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ABSTRACT

with an aim to investigate the existence of idiotype-anti-

idiotype interactions in house dust mite allergic individuals,

monoclonal- antibodies (Mab) against antigen Pl, the nrajor allergen in

house dust mite (HDM), were prepared. Crossinhibition between sera

from HDM allergic individuals and Þlabs suggested that a large portion

of human anti-P1 IgE antibodies recognized the same antigenic moiety

as that recognized by Mabs. The Mabs r,uere enployed to screen auto-

anti-idiotypic antibodies (auto-anti-Id) against PI specific antibody.

Indeed, auto-anti-Id positive sera h¡ere detected and the rnajority of

them were from HDM allergic individuars. An extensive

characterization showed that the auto-anti-Id antibody was idiotope

specifíc, and carried an internal image of a Pr epitope. Analysis of

the affinity purífied auto-anti-rd confirmed that it was an rgG. This

study is the first step that might lead to further study of the

regnrlatory effects of anti-Id in Fil]v1 allerg'y in hunan.
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Abbrer¡iations used in this Chapter:

antibcdy

idiotlpe antibody

anti-idiotype antiMy

azobenzen arsonate

group A streptoc-occus carbohydrates

Anti-A antibody anti-hog gastric A substance antibody

Ab

Abl

Ab2

ABA

A_CHO

Anti-AchR

Anti-Id

EPO

æE

CRT

DA]A

DIH

tr,ISA

Fonrryrldet-Leu-Phe formyl nethioyl-leucyI-phenylalanine

anti-acetylcholine receptor antibody

anti-idiotype, anti-idiotlpe antibody,

anti-idiotope antibody

benzylpenicilloyl

cytopathic effect

crossreactive idiotope (idiotype)

deoxyribonucleic acid

deì-ayed t¡rpe hypersensitivity

enzlmre-linked i¡mnunosorl¡ent assay

gnranosine triphosphate

hemagglutinin

hepatitis B surface antigen

herpes simplex virus

idioto.oe, idiotype

leukoryte A j¡terferon

irmnunoglobulin E

immunoglobulin G

@pp

HA

H$ Ag

F]SV

i

IFr\ A

IgE

IgG



rgh

i.p"

KLII

NP

NZB

o\rA

P

Pl-

-3*

immuncglobulin heavy chain

intraperítoneally

keyhole lin.cet hernoc¡mirre

4-hydoxy-3 -nitrophenyl acetlzl

Neø Zeal-and bl-ack (npuse )

oval-b¿min

¡nratope, parotope

the najor allergen in tpr:se dust mite

(D. pteronyssinus)

phosphoryl- choline

plaque forming cell

pollanorphonuclear ( leukoryte )

retinol-binding protein

rye grass pollen antigen I
systanic hpus erythernatosus

T helper cell

trimethyla.ri¡nonium

trinitrophenyl

ß chain of T cell antigen receptor

T suppresscr cel_1

T suppressor cell factor

thyrotropin

tet-ani:.s tcxoid

PC

PFC

BIN

RBP

Rye I

SLE

rF*H

lMA

TNP

Rn

T-e

TSF

TSH

TT
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rn L974, Dr " N"K. Jerne pro.oosed a thg¡ry wirich depicted the

iminune systa'n as a network of interacting idiotyps (Jerne L974). He

postulateC that. the i¡rmr:ne sysiem must play an eigen-]:ehavior nainly

resulting from parato-oe-idiotope interact.ions within the systen, and

this system achieves a dynamic steady state by Lhe i¡teractions of its
elements. The invasion of a foreign antigen wirl disturb the

equilibrium, and push the systern to a new state of dynamic steady

stat'e along with the nranifestations of the conrnonly observed i¡nnure

response. This network theory has had a fundamentat impact on the

thinking of scientists interested in the nature and ,regnrlation of the

immune response. lrTurerous findings on the response and regmlation of
the itnmune sysLem have been i¡terpreted with the network theory and

many o<perirnents have been speciatly desigrned to test this hlTnthesis.

