an‘rma1s rece™ved 2 ug DNP-0A in alum 1.p.. PCA titers
of .sera obtained 14 days after pr1m1ng and 7 days (day 35) after bod’ste(\J
are shown. | //\\

It can be seen that a s1ng1e 1nJect1on of 25 ug OA- POL given 14 days -~
be standard immunization with DNP-0A, suppressed both primary and

\' econdary IgE responses'. The ‘extent of suppression increased
significantly with the number of injections and amodnt of OA-POL
administered. A further. mcrease in dosage up to 1500 'ug OA-POL - haﬁ no
additional suppressive effect (not shdwn) . )

K The question next arose as to whether treatment with equivalent
amounts of nati‘ve OA would have the same effect. In addilt‘i\dn we wished to

ascertain .the relevant molecular characterfistics of GA-modified OA in

terms of its abthy to suppress anti-0A IgE responses. ,'Thusv, groups " of

. mice were pretreated with '80 ug OA, 80 ug of a modified OA or with saline

on days -14,-12,-10 and challenged with 2 ug DNP-0A in alum on< days 0 and -
‘28, )

Table V 'shows that while mice pretreated with OA44g-or OA-POL had -

» , o b =
strongly suppressed anti-DNP and anti-OA IgE levels, the ahimals receiving
an eqdiva'len’t amoupt of native OA, bA,-L, OA ,-H or OA4 were suppressed

~

-~

©
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. TABLE IV _ 4
SuppFession of the IgE antibody response by various unts of

0A-F§0L administered before immunization .

Treatment ! Day? PCA titer3 -
o .
day 14° day 35
% ) C

.- : A a-DNP? a-OAS a2DNP a-0A
Saline o -14,112,-10° 800 160 - . 8,000 4,000
0A-POL 25 ug -14 320 40 . 800 800
0A<POL 25 ug -14,-12 80 20 - « 800 200
0A-POL 25 ug -14,-12,-10 ~ 40 10 ) 800 400 - -
OA-POL 80 ug -14,-12,-10 ° 10 - 10 .400 160

1 Groups of 4 mice were injected 1. p. with saline or with
OA-POL in saline and were immunized on days 0 and 28 with 2 ug
DNP-OA in alum., | e -
2 Day of pretreatment with QA-POL. - T
3 Expressed as the reciprocal of the highest serum dilutfon
giving a skin reaction of least 5 mm diameter.

4 Anti-DNP titers following challenge with 2 mg DNP- BSA 1n 1
ml 1% Evans' blue solution.

"5 Anti-0A titers following chaHenge with 2 mg OA 1n Evans
blue solution,

¢
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only with respect to anti-hapten antibodies and not with respect to

anti-OA. When the results were subjected to a single factor analysis of

- variance and the statistical significance between treatment groups was

compared, it was seen that even in the case of‘anti-DNP titers, the group
rebeiving OA-POL were better suppressed than the groups treated with
native OA.

" of rnterest was the observation that a shprt burst of IgE production,
ind;cative of Th cell agtiuity was found prior to Ts induction in all but
the saline 1njeeted group. IgG anti-0A respobées were significantly
higher in al]‘treateq groups regardless of whether the IgE response was
suppressed or not. 1IgG anti-hapten responses‘did not appear to be

significantly different between saline controls and groups displaying

suppression of IgE responsiveness.

An%igedic-spec1f1cit§ of OA-POL-induced suppression

The antigenic specific1ty of OA-POL-induced suppression was
determined by treating groups of mice with saline or 80 ug OA-POL on days
-14 -12, -10 fo]]owed by immunization with 2 ug TNP-KLH 1n alum. The.
resulting PCA titers in both groups were identical.(Table VI). These
- results Qemonsfrated that suppression was carrier-specific., In a separate
experiment, cotransfer of 1070A (alum) and 2 x 107 TNP-KLH (alum)-primed
cells with 6 x 107lsp1een cells from normal or OA-POL treated mice, :
fol]oued by baosting of the‘recipients’with 2 ug TNP-KLH (in alum)
resulted [in anti-TNP respenses éhat were the same in groups getting OA- POL
cells or normaT:sp1een cells. This further demonstrates the antigen1c

spec1f1c1ty of 0A-POL-1nduced suppress1on.

L4



TABLE VI

Antigenic specificity of OA-POL-induced suppression

. Ant i -DNP
TREATMENT? IMMUNI ZATION?2 PCA titer_at day

14 21
Saline DNP-DA 400 320
OA-POL DNP-0A 40 40
Saline TNP -KLH 20 ' 20
OA-POL TNP-KLH 20 ) 20

.

1 Mice were treated with saline or 80 ug OA-POL on days -14, -12,
-10.. : o
2 Mice were immunized with 2 ug DNP-OA or 10 ug TNP-KLH in alum on

- day O and bled 14 and 21 days later.

~
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Effects of pretreatment upon delayed hypersensitivity responses

The effect of, pretreatment with GA-modified OA upon cell mediated
immunity as measured by delayed hypersensitivity was examined. Mice were
pretreated in the standard fashion with saline or'80 ﬁg protein injections

.on dayé -14,-12,-10. On day 0 all groups were primed with 100 ug OA in
CFA. The‘effect§ of pretreatment upon DTH were asseSSgd by footpad

swelling 13 days later with an i.d. injection of 40 ug OA or OA-POL,

Footpad swelling is expressed as the ratio of the thickness at 24 hours ¢

with that at time zero in the same foot (T,4 /Tg). The conventional method
compari;g swelling in fhe test foot tozthat of the contralateral foot was
not used as it was felt to be insufficienfly accurate.

It can be seen that at day 14, the time of peak primary IgE

responsiveness, pretreatment with native OA, modified but unpolymerized
O0A, or very high molecular weight OA polymers did not result in either
significant enhancement or suppressign of delayed hypersensitivity (Tab]e
VII). Intradermal injection 6f saline for challenge resulted in minimal
nonspecific swelling (T24/T°=1.01)..
, The résu1ts of this section indicate that an optimal series of'
pretreatment injections result in up to 90% iuppressioh of IgE
responsiveness. Suppression is antigen-specific and océurs without
cohcomitant suppression of IgG antibody responses or delayed
hypersensitivity. -Suppressive efficiehty corre1atés well with increasing
moleﬁu]ar weight_of the treatment preparation used.

/ Q

Isotype-specific‘gbrogation of ongoing IgE responses

To examine whether suppression occurs under conditions in which

treatment is administered after the 1nductfon of IgEk responses, .groups ofﬁ

- .