Among the early key sup¡rortive data are idiotype suppression (Cosenza

et al- 1972), neonatally induced idiotlpe suppression (Strayer et al
l-975) , the f inding of auto-anti-idiotypic responses (Kl-uskens et al

L974) and the i-nduction of rnirror imaging antibodies (Sege et al LgiB¡

urbain l-977 ) . The regulation of the rgE antibody res¡rcnse by

idioLl'pe-anti-idiot)¡pe network was reporLed by Blaser et aI (I9B2a) in

the phosphorylcholine (PC) and benzylpenicilloyl (BpO) systems. Most

of these studies vùere carried out j¡ anirnal nodels, and we are still
far from being able to visualize the i¡tact picture of the network

system. The study in human rxrder is in a preriminary stage due to

various ethical reasons, and most of the i-nvestigations are still
searching for the evidence thaL auto-anti-idiotype antibcdies ç><ist.
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Such antibodies have been reported t¡ occLrr during the i-nrnune response

to teianus toxoid (Geha LgBÐ, D\A (Abdou et al- r9B1), acetylchoiine

receptor ( Dwyer et aI 1983 ) o casein (Cunningham-Rundles et al l,g}2) ,

and Rye I (Bcse et aI 1984). It is ap¡nrent that this kind, of search

is the first and essentiat step to establish the network theory in the

hunnn nodel.

IgE mediated allergy to house dust nite is a very cormon disease

in many parts of the world (Morrison-Snith et al- L969), and a major

allergen , named Pl, has been identified and isolated (Chaprnan et al

1980 ) from house dust mite Dermatophagoides pteronlzssinus, wlrich

is one of the dominant species i¡ the hunnn residences (to be reviewed

later ) . The immune reguration of anti-pl rgE response is poorly

understood. The effects of desensitization treatment are

controversial and no clearcuL decrease of the production of specific

TgE has been observed (Paul_i et al I9B4¡ Delaunois et al- f9B5). It
will be interesting to know if the jmmune network cperates in the

human response to Pl, how it regiulates the rgtr response to pl- and if
it could be rnanipulated to eliminate the allergic statr:s.

The purpose of the present study is to investigate the existence

of human auto-anti-idiotype specific to anti-Pl antibodies. It nright

I¡e the first step leading toward a better understanding of tire

mechanisrn of house dust mite allergy and toward a better way of

treatment. As an introduction, a literature review of the immune

network and of house dust mite allergy are presented.
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I. The Inrrrune Netr¡rork

rrnmunology was once prirnarily a part of microbiology, devoted to

the establishment of bacterial serotlpes and uaccination. It vas

gradually realized that the i¡runule repertoire is infinite and complex.

The immune system is able to respond to an enormous array of

unforeseen antigenic stimul-i such as artificially slmthesized haptens.

under the influence of the receptor theory proposed by Ehrrich et al-

in LBIT and. the natural selection theory of antibody fornratíon by

Jerne in 1955, the Australian immunologist Burnet extended the

Darwinism to the cellular level and proposed the clonal- selection

theory in 1958" The discovery of thlanus-bone nn-rro\^/ cooperation

(Claman et al Lg66) and hapten-carrier c'coperation (Mitchison et aI

I97L ) l-ed to the concl-usion that there must. be ccrnmunication betrveen

lymphocytes in the process of the immune response and that such

communication is regulatory. A fundanental and conprehensive theory

became necessary to interpret, describe and predict the interactions

between different components of the immune systern. Therefore,

postulated by Jerne (L914), the immtine neb¡ork theory, which shed a

bril-l-iant light. onto the qurrent generation of immr¡rologists, energed

from the horizon with the discovery of idiotype by Oudin et al (1963),

Kunkel et aI (1963) and Kelus et al (1968) as the prelude.