L d




TABLE VII
Effect of pretreatment with 0A, OA,-H or OA-POL upon delayed

hypersensitivity- responses . ~
IMMUNIZATION! IMMUNIZATION2 FOOTPAD SNELLING3(15.E.M.)
- Saline OA (CFA) 1.28 + .03
. 0A OA (CFA) 1.26 + .02
OA 4-H OA (CFA) 1.29 + .03 T
OA-POL ) OA (CFA) - 1,29 + .03

&

1 Groups of 5 to 16 mice were treated with saline or 80 ug protein on
days -14,-12,-10. ,

2 Immunization consisted of a sc injection at the base of the tail on
day 0 with 100 ug OA emulsified in 0.2 ml CFA.

P 3 Mice were challenged on day 13 with pyrogen free saline or 40 ug
OA-POL in 20 ul. The ratio of footpad swelling at 24 h vs.
immediately prior to challenge is given (T24/To). Challenge with 40
ug 0A showed a11'4 groups to be equally similar.




vy

mice received the standard dose of 2 ug OA in alum and were then treated
at various times thereafter Qith one cdurse of 3 OA-POL injections. All

animals were boosted with 2 ug OA in alum 10 or 20 days after the end of

treatment. The results are presented ‘in Table VIII. It can be seen that

neither primary nor secondary anti-0A PCA titers were .affected byithe
treatment. On thefother h?nd, Ig6 anti-0OA antibodies were significantly
increased in all treated groups when combared to the saline-injected
controls.

In a subsequent experiment, animals were treated with two courses of

3 {njections of OA-POL or na;ive OA. Each.injection consisted of 80 ug

antigen in isotonic saline. Figure 7 shows that treatment with OA-POL

resulted in an 8-10-fold décrease in PCA titers compared to the saline
control. It is important to note that not only was the suppression

L

maintained throughout six additional boosters with 2 ug OA (alum) over a

\ [

period of at least 321 days but also that the qipmhestic response observed
in the saline-treated group was absent in OA-POL treated groups.
Initié]&y,\tgeatment with native OA was equally effective. However by day
161, following the third OA (alum) booste;, suppres;ion in OA-treated

animals had faded to non-significant levels.

—

-

Anti-0A IgG antibodies were increased in both treatment groups
(moreso for OA-treated than for OA-POL-treated groups) when compared to
the saﬁine control. The same pattern of suppressed IgE and incréaséd IgG

antibody levels was found in 3 separate experiments.

IIT. Cellular Interactions in OA-POL-Induced Suppression

Adoptive transfe? of suppression

Donor mice were treated i.p. with OA-POL, OA,-H, OA or were left

4 -
.
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TABLE VIII

Failure to abrogate the IgE anti-0A ‘response by one course of treatment

-

Treatmeﬁt1 Day Primary Response Secondary RespSnse

1gE2 16 3 1gE 146

. 7
: : / \
Saline 5,7,9 400 21 1200 . - 34
OA-POL 5,7,9 200 90 . 800 . 810
0A-POL 14,16,18 4004 190 600 1150
Saline - 28,30,32 ND5 ND 10006 225
0OA-POL  28,30,32 ND *ND 10008 3450
P .

//}{;ice were primed with 2 ug OA‘in alum i.p. on day 0 and were boosted
with the same amount 28 days later. 'Treatment with saline or 80 ug

OA-POL was given i.p. on the days indicated. Animals were bled on day

14 (primary response) and day 35 (secondary response} except where

indicated. \ 3

% PCA titer.

? Expressed in ug/ml anti-0A antibody. | - o .

4 Day 21 sera.

5 Not determined.” ‘ . R .

6 Mice were boosted with OA (a]um)lon»day &2 1hstea9 of day 28. -

KA
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untreeted;'and ?0 x 10° donor spleen cells were transferred to normal,
nonirradl@d/recipients 10 days after the termination“bf treatment. The
recipients were primed on the same day and were boosted 28-days later with
2 ug DNP-OA in alum, IgE and IgG ant%body'levels were‘determined"on day
7, 14 and 35. The results presented in Table IX shpw that mice receiving
cells from OA-POL-t\rea‘i:ed' donors had greatly decreased ‘PCA-titers during
both primary and secondary responses while recipients injected with normal
- spleen cells or those from OA,-H or native OA treated donors had IgE
levels similar o those encountered in normal animals under the same
immunization conditions. These results clearly indicate .that spleen cells
from mice treated with OA-POL have the capacity fo interfere with the
production of IgE anti-hapten and anti-carrier antibodies’in normal

animals.

~ ijus Lymphoc,yt}e dependence of QA-POL-induced suppression

The prev1ous findings were conﬁrmed and further expanded with

adoptive transfer experiments in which spleen cells from OA-POL-treated 7

donors nere cotransferred with cells from donors'primed with‘ 2 ug DA in
alum <to x-inradiated‘recipients. Before transfer, an aliquot of cells
from 0A-POL treated anirnals was treated with 'anti-Thy 1.2 serum and C.
After transfep’, the recipien.ts were boosted with 2 ug OA in alum and the
day 14 anti-0A IgE and IgG antibod'ies were-determined Figure & shows
that recipients of OA-primed cells gave the expected adoptive secondary .
IgE response (PCA t1ter 2000), while cotransfer of 60 x 106 0A-POL ceHsj
with 20.x 108 QA ceHs significantly suppre‘ssed the ability of ‘the

OA-primed cells to mount a secondary IgE response in the recipient (PCA

titer 400). In preliminary experiments (not shown) it was established that -

~ L § -
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normal spleen cells did not‘interfe,re with the ability of OA-primed cells

"to mount a secondary IgE response, Tr_’tment of cells from OA-POL donors

With anti-fThyal.'Z .serum and C‘abrogated the su)pness'ion while treatment

with C a]one was w'ithout effect. In contrast, anti-0A IgG antibody levels
remamed constant regardless of the combination. of cells transferred.

These results demonstrate that the suppression 1is mediated by T

1ympho_cytes and strongly suggest that its effect is restricted to the IgE .

class., Moreover they indicate that the suppressor cells interferred not ’

-

only with the stmu]atmn of .a primary IgE response as shown in Table IX

-

’ -
but a]so with the ahihty to display a secondary IgE respon»se, by spleen

“cells’ that have been already primed (F1gure 8). Ana]ogous experiments
(F1gure 9) demonstrate that the abrogatwn of well estabhshed, ongo1ng

anti-OA IgE response‘s is aTso T cenl mediated.
Jo
q . o

Lyt 1.1 ce]l dependence of supLessmn
' The Lyt phenotype of OA-POL ind,uced T suppressor cells was
1nvest1gated as shown in ngure 10. OA-POL treated and OA (\alum)-primed
cell donors were prepared as-previously described 5 x 1007 OA-POL cells
were treated with manoclonal anti- Lyt 1.1 or monoc]ona] anti-Lyt 2.1
antibodies p]us comp]ement and transferred along with 107 0A pr1med cells
into irradiated rec1p1ents that were then,\challen'ged with 2 ug ova]bumin
(alum). The gebmetric mean of day 14 antibody concentrations obtained

from duplicate. experiments are shown. The- number of cells remaining {n

the Lyt 1-depleted and_the Lyt 21dep1_e(t\e§ populations was well within'

" conventionally accepted values (56%, 82% viabi‘th) l?ecipients offthe
OA-POL Lyt 2-depleted population demonstrated the same degree of
suppression as reci,pfents of - untreated 0A- POL donor cells. OA-POL ceHs
depleted of Lyt B populations. lost their ability to suppress IgtE

‘re_sponses. 196G responses‘ were neither suppressed nor enhanced.

-
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FIGURE 9 : Abrogation of ongoing anti-OA IgE responses operates through
T suppressor cells. F.ifty million spleen cells from normai mice or from
- mice tbat QeFe primed with 2 ug OA in‘alum and-later injected with saline .
| ' or dA-POL (see inset) were treated with monoc]ona] antvic-Thy 1.2 aﬁtibody
oand comp]ement complement: alone, or were left untreated. These were
cotransferred to irradiated syngene1c recip1ents, along with 5 X: 106 '
spleen ceHs from mice ‘immumzed 4 weeks earlier with 2 ug OA m alum.
A11 recipients were boosted with 2 ug 0A” in a1um and were bled 14 days

later. - Anti-0A IgE ant1bodies are given as PCA titers .);‘ I;gG’

antibodies are expressed in ug/ml. ([]).
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‘These results strongly suggest that a Lyt ‘1 T ceﬁ, but not an Lyt 2.’
T cell, must be ’c.bansferod from OA-POL treated mice fo‘r“successful
1’nduction‘ of antigen- and iso!:ype-specific suppression. Nhethgr the Ly-t'
1+ cell is itself a suppressor-effector or a suppressor—inc{ucer is

discussed below. ' {

IV, Long Term Immunoregulation of IgE Responses Following OA-POL
~ Treatment: '

Generation of memory T suppressor cells

% The preceding experiments sug'gested that suppression of the Igt

was
¢

Sti1]\ in effect more than 250 days after the termination of treatment. In

response following treatment with OA-POL was long-lasting since it

'order to-study its longevity and mechanism of’action', a separate series of
exp;rimnts was carried out-in wh'i:h "groups of mice were pretreated with a
single course of 3 OAJPOI; injections followed by a‘standé}d immunization
with 2 ug DNP-OA (atum) griven-at\ various intervals after treatment. The
mice were boosted vnth 2 ug DNP-0A (a]um) 28 days later. The4resu1ts
presented in Figure 11 show that both ant1-DNP and anti-0A PCA titers were
qrasttcaﬂy suppressed for a period of at least 7 months when compared
"witmh $he sah’ne-ireated apd age-matched controls. In fact, sUppres~sion

" was mot only maintained over “the seven month courséﬂ of the experiment but

gradually increased with time. Thesé results, repeated in 3 sepérate

experiments, raised the question as to whether OA-POL treatment could lead

to the ioduction of long-lived memory suppressor cells se]ectivelvy
’affecting"&he‘ anti-0A IgE antibod§ res'ponse. Consistent with previous
. observations "}(Tab1e V), pr\etr'éatment with native antigen under these- .

conditions does not lead to supre%hn of I1gE responses.
. . , .




v

a 2

. " TABLE X BN

An;iﬂenic-specificizcy of long-lived suppression

’ -
“ : Anti -DNP
TREATMENT! IMMUNIZATIONZ . PCA titer at day
’ 14 21
0A-POL . DNP-OA - 20 . 2. -
Saline DNP -0A 800 - 1600 .
" . . e
OA-POL : TNPKLH '~ . 40 80
" Saline - -~ % TNP-KLH 20 0
, o N o
OA-POL . -+ DNP-Asow . 40 . ®g

Saline DNP-Asc - - 80 .80

,1 Mice were tréated with 80 ug OA-POL or with saline on days -200,
-198,-96 and -14,-12,-10, g ‘l
-2 Mice were imminized with 2 ug DNP-0A, 10 ug TNP-KLH or 10 ug
DNP—A‘, each in alum, on day 0. |
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Antigenic specificity of long-lived suppression

Suppression fnduced by conventional OA-POL. pretreatment (i.e. day
-16,-14,-12) 1eads‘to‘antigen-spgcific suppression of the IgE response.
Data ‘presented in Table X demonstrates that the dong-lived supression

shown above is also -antigen-specific.

Demonstration of memory T subpfessor cells

Anfigenfprimgd donor mice were prepared by a single #njection of 2 ug
OA (alum) 30-days beforeitransfer. 0A-POL treated cell donors were
prepared in the usual fashion by three 80 ug injeétions (i{e. days
‘-16,-14,-12). Putative memory suppressor cells were generated by'a course
. of three 80 ug OA-POL injections on days -200,-198,-196. Two courses of
0A-POL, treathent, beginning on day -200 and ag§%n beéinning on day -16,
were given to a third group of 6e11'donors. Sp]een cells from 0A (alum)
arimed donors were transferred ‘to irradiated'rec1pients alone or in
combination with cells from 0A-POL tréated donors. Recipients were
challenged the samé day with 2 ug 0A (alum). ng and IgG aptibody levels
were determined on sera collected 7, 14 and 21 days later. The results
for days 7 and 14 are prgsented in Figure 12.

'Dose response experiments (hot shown) hdve established that adoptive
transfer of 15 x 108 spleen cells from OA-POL pretreated mice .(standard.
course! .day -16,-14,-13) along with 107 oA (alum)-primed ce11§ gave too
low a ratio of suppressor po OA-primed cells for ef%eétive suppression of
IgE requnses} in contrast, Figure’12 demonstrates that even uﬁdgr sucﬁ
11;1t1ng conditions (15 x 108 0A-POL cells), cotransfe; of OA-POL-boosted
memory suppressor cells jed'to 96% suppréssion of day 14 ant;-OA PCA

titers. It can be seen that the transfer of 35 X 108 cells from any of

v




- the thrée OA-POL treated donor populations suppressed thfe IgE response of

108 OA-primed cells to a"significant degree without concomitant
_suppression of the IgG response (day 14 PCA titers of 400, §é0, and 100

vs. 2400). Again, suppression was most striking in the group receiving

effec%ive at It
cells a1 % %]ay more rapid tnduction of su.ppressive.activitya.
Suppression of IgE responses following transfer of 15 or.35 x 10% cell.
occurs by day 73fter transfer.only in the boosted memory 9uppressor cell
group.- In contrast,_M days' (and 35 x 108 ceHs)‘are usuaLly required for
suppression in the gr:oups receiving -conventiona)’ Ts qr unboostgd memory
suppressor cells, ‘ 3