Oudin et aI (1963,L969 ) immunized allotlzpe matched rabbits with

different Salmonella antigens, and harvested ttre antigen specific

antibodies which were used as antigens to fuinunize the second batch of
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allotlpe rnatched rabbits. The anti-anti-sera thus pre¡nred crculd only
precipitate antibodies against one given Salrnonella antigen but not

antibodies against another noncrossreacting Saln¡¡nella antigen, nor

antibodies from the nonimmunized rabbits. The sec-ond feature of
anti-antibodiss vras that the anti-antibody prepared with antibodies of
a given rabbit immunized with S. tvphi would only react with the

S. tvphi specific antibodies of that individual rabbit, h¡t not
with anti-S. typrri antibodies prepared in other allotype natched

rabbits- rt was then crcncluded that the rabbit antibo{r to sarnpnerla

antigen carried a kind of peculiar allot1pe in wtrich each allotlzpic
specificity would be restricted to a single clone of antibody or a
single individual. r.ater, a new r,,,ord "idiot1T)e" was æined (or¡din et
aI 1969 ) to describe this kind of newly found allotype. The first
part of the lvord "idio", wttich was frcrn the Greek work "¡eculiar", was

justif ied by the extreme peculiarity of thre antigenic specificity
present in the antibody in qr:estion, vùrile the anti-anti-serum in this
context was named anti-idiotype antibody (anti-rd). At the sane

period, Kunker et aI (1963) nade simirar observations by eçloying
human antibodies. Hunan individuals were i¡nnunized with hcg gastric A

substance, levan or de><tran. The specific antibod.ies were purified
and used as antigens t¡ inrnunize rabbits. The rabbit anti-anti-sera

were extensively absorbed with nornal hunan sennn or norrnal hwrnn IgG

and the absorbed prçarations were used to react with different hr¡nan

antibodies. The individual antigenic specificity of hr¡nan antibody

was dsronstrated for two anti-A antibodies, one antidextran antibody,
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anC one ânti-lerran antibodv" These indi.¿idual antigenic s;oecificities
of the antibcdy were idiotype in nature. Flan their close ærrelation
with antibody specif icity, one v¡culd expect that idiotypic
determinants are loca'l ized on the variable portion of the
immunoglobulin molecules and determined by the variable a¡ino acid

sequences. This was proved later (Scnrre et al- ]:gB2). Or:din and

Kunkelrs work realized the ehisive dream of earty immunologists v¡Ìro

speculated that the r:nique crcnfignrration of the antigen-ccrnbining site
determined not only its specificity for antigen binding hrt also its
own antigenic specificity and that it i¡¡cu1d therefore be possible to

raise antibodies directed against the antigen-ccmbining site of an

antibody nplesule.

In order to describe his theory, Jerne Ã974) proposed several

terms. An epitope vâs a patch, i.e., the antigenic determinant, on an

antigen molecule and a ¡nratope vas the antigen-cr:xnbining site of an

anbibody mo.lecule. Since a determinant of the variable region of an

antibody molecule could a-l-so be antigenic, an q>itope of this nature

was denoted as idiotope, and an idiotype lvas a set of idiotopes

displayed by a set of antibody rnolecules. Therefore, each Fab arm of

an antibody morecule disprayed one paratope and a smtl set of

idiotopes which in Jerne's model was located ar';ay frcrn the cornbining

site.

There were three major posturates in Jerne's network theory

(Fig.I, adopted frcrn Jerne, 1974). First, since the repertoire of an
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antibody was enorfilfus and csnpleien it v¡culd be reasonable Lo assuftE

that within the immune system of one giv-en individual. my idioi_ope

(ir) on an antibody molecule (Abl), which possesses iis paratope

(P1), courd be recognized by a set of paratopes (pr) on another

antibody (Ab2 ) which also expressed its crrn idiotlpes (i2). The

second major postulate was that any ¡nratope c-ould rec-ognize a set of
idiotopes within the j¡-rnune system of a given individual. In other

words, in each individual there e<ists a set of antibodies carrying

idiotypes which had a configuration similar to that of the

determinants on antigens invorved in natural or experimentar

immunization. Such idiotypes were designated as the j¡ternal images

of the antigen" By the above postulates, it r,sould be easy to view the

immune systern as a network in which idiotopes 
.and ¡nratopes recogrnize

each other and form endless chains or nets, and this systen would play

an eigen-behavior mainly resul-ting fron the interactions between

idiotopes and paratopes even in the absence of foreigrn antigens.