Anti-0A IgG antibody levels were either unchénged'or, in’the case of
recipients 6f cells from day -200.and day -20'03- -16 OA-POL tfeateq donors,
ele/vated. The results obfained on day 21\ (not’ shown) were essentié]ly thé
same as those of,dgy 14, It can be seen therefore that OA-POL treatment
1\nduces not only sdppressor cells transfevab)e under conventional

conditions but also a long-lived (_}_ZQO days) 'population of memory

© . Sup ‘ or cells that is boostable by e:lther OA-POL or by native OA

-

itself,




’ . . .
‘ »
. ] “ ‘
FIGURE 12: Suppressor cell memory demonstrated by adoptive~transfer. 0A
(alum) pr1med donors were immunized 28- -days pr1or to transfer. Differentu

\\\\ 0A-POL cell donor populatlohs were g1ven 80 ug 1nJectlons on - threef

Cel]s were mi xed as 1nd1cated

v

and transferred to Jrradiated rec1p1eﬂts that were,boosted the same day

alternate days beginning at‘times shown. '

with 2 ug OA in alum. Serum antibody levels 7 and 14 -days after transfer

.
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DISCUSSION
¢ This investigation demonstrated that. treatment of CBA mice with 3

EA-:polymerized ova]bumin'»(OA-POL) Jeads to highly "effic.ient

-
?

-——W\-—
a.ntigen-specific suppression of primary and .seconddry IgE responses On

the other hand IgG antibody and delayed hypersen51t1 v1ty responses were

. not suppressed. WL T AL : : , -

Previous studies 1n rats, gu1nea pigs and man bave estabhshed that
© -

"GA polymerized proteins display a marked:reductiozn in a"l]ergemmty ar}d\/ ;
antigenicity compaaed %o the unmodiﬁed aHergen _'For this dischission
. a]]ergenimty is defined as the capac1ty of the protein to react vuth
specific IgE‘(anti-OA) anduantt genicity is def‘rned as. the capacity to |
'react with IgG B S P
,?: Human 1munqtherapy mth GA- po]ymerized 'aHergens has been sh’own to | /
" result.in decreased IgE 1evels and an 1h|prove?nent in chmca’l symptoms to

\ extent at 1ea.s‘t as great as that obtained fo]]omng hyposensnization‘

wi h ative aﬂergens. Several hypotheses have been advanced to account PR

2 4
L)

, for: the clinical efficienc_y of GA- polymerized aﬂergem Patterson (]981)k

feeis that the retairre«d ga’pacity of ' these preparations to 1nduce

A -

"b}ocking" IgG antibodies is responsib]e for their suppressive activity. 1

)

. e
R No pub]‘ished attenpt has been made to examine ,_aJ»tered T cell reactivi\ty in. \L
patients recei ving GA-po'Iymerized an}igens despite the c'lear indication »

(Rock1in ét a1 1980) of mtigen-specific suppressoe ceH genfration in'
patients under other forms of fmnot‘hera’ T4 e s i
%ther ‘ T

. chemically’!mdifiedtaﬂ;rgens (Mg& mesqu AgE D-GL) have proven S

(3

- In vtew of the fact thaticlinica] tria]s with a variety of

L unsuccessful (Norman,’ 1982) while qutar,aldehyde-modified anii gens aref L S

extreuely pronisipg, 1t is of priuifary tnpartance -t.o deternine the: ‘

. L ay -

[ 4 - . . - . ,n - " . P ,
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mechanism by which these polymers act.
‘Mo.st ear‘ly studies of the immunologic properties of GA-modified v
proteins were carried out’ with cryde, highly heterogeneous preparations of
. Timothy ‘grass pollen extracts (Moran. et al, 197~6)l‘OAf-BSA copolymers
(Habeeb, 1969) or ragweedh pollen extracts (Patterson et‘_ai s 1973). for
the. present Study, it was felt that unequivo’ca] char:acte\ization of
- GA-modified proteins (with respect to moiecuiar weights, antigenicity,
. ' a]lergen1c1ty, imunogenicity,. suppressive effic1ency<determination of
F - 'which chemicai modifiacations are* necessary for suppresswn) could be best
*achieved with a defined range of GA-modified ovaibumin preparations, each ‘
. with dtfferent molecular. parameters. The preduction and isoiation ‘of such -

. preparations of restricted. heterogeneity ‘made it possibie to associate

Specifiea mo]ecular characteristics ’of GA,modifed 0A mth the’ capacity to

AR
.

ﬂ

';.‘ induce supression of IgE responses. " T

. % ‘
- Treatment of pr‘otein with GA usuaiiy leads to polymerization by the

.4

crosslinking of amino acids, predominantiy iysine, at their 'epsilon amino

P e

groups. The extent of GA. substitution ratio of inter -to intra-molecu]ar

LT , bonding and ultimateiy the size of the polymers formed depends greatiy |
| upon the peaction conditions selected. Thus, adjustment of pH protein
.concentration molar ratios of the reactants and reaction times made it
K ‘ / pgssible to produce 1ightly (061-L) or heavi],y‘ (0A1 -H) giutaraldehyde-

-suBstituted ovalbumin preparat‘tons,, These Lfeee-t:ions. as coliected from

" gel. fﬂtration media foff experimentai purposes. were considered monomeric
v " e’n ’

. - ‘because they were obtained at ihe same elut‘lbn\ voi ume ‘as the ma jqr peak

t‘\‘

' . for native ova]bumin (40 000 ) Ovaihumin poiymers of iow
(,160 000-200 000 d.. Ch) moderate (2-10 x 10'd 1 0Agpg ') 2 high (35 X
v ','. 10%, OA-POL) iuoieculaemeight uere aiso geeerated. Lo b
P f'ﬁ o, A . N

»

- R
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It is conceivabie that even under strictly controlled -conditions, the

preparatio'ns o‘btained are not homogeneous and probably vary somewhat from
~ . N Y

batch to batch. However the- results reported here were obtained-using

many. GA-modifiedr OA batches over‘_a- period of three years. Before use,

'eactha‘%was purified by gel filtration and only tne fraction

'corresp'onding to the a’ppropriate mo]ecu]ar weight range was used. while ‘

it is difficu1t to determine the extent of variation in the
' physicochemical spectrum among the 1so1ated preparations, it must ;be
noted that both the elution profﬂes and the immunologic properties of. all
batches of any given preparation were practically 1dent1cal.