Since the immune system r¿as observed to be in a stable status in the

absence of foreign disturbances, there ca¡re the third postulate that

the essence of the network ivas repression of its llmphocytes in order

to achieve dynamic equilibrirm. In such equilibrium, the elqrents

(molecules and cells) of the internal image pZLZ were largely

stimulatory towards the potentially responsive prir, vùrerea.s the

elements of the pararler set P3i3 (Fig. 1) vuere largely inhibitory.

These opposing forces resulted in a batanced suppression which must be

overcome in order to obtain an inrnune response to a foreigin antigen.
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This network theory d-re'rr great attention frcrn the immr:nolcgists

and many experiments v¡ere designred to test tire theory. As a logical
process' the investigators started frcrn testing the existence of ant.i-

idiotype and proceeded to investigate the regulation of the net,vork"

The experiments \,vere progressing from animar to hurnan moders.

Currently, a large body of evidence supports the theory and naturally

the theory has been constantly nodified to cope with the new phencrnena

encountered during nrore than ten years e<ploration.

A key prediction of the neLwork concept was that idiotypic

determinants are autoinrnirnogens. This has been proven to be true by

many investigators. The slmthesis of anti-Id antibodies against self-
idiotypes lvas f irst demonstratd by Rodkey Qg74). Rabbits were

immunized for a period of 189 days with the hapten trimethylamnonir.¡n

(TMA ) and anti-TMA antiserum was collected. The rabbits r,ere rested

for 432 days, and. the af finity purified anti-TMA Fabr, fragrents

were used to immunize the rabbit from which the antiserum was

collected. The auto-anti-Id was detected by radioimmunoassay. fhis

auto-anti-Id was specific for autologous antibodies, and no

crossreactivity was detected for antibodies of the same specificity

but from other littermates. Interestingly, the idiotlpe-auto-anti-Id

interactions were hapten inhibitable. This indicated that the
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idiotlzpe rras loca'ted in or crose to the combining site of the

antibody. This idiotype d.iffered fror the idiotype in the original
sense of Jerne rvho hypothesized t.hat idiotlrpe and. parato.pe are

separately located. Thus, the theory had to undergo a nrcdification.

This kind of newly defined idiotype was named ccrnbining site idiotlzpe

and the corresponding anti-rd rvas designaLed as Ab2u (Kohler I9B4).

The location of such a combining site idiotype was not furry
established. According to the known tlrree dinensional structure of
Fab fragnents and to the calculation of the binding energ:y contrih:ted
by the combining site, Kabat (1984) suggested that. the so cau_ed

combining site idiotope is located on the rim of the cavity-type
combining site of the antibody, and that it wirl undergo a

conformational change when antigen binds to the combining site.
However' I believe that this suggestion should not be overgeneralized,

because this suggestion is only based on three e<periments, and does

not exclude the possibility that the cornbining site idiotope 1ocates

within the c-ombining site.

The auto-anti-fd was suhsequentty found in inany systøns. I4ost of
them were artificially induced by immun ízation with antigen or

antibody, rike in the initiat o<periments by RodÌ<ey. saj<ato et al
(L975 ) immunized slmgenic mice with myelcrna protein, and anti-Id was

later detected. Cosenza Q976) detected auto-anti-fd positive cells
in phosphorytcholine immunized mLb/c mice. Schrater et aI il:gTg) and

Cowdery (1981) reported the presence of auto-anti-Id during the nornnl
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imnune response cf nrice to TNp-Ficorl or polyinosinic- pctycytidylic

acid. RoCkey ei al- (1983) darons-urated the occurrence of auto-anti-Id

iqhen rabbits lvere hyperimmunized with the gram ¡rcsitive bacteri'¡m

micrococcus rysodeikticus. McKearn et al (Lg74) discovered
auto-anti-rd irr rats repeatedly immunized with alloantigens.

Recently, auto-anti-idiotype antibody has been found in several

other animal models. Rabbits immunized with thyroid-stimulating

hormone could produce auto-anti-Id antibodies (Beall et aI l9B5 ).

Mice infected with schistosoma mansoni generated splenic
auto-anti-Id plaque-forming cells (pcx¿el1 et aI l9B5 ).

The spontaneously occurring auto-anti-Id seened rnore convincing

in supporting the network theory since rnost of those artificially
induced auto-anti-idiotype antibodies r,.¡ere generated under drastic

immunization procedures which were not crose to physiologicar

conditions. In a few cases, a sponta,neous auto-anti-Id response \æ.s

also d.emonstrated during a natural immune response. coombrs

antibodies to erythrocytes produce severe hemolytic anemia in New

Zealand Black (NZB) rnice. The FI hybrids of NZB and norrnal strains

develop a milder form of disease. This crcrrelates with tJre presence

of auto-anti-idiotypic antibodies that specifically recognize the

idiotype of the NZB Coombs' anti-erythroqzte antibody (Cohen et aI

L9B2; Eisenberg et aI 1985). Rodkey et a1 (1983) rnated a heterozygous
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female rabbit with a hornozygous male rabbit. The offsprings -.^rere

exposed via in utero transplacental and later by colostral Ig tra¡sfer
to irumunoglobulins of an allotlzpe rvhich v¡as foreign to tham, ancl

developed anti-al antibodies. The purified anti-al Fab fraguent -was

able to detect the auto-anti-rd antibodies in the offspring.

In the human system, only a few well docunented examples have

been d.escribed. demonstrating auto-anti-idiotype antibodies.
Cunningham-Rundles (1982) found that individuals with IgA deficiency

would develop anti-casein antibodies and subsequently would develop

anti-anti-casein antibodies. Geha (r982) described
auto-anti-idiotypic antibodies after tetanus toxoid hyperin'ununization.

The anti-rd was highry specific, and no crossreactions between

different individuals vere observed. This anti-Id was detectable I0

days after booster imrmmization. Several studies (Abdou et al l-9gl;

Zouali et al I9B3) have shown thepresence of anti-Id against ant.i-DNA

antibody in systemic h4>us erlzthemtosus (SLE) ¡ntients and in scme of

normal individuals. D,Dzer et al- (1983 ) discovered naturally occurring

anti-idiotypic antibodies against anti-acetytcholine receptor

antibodies (anti-AChR) in myasthenia gravis patients. rt is

interesting to note that his finding was rnade incidenLally, when he

was trying to set up an enzlare-linked jrnminoabsorbant assay (ELISA)

to measure the level of anti-ÆhR antibodies in the ¡ntients. Bose et

al (1984 ) reported the presence of auto-anti-Id to anti-R1ze I

ant.ii:odies in rye grass pollen allergic i¡dividuals.



-15 -

riost recently, Troisi et ar_ (1985) detected an rgM auto_anti_

idiotype antibody against anti-læpaiitis B surface antigen (HE Ag)

antibodlz in hepatitis B patients. Naturally cccurring serum anti-
idiotYpic antiirdy against anti-liver-specific irernbrane lipoprotein in

¡ntients with hepatitis was also de¡ncnstrated (Tsubouchi et al 1985).

The presence of auto-anti-idiotypic antibody is a strong evidence

that idiotype determinants of inrnunoglobulin can fr:nction as auto-

immunogens, and. has fulfilled the prerequisite of the ecistence of the

neLwork. since each Abl can ericit the production of Ab2, by

inference, the idiotopes of Ab2 molecules shoufd be able to car:se the

production of Ab3, whrich j¡ turn will cause the production of Ab4 and

so on. This has been shown to be true in sorne cases. Bona et al
(1981) reported that syngeneic mice irnrntr-lized with autologous 1evan-

binding myeloma protein (Abl- ) Ied to the a,opearance of auto-anti-
anti-Id antibodies (Ab3), which could bind Ab2 but did not bind levan.