Antigenic crossreactivity between GA-modified OA and native OA, as

measured witJn IgE anti-0A or IgG anti-0A antibodies, gave very similar

d results (Figures 5,6). 0A4-L functionally lost about 40% of the antigenic\\
determinants of native NOA Increasing the degree of chem‘ical modification. L
< ‘

\ (0A1 H) resulted 1n a further decrease in antigenicity (82%) and °
allergenicity (75%), still in the absence of po]ymerization. Increasing
‘moleculaP weight from 40,000 d (OA -H) to 35,000,000 d,{0A-POL) yielded
- '0",!3' ae7-18% addttional decrease' in ant1gen1c crossreactivities,” Clearty,

the decrease in antigenicity (89%) and a]lergenictt’y (92%) of OA-POL is

predominant‘{y . 'cons'equence‘ of cnemca]'alterations of ovalbumin ' '

: dete,rminants rather than polymerization and 1ncreased molecular we1ght. - B

The decreased crossreact1v1ty o‘?OA POL with 0A at the anti- OA IgE
and Ig6 antibody leveﬂ is not refhected as a smﬂar decrease 1n4
react1v1ty at the T cell level. ﬂable 11 demonstrates that mice primed .
. for delayed hypersensigivny with OA d1sp1ay s1gn1f1cant footpad sweIHng ‘
when cha]1enged 13 days 1ate'r. with OA. DTH chaHenge of 1de‘nt1cally

. . _— .
.

P




primee animals with OA-POL shows that it i; at -ieast as efficient in
eliciting DTH;reactions as is the-native antigen. Thus O_A-ROL, while
f 1o$1n'g most of .its capacity to react with B cells specific for OA, has not
lTost -th,e ability to react wit'r;‘OA specifie T yyycells.

uestion of whether the increased abih‘typf OA-POL to elicit

-0A DTH reactions (Table II: T24/Tgof 1.33 vs. 1.16) is attributable

to an increaSed'ava‘iIab_j]ity/improved presentation of T cell-reactive

N s . v
determinants, or merely to a slower rate of diffusion of this high

-

mo]ecu]ar;}we'lght molecule from the footpad was not pursued as it was

beyond the scope of th1s study. : L ® .

 We Q]t that any alterations in 1nrnunogen1c1ty that might occur as a -

iCOnsequen-ce of GA- mod1f1cat1on wou]d be of co»n51derab1e importance' i

C_Hmca]ly, nearly -every ragweed sensitive human.responds to AgE (Norman
et al, 1980). Although many patients are sensitive to one or more “minor

‘anti'gens“ Ra5, Ra3) in additic;n'to AgE, tﬁe‘ pattern of semsitivities

vames widery between 1nd1v1duals.' Commerc1a11y available

"hyposensxttzation preparatlons contam a broad m1xture of related

aﬂergens SO 1t is concewable that 1nJect10n of extraneous minor

14

. allergens might Tead to the acqu1s1t1on of new sensitivities by the

.
3

patient rece1v1ng ,therapy. ‘ ’ . « v %
A norrnﬂ, non-at0p1c 1ndiv1dua1 volunteered for 1mmun1zation w1th 2
. grass pollgn extract to determine the antigenimty and mnunogemcity for
‘blockihng‘
' Init'iany the individual had negative skin, tests to gra.ss po’llen extract
. and no knovm a]lergic symptoms. After 1nject10n of thé extract, the
volunteer deyeloped IgE to,grass pollep and now has grass pollen symptoms

at the same- time that naturally aller§1c patients. do.

‘
. s : h : '
. . t
‘a . S
. - . s . ! g
v T v .. i ' . . -

‘t
IgG ‘antibodibs of this extract (Turkeltaub et al, {978)
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" for IgE yet retaing the capacity of the relevant protein@o induce -

. advantage of hyposens1t12at1on with ‘GA-modified protﬂm antigens.

-

" of decreased IgE mmnogenimty are used for ‘lmunotherapy. :

.
e 5
o

As it is not always feasible to determine the presence/absence of
sens1t1v1ty to each minor a]]ergen and because pure preparatwns of each

1nd1v1d.ua1 aﬂergen are not usually avaﬂab]e, the potenha_]

L]

immunogenicity (for IgE) of any treatment preparation must be of great
interesct.. It was decided hereé to determine if the decreased antigenicity

and atlergenicity qf: OA-POL is associated with a similarly decreased
immunogenicity for I'gE responses.

» If GA-modification of prq,teiné results in deereased_immunogenicity

.suppression of ,ongoing responses, the.u,wthe risk of intr’odﬁcing new

-

sens1t1v‘|t1es wou]d be minimized whﬂe the pat1ent was der1v1ng the

—t

benefits of treatmen't of his or1g1nal sen51t1v1ty.

+
Y

In our experiments mu1t1p1e 1n3ect1ons of OA-POL 1n saline never .

result in the induction of IgE responses (data not shown).”

L) -

To further test the potentlal 1mnunogen1c1ty of GA-po]ymemzed 0A for. -

IgE antibody - 1nduct10n, OA or OA-PQOL were 1njected in a1um, cond1t1ons
optimal for the 1nduct1on of Igk. The finding that 0A (a]um) immunization

resulted in a mean PCA titer of 389 while 1nmun1zat10n mth OA-POL (alu)

yielded pr,vnary PCA'titers almost 15- fo]d 1ower suggests an added\

Inadvertent. sensitizatmn of atopics with extraneous aHergens to wh1<£ ‘

they were prekusly f'blerant may be less likely when these prepa

. The purification of several GA-%odif1ed 0A preparatwns ahd the
quantificaﬂ‘on of their decreased allergenic. antigenic and 1mmunogen1c
pofcential provided a solid basis and just1fied the,extension of these

.

studfes into t?xe area of in vivo IgE. immunoregulation.
’ ! ot .

A
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After establishing that treatment with O0A-POL was capable of

'interfering in a dose-dependent fashion with. the induction of IgE

responses in naive mice (Tao'le IV), the molecular characteristics of
OA-POL‘relevan\t to establishment, of the sup;fressed ;;ate were
investigated. Previous studies wh,ich. produced conflicting conclusions as
to the immunologic effects of GA:-p:olymerization (Attallah et al, l975‘;

Wheeler et al, 'l97ﬁ) may have been infl uenced by the heterogeneity of the

preparations used. Such discrepancies may be easily reconciled by the™

notion that the wide, range of products generated"by GA-polymerization may,

olflay
under certain circumstances, contain a restricted spectrum of molecules

> -~

displaying only one of’ two opposing inmunologic properties (induction VS,
suppression).. It was possible that the suppression of IgE responsiveness

tnduced with OA-POL might be attributed to the polymeric status of the*

._Jolecule rather than to intrinsic chemical modjfications also present on

>

odified, unpolymerized molecules. Thus, the "question arose as to whether |

antigen modification with glutaraldehyde under conditions not conducive to

e

polymerization wouid sti]l yield suppressive molecules. ' -

‘It was found that suppression of IgE responses occurs only following

_ treatment with hfgh molecular weight polymerized preparations (Table V).
. Chemically modified, non-polymeric preparattonss(0A,-L, OA,-H) and

polymers of low molecular weight (OAg) were not effective./This, and the

correlation between increasin}' molecular weighttand increasing suppressive

Tefficiency (()A’175 vs. O0A-POL), supports the contention that

polymerization, rather than other chemical modifications, is the rucial

) characteristic. “for the establishment .of suppression. This is: in marked

»

contrast to the results discussed above in uhich decreased antigfnicity‘

Y
and allergenicity are primrily/lttributable to non-polyneric che-ical,



A )

'modjfication.
"It should, however, be noted that‘because suppressfon requires
” polymer1zat1on that this is not fo say that .other chemical modifications
may not contribute to the suppress1ve efficiency of these polymers.