These resulis seerned to support the classical view of open-ended

network. Urbain et al (Lg77) a¡d Wikler et a-l- (1984) developed an

immunization cascade in r¡¡l'rich a groq) of rabbits $iere i¡nmunized with

Micrococcus luteus, and the purified antibody from the grol:'o

against a carbohydrate isolated from M. ruteus was used to
immunize the second grot1o of allotlzpe rnatched rabbits to produce Ab2.

Ab2 was used to produce Ab3 in the third group of rabbits, and Ab3 was

used to produce Ab4 in the fourth group of rabbits. It was found that
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Ab4 recognized AbI, tike Ab2, buL q¡ly about 58 of the total amount of

Ab3 made by individual rabbits bound antigen, as Abl did. Bcxla et al
(1981) used another myelona binding to fructosan Lo inmi:nize syngenic

mice in a protocol of cascade immunization sj:nilar to ilrat of Url:ain,

and prepared 4b1,2,3 and Ab4. The resurts suggested that Ab4

resembled Ab2 because both bound to Abl, wlrile Ab3 did not bind to

antigen as Abl did. This result was similar to wLrat Wikler et al
(1984) observed. These observations have been interpreted to indicate

that' the idiotype network systern is not cpen-ended, and. that there

might. be asynrnetry in the systen.

Although Jerne never excluded T cells in his network theory, his

emphasis was on the B ce1ls and their products. rYany experiments

lat.er indicated that T cells and their products r,,ere also an important

component of the network. A cascade of idiot-1pe-a,rti-idiotype of T

cells and their factors has been d-scrii:ed in the antibody res¡rcnse to

the azobenzen arsonate (AR) epi.tope by Gercnin et al- (1981) and in

derayed type hyersensitivity (DrH) response to the hapten 4-hydroxy-3-

nitrophenyl acetyl (NP) by Weinberger et aI (1980)" Intravenous

injection of hapten derivatized syngeneic cell can induce T suppressor

cells (Tsl ) and. its factor T"IF" The TsI and T=rF are antigen

specific and share idiotypic determinants with antibodies. T=rF can

induce Ts2 suppressor T cells which secrete a Ts2 factor (T=2 F).

This factor does not bind to the antigen or anti-idiotype but can be

remorzsfl þy the idiotype, therefore the T=2F carries an anti-
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idiotlzpe" The T"2F with Lhe help of antigen can aciiirate Ts3,

which is an idioty.oe pcsitive and antigen bindíng effector ceII. IL

is now known that. T cetl is utilizing a d-ifferent. set of genes for Ag

receptors than does the B cell-, therefore it is jrrteresting that T

cells or their factors bear crossreactive idiotypes with antibodies.

Most likely, this crossreactivity between T and B idiotypes is due t¡
the similarity in conforrnation hrt not the prirnary structure of the

idiotlzpe, and the basic reason for this c-onforrnational crossreactivity

could be that T cells are positively selected by the idiotypes and

internal images carried by B cells during the thymus education as

hypothesized by McNamara et al (1984) and Sy et a1 (1984)" There are

certain sirnilarities between the V gene structures cf Igh and that of

ß chain of T celr antigen receptors (TRu) (siu et al r9B4). They

all have clusters of vt D and J e<ons; in both cases, these e>(ons

undergo rearrangement to form the final genei in both cases, there are

highly preserved hepta- and decanucleotides in the vicinity of v, D

and J exons; and in both cases , the rearrangernent of V, D and J

follows a similar II + 23 rule. There are 7 high variable regions i¡

the V gene of TRn (Patten L9B4) and 3 of them are located jl the

correspondent places of the classical inrnunoglobulin high variable

region of x chain. AII these sirnilarities sesn to indicaie thal- V

gene of Tg and TRU might be derived from a primordial gene, and

this might be an additional factor contributing to the crossreactivity

between idiotlpe antibodies and T cell receptors.
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It is worthivhile to .coint out that the existence of autc-anti-

idiotype antiÏ:odies or idiotype-anti-idiotlpe cascacles have only been

demonstrated in a litnited nr.nrber of ant.igen syste:ns or animal mcdels

among a large number of antigens or anj-mal mcdels tssted. This shculd

not surprise us since we lcnow lpw diverse the idiotypes or anti-Id is

and. subsequently lrcw sparse a certain idiotype or anti-Id will be in

the huge repertoire of idioLypes o<isting in a given ani¡nal or hunnn.