W

) Whether polymerization of,OA couldvbe achieved without other chemical

| modifications by the usetof another crosslinking‘reagent and 2f such
po]ymers would have suppress1ve activity is beyond the scope of the
present 1nvest1gat1on ,

Treatment -of mice with well established IgE-reSponses; a closer

parallel to the human atopic situattdn than treatment of naiye animals,
has been studied in several systems'(TaRatsu et a1, 1975; Lee et al, 1978;

b Katz, 1980). 'As“one might expect, shifting the immunolpgi;al baiance'from

% ;J ant1body product1on to suppressfon is cons1derably more d1ff1cu1t to

.—.-m

achieve- when dea]ing w1th an expanded ant1gen prlmed 1ymphocyte

populat}qn than in the naive an1ma1. Ne:erthe]ess, suppress1on of IgE

responsiveness under such conditions is clearly a necessary prerequisite

for any useful preparation.

- &

4 N .
In the present study, . abrogation of the.capacity of primed mice to .

generate secondary Igt responses was not a§h1eved following 0ne course of
- \

’ treatment with OA POL. Thts is in Sp1te of 25-100 fold 1ncreases ant1-0AA
g IgG L plock1ng ) antibody levels. o o ; |
Treatment with two courses .of 0A-POL (F1gure 7) re5u1ted in 8-10 foid'
_ suppression of IgE ant1-0A responses over a period of greater than 300

days. Antt:OA IgG levels following two Cpurses of OA- POL treatment were

.

. ' " no’different than those after one courSe of OA—POL The results 1ndicate v

that anti-OA IgG produced follou1ng 0A- POL/treatment is not directly

relevant to the sdppression of lgE responses in this systen.

g

.=
-,
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v . L 4 i

[l




4

N Fﬁrther evidence supportin‘g such an assér;tion is the observation that
tréatmept with unmodified Ovalbumin 30, 32,. 34 and ‘60, 62, 64 days after
sensitization also induces a high level of anti=BA IgG which w:;s
maintained for ;the duration of ih; expefiment. The 'IgE response was .
suppressed onlly fo day 161. o

OA- POL induced suppressmn was shown to be both\,an'ugen spec1f1c and

IgE c]ass-spec1f1c as nelther Igtianb‘(body nor de1ayed hypersens1t1v1ty 4
responses were suppressed. In this respect'OA-POLﬂs distinct' from a wide
variety (‘).f bther_ cf;enrical ly modified .antigen; (UD-0A, OA-PEG, DNP-PVA,
DNP-D:GL) with .whic'h supbression was not restricted to the IgE class.
Confining the immynos;uppressive effects of hyposensitization to the - '
; ' ntargeteq immunologic parameter ('a,ller‘gen-spec‘ific-IgE) rather than
’ ‘ est‘abfishing a pap-specific state of suppression would seem to be a’
- desirable goal.: The mechanism by which 0A-POL treatment esiabl’ishés ‘such
a state of suppression became the foc?g of. the study. D
| Since the discovery. that Ts ells p]lay a central role 4n regulation -
of antlbody synthesis$, work in several laborator1es has conCentrat;ed upon*"
the function of these cells in IgE anhbody productmn. Essent1aHy,
’three d1st1nct patterns of (T ceﬂ-med1ated~ suppression appear to operate

in thE_ mouse. One is antigen spec1ﬁc and contro]s antibody resppnses of

. more than one Ig class, i.e . IgE and IgG the second is antigén-
. nonspecific "put is selective for the IgE class while the th1rd is both
antigen- . and isotype-specific.
. .Initi.él 1dent'1fication of“anti'gen-vnonsgeciFic Ts cells in Tow:
-1gE-responder mouse .strai ns was 1mediatély ‘fbllbyed by reports that these

cells were Lyt 1+ IgE class -specific (Hatanate et al, 1977) ; Eonowing

. st1uu1ation of BALB/c m1ce w th DNB—coupled mycobacteria. Sueyn et al
I - A -

%, »
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'(1977) described a cTast-specific Ts eeTT that moduiates IgE but not IgG
antibooy responses. This suppress'ion wa\.)mpten-specific for its
induction gut _non'specif.ic in i'ts effect, as it suppressed Igt responses to
“non-crossreactive a_ntigens. '

In other inetances. antigen-specific Ts cells were not found' to act”
in an-Ig-non- selective fashion. ExampTes include the suppresswn indueed
foTTovnng treatment with urea-denatured ovalbumin (Takatsu et al, 1975)
and with prot:'in-polyethylene glycol conjugates (Lee et al, 1978), |

EarTierL rep-orts(‘ of both’an.tigen- and Ig‘Eh cTass-spec’ificv

v

unresponsiveness led to the suggestion that T helper cells cpllaborating

o T
with Igk-forming B cells were different from those collaborating with

[ 4
I1gG-B cells and that a selective lack of the former was respons1b1e for

) IgE cTass-spec1f1c unresponsiveness (Kishimoto et al, "1973).
Recently, antigen-specific and IgE class- selecttve subpréssion were
found assocnted following admimstratwn of protem puTTuTan (Usui et
\aT 1979) and of prote1n fatty aud conjugates (Segawa et al, 198T)
(Rev1ewed in detail at Introductj)n) The suppress1on described. here ,
" falls in tms Tast/oategory.ﬂ The factors determimng which of the thtee
distinct patterns of suppresswn mentioned above operate in any” gien
~~ situation are at present .obscure,,but the nature of the immunogenic
stimulus seems toplay an essential role. Segawa et al (1981) eu‘goest'ed
that the generation of IgE-selTective Ts cells following treatment with+
' fatty' acidh-substituted 0A coqu be 'attE1buted to the hydrophob1 ¢ character
of the moTecuTe which ma_y not pernﬁt its effective processing and/or its
presentation by macrophages to the T helper cells. The GA‘poTymertzed
ovalt;umin molecule also appears to acquire 1ncreased hydrophobicity. We

peHeve, however, that def‘lci‘ent,macrophage processing’and presentation

[
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are un%ike'lfy‘for several reasons: (1) I.gG ;ntibodies, which ail‘so require
‘.ef"fective antigen presen’tation. are produced innormal’amounts (2)
hydrophobic antigens have been shown in.many instances to'vbe better
pr'gocessed ~or' more effectively igcorporated 1nto’m‘acrophage membranes than
_snoluble antigens (Gallily et a1 1968: Yasud‘a"et al, 1979), and (3) when
‘OA POL-—treated mice were 1mmun1zed w1th DNP-0A in alum, IgE anti-DNP

- levels detected 7 d‘ays after DNP-priming were always h1gher than in the

_ nontreated controls whﬂe suppressmn appeared on ddy 14 (Table V) ~ This
clearly 1nd1cated that T he‘lper ce]Ts were? effectlve]y produced This -
' helper effect that was readﬂy abrogated may mean that treatment with

. OA-POL does not dfffer nadicallybfrom tceatment with n’twe 0A except
1hsofar as sh1ft1ng more effectwelx_ the ba1ance between Th and Ts towardsah
Ts ce‘lls. 'If this were the case, the d1fferen;te between the two types of
treatments would be quantitative rather than quahtatﬁze Hhﬂe th1s in
itself would still leave.GA- POL treatment with a marked adyantage over [
native OA, there is suff1c1ent, ev:dence to suggest that the two treatments"

" are quahtatwe]y different. F1rst both ant1-hapten and ant’i-0A _IgE
antibodies were suppressed followmg OA POL administration. In tontrast,
only ag,g hapten IgE an§1bod1es were decreased fo]]owing native OA
pretreatment.- The apparent decrease in anti-DNP antibod'les* in this 1atter
group may be due nqot to Ts cells but to‘the presence of an expanded -
‘ popu]ation of ant1-0A B cells successfu]ly competjng wdth a re]atively
small number o‘ ant'I-DNP B cells QzTh cells or for antigen.

| The phenotype of Ts cells 1nduced by OA POL treatment differs from
that conventionally reported in other murine systems. the maJority of'
which are Lyt 1-,243+, It should bé remembered however that these ceHs
have antigen1c-spet1f1c1ty or 1sotyp1c-ss\pecif1_c1ty_ but not both._

*

[] . 1
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Concurrent antigen-specif{c, isotype-specific T cell mediated suppression sfﬁf\,;
was'nepontedqoniy once Pefore (Segawa et al, 1981),and‘the T cel}{i,fﬁ
phenotype was not. determined.: Supoﬁéssion in this study is dependent§gé;%ﬁ?'
Lys 1, but nos Lyt 2, cells from OA-POL animals. Whether this means;%nﬁér
the suppressor-effector ce11 is Lyt 1+, 23- cell remalns an opén aﬁest1on.
It 1s conce1vable that the antigen- and isotype- spec1f1c suppres§1on may
be effected by a novel Lyt 1+, 23~ suppressor cell. Af}eroer;vely an
0A-POL 1nduced Lyt 1+, 23- Terll nay act as an 1nducer of suppression,
sr1gger1ng uncommitted Lyt 123 cells to differenﬁﬁpfe into Lyt 23+
suppressor-etfectors. The presence of an undepleted Lyt 123 cell
population among the cotransferred UA (elum)-primed spleen cells (Figure
'10) ‘makes such a possibility feasible. | |

A .separate quest1on concerns the mechanism by which antigen-specific,
1sotype-specific, T cell mediated suppression acts. Nhether:such
suppression ;eflects.the existence of a single Ts cell with dual antidenic
~and isotypic specifioify, the combineg effect of an ontigen- specific Ts
cell and an IgE isotjpe-specific Ts cell (Sugimura et al, 1982) or
different sensitivities of IgE-B and 1g6-8 ce]Ls to a ;OmMOn T suppressor
”mecban1sm (Kat; et al, 1974) is unreso}veJ. It i 1nterest1ng to note
however that Richman et a] (198])‘repo;!ed simultaneous inﬂ:)tion
duef1nct antigen spec1fic TgG specific Ts-cells and antigen- specific,
.IgA-specific Th cells in murine Peyer's-"patches. Independently,vﬁs cellsc
"setective for Ig6 abtibody responses have been described #n picrylchloride
contact sensitized mice that at the’ same time were displaying norma] 18] 3
requnses to the TNP-bapten (Thomas et al, 1981). It wou]d be difficu]t

therefore to attribute 1sotype-spec1f1c suppression exc]usiVely to

diff;:;it suscept1b111t1es of B cells to suppressive signa1s.

&
»
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The role of IgG anti-OA "blocking" antibedy in this system must be-
addressed, As reviewed at the Intrfuction ,, one school of "thought accepts
that increases in al]ergen-specific igG resu'lt.in decr:ea'sed IgE levels and

clinical improvement, Another ques that such 1ncreases are of no

14

predictive or causative value in humar hyposensitjzat‘ion. " The present
results give clear evidence of T suppressor cells selectlvely affecting’
the anti-0A IQE response. Such ‘cells are demonstrable under a'wide

variety of experimental cond1t1ons. .The 1ack of an- 1nverse corré]atwn

I

between ant1 ~0A IgG and IgE levels makes it. difficult to Justtf_y a s1mp1e

cause and effect relationship for "bJock1ng antibody .. Fu_rthermore»the

-

{nability of serum from OA-POL treated animals to tran_ster suppression
(data not shown), “taken with the demonstrated abil;ty of T c*el'ls from
- these animals to do so, arques strongly against a'd‘irect role for blocking -

antibody in this system. | ,

Human hyposensitization studies with GA'-ragweed syppbrt such logic.. .
In a multicentre clinical trial, suppression gf anti-ragweed IgE
" ] * . 2
production was much greater after two years of treatment ‘than. one; No

' .
difference was found 1n!the 1%e1‘of “blocking" IgG antibody from year'to
' N - ﬁh— 4

year, leading the auth question the valid1ty of its competitive

inhibitory role in in vivo (Knight et al, 1979).

LN
o

Late ongoing murine IgE‘respons_,es are said to be much ‘1gss'amenable-
to su‘ppression than early oneé (de Heck et al, 1982). In this study,
OK-;’OL treated groups have been shown to be suppressed Tor at 1east )

’
200-300; crays A single course of 0A-POL pretreatment given 23 weeks prior

¥
to primary, 27 ueeks pr1or to secondary DNP OA (alum) immunfzattion.caused

L 80-90‘5 suppression of IgE responses “s" three experinents. Similarly, |a
dual course of OA-?OL 1nject1ons abrogated ongoing IgE‘responses for a

\
*

-

)

\-
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period of at least 321 daysfin spite of six additional OA (aiqm) booster
injections. Th1s experiment was also performed three times. Nhile the

W
absolute t1ters of animals treated with OA-POL after QA (glum)

ization (Table V), the magnitude of suppression resulting from,

OA-POL treatment 1s'equa1ly good under either set of circumstances.

se*;zation (Figure 7) are higher than those of animals treated prior to °
se

Such suppression is not attributable to general senescence of. the

immune System since para]le], saline treated control groups responded in a
- normal fashion -with both Igt and 1gG antibodies{ Independent studies a{so

indicate that CBA, and a var1ety of other inbred mouse stra1ns, have

unchanged cabhc1ty to generate’ antibody responses at. 2 years of age.

The mechanism by which long term toierance L nw1nta1ned remains
.controversia1h Af;hough most murjne Ts are relatively short-lived (30-40
d.), unrespons1veness in the animal may last for greater than 150 d. after

. s1ngle i.v. 1n3ect1on of deaggregated protein (HGG) (Doyle et a1,1976).
F1t has been argoed that this apparent discrepancy indicates that longterm
tolerance may be independent of Ts cells, the presence of which could be a
regulatory ep1phenomenon of little or no relevance to the mechanism of

\»,_ynresponsiveness. |
The experiments presented here 1nd1cate that memory Ts ce]ls {Tsm)

b

are represented in murine spleens and can pe recalled after extended.

jperiods of time.’ These data and those 'Lob1aj et al, (1978, 1983)
- suggest. an a]ternate mechanism by whic:ﬂ::}gterm toTerance may‘be
. -maintained. L. o T
It can be seen in figure 12 that memory Ts cells are\recallable not
.only by OA-POL'booster'but also- by booster with the sensitizing antigen,d

natime 0A:  The potential therapeutic advantages of inducing Ts cells with

7 i Ll
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’ same molecule were respon51ble fdn.ﬂmunoge.mctty and for generat‘!ng Ts .
' ceils (Swanborg; 1975; Sercarz et al 197’@) Indeed, instsnces“exlst’

" where Th and B ceHs were directed against different reg1ons of, the’ sage

' N o S T
' o - . '
GA-po]ymer'izgd antigen and having thefr act1v1ty boosted by ‘later exposure'

o . +

to thevunmomfled sensitizing allergen are obvious. From 3 theoret1cal

] . ¢ ., °

perspective, such a finding suggest‘! the‘ pnsswihty that - supp9ress1ve

[

determinants" ‘conmon to the two-forins’ dA and 6A-POL, may Jbe -responSIb'le k
for the preferent1a1 stunu]atwn and recall. o'? Ts cells, 'Preon’q'us
evidence suggests that an epvtope on a proteTn 'antigen gay be presented-
to, and may resu]t in the stmulation of either’ Th or Ts cells: but ngt '

both (Ad0r1n1 et al, 1979; Krzych et al ’1982) _ Distinct peptv‘des of the

e

ant{gen molecule (Senyk et al, 1971; Mauels et a1 1980). G]utaraldehyde .

'mod1ficat7on of ova]bumin maye result Jdn preferenfia] presentatfon of. ‘
T.s .triggernng dete,rmmants( thatrlead to the expansion of these clones and -
the generat ipn "of memory Ts cells. v : o ' - ‘\.
One question that arises from the present experments is. whethe:r~the
l\nglliyed Ts cells are themse]ves Ts effgctor “¢ell¥ or represent antigen-

8

prmed precursors endowed with 1mmunologtca1 memory. that differentaatéa

ﬁnto Ts effector cells upon restinmati-oa with ant'igen. Th.e de]ayed qnset ,
0 3. s
of suppressiqn observed in rec1pients* of 35 x 108 cells fram donors ,

3

treated with OA- POL on day - 200 only,. (Figure 12) suggests that

differentiation from an antigen-primed Ts precursor to a Ts effector is « »

mandatory for suppression to be detected. Had these. ceHs been fully' . TN
Il

differentdated 10ng HVed'ﬂ’s effectors, suppression_‘s_t'tduld have been

evident 1mediate1y after transfer, as seen- on day\‘f 315 the groups .
T "

recéiving 35 X 108 cel}»s from donors treated on day" >/ 16 (Ts and

OA-POL-bqosted Isn) Tsn d1spliy other/classf‘ca'r attributes of .

. ' )
s e e / Co
. 'a)v “ e a
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‘specific, isotype-selective suppressor T cells.- Th'e‘.eieriMental

'provide 2 usefpl 'approach for the selective’ regu'Iation of 1.gE-m

:hypers"ensitivjty. .

*

-

: '1muno1og1cal memory as deﬁned by others (Lob]ay et al 1978’ L1ew et, \
" 1980), such as. mcreased suppresswe activity at a constant number of

ceHs and the requirement for fewer- ceHs._ In f1gure 1z, a.compamson of -

(NN

' suppresswn foHovnnge transfer ofeconstant\ numbers\of cells shows that
'rec1p1ents of OA-POL day -200 day -16 are si gnificantly better suppressed
»than rec1p1ents of the“same number of -cells from e1ther day -16 or day

" -200 OA-POL treated donors. The necessity for fewer cells is 111ustrated

.;BS-

by the fact that 15 X ]05 of the OA POL boosted Tsm popu]atton mediated

’ better suppres_sion than tvnce as many of the other OA-POL popu]atmns (day

14 PCA titers 'of 80 vs 400, 320)

~The r?ove’l f1ndings of this stud_y can be summar1zed as fol]ows.

GA-mod1f1cart1on ‘of protem anfigens can lead to the generat1on of a wide

spectrum of modified mole.cu_les,~ all of which display s1gn1f1cant1y

Y

decreased anti‘gem’ci% Howgver, ooly the high molecular weight ovalbumin

| polymers are capab]e of estabhsmng potent suppress1on of Igt responses.

’ Th1s anti gen- “and- isotype- spec1f1c suppress1on decreases Igt responses of

both naive \and previously sensitized mice by 80- 90%...9}\ -POL induced
suppression is Ly‘t 1+, T,‘ce.l]-dep.ehdent.- In contr'astkwith previous
findings, the suppressed state was maintqi-ned for extended periods of

time, .even.in the absence of further treatment. Long-lived suppressor

‘ceHs are boosterable, even after more than 200 days, with‘«OA- POL or

-

‘native OA, - T

v"The. study. suggests that homleosta,sis of IgE responses may be’

AEN

. maintained, at' least in paf‘rt',"' by long-lived and boosterable, antigen-

/

manipulation of such cells indjcates that'1nqréas'i ng their ivity may

t pd’
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