Probabry the rd and anti-rd are present in neny, if nol alr, antigen

systems hrt the signals are so loq¡ that the nethods currently enployed

are not sensitive enough to detect them. when the artificial

immunization protocol, which is usual-ly quite drastic, is appried, the

concentration of certain idiotypes is considerably elevated and the

subsequent components of the cascade is then induced to a detectable

level.

One irnportant conce.ot in the network theory is that each ¡nratope

recognizes an idiotype. This requires that. foreígn antigenic

determínants crossreact with some of the idiotypes and these

crossreactive idiotopes wiIl be the internal irnages of foreign

epit.opes. The first direct evidence suggesting the concept. of

internal image was provided by the studies of Sege et al (1978a) in

the insulin system. Rabbits \,vere immunized wit'h rat anti-insulin

antibodies, the anti-Id thus prepared oculd bind to rat-anti-insulin

antibodies, and the binding could be totatly inhibited by insulin.
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Conversely' the anti-Id corrld cause al¡nost ccmpleie inhibition of

insulin binciing to the insulin rece.oL.ors on raL epid.idynal fat cell-s.

The anti-Id could also increase o-an-inoisohrtyric acid r4rtake by lzor:ng

rat thymocytes as did insulin. Nq>qn et aI I9B2) studied, internal

image in the reovirus systanl. It vas found that. the irn¡rune response

to the mammalian reovirus was specific to the hernagglutinin (IIA) of

the virus, and antibodies generated to HA were of rimited

heterogeneity. A rnonoclonal anti-Id antibody r,uas produced against a

monoclonal a¡rti-tA antibody. It was found that the nxrnocl-onal anti-fd

and the reovirus type 3 could both bind the same type of receptor on

the target cells of the reovirus. Furthermcre, it was found that the

HA-specÍfic rytotoxic T llarphorytes could lyse the hybridonra producing

anti-rd antibody, and. that the anti-rd Mab courd trigger jnurune

response to a certain o<tent against reovirus. It vüas suggested frcrn

all these results that anti-Id antibcdies represented the internat

image of virus HA. Schreiber et a1 (1980) raised anti-idiotypic

antibodies against the Ig fraction of the rabbits inrmr:nized with

alprenolol, which is a potent antagonist of the ß-adrenergic

catecholamine hormones. The anti-Id could bind to the ß-adrenergic

rece,otors and activate the adenylate cyclase of turkey erythroryte.

Sege et al (1978b) pre.oared antibody to rel-inol-binding protein (RBP)

in rat.s, and. anti-Id antibody to RBP specific antibody qa.s raised in

rabbits. The anti-Id could bind t.he receptor for RBP on the

epithelial celt of intestine and impede RBP-irediated 3H-retinol

uptake of intestine epithelial cells. Farid et al (L982) studied
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anti-Id in thyroiropin (TSH) system. Rabbits i¡rimunizsl with rai
anti-human TSH antibcdies prcduced inrmunoglobulin v,inich dio noi bi¡d
the hormone but inhibited the binding of bvine TSH to the pcrcine

thlrroid receptor in a dose-dependent nnnner. rn the presence of

Gpp(NH)p, the anti-rd antibody increased the thyroid nsnbnane

adenylate cyclase activity 40? over the enzlanic activity induced by

nonspecific rg. The rate of incorporation of 13rr-N" into curtured

thyrocytes was also increased in a dose dependent rrpnner by the

anti-Id which further induced the organization of these cetls into
fotlicles after f ive to seven days culture. Thr.rs, the anti-Td. v¡as

mimicing TSH both structuralry and functionally. rn a study by

Marasco et aI (1982 ) anti-idiotlzpic antibodies rvere raised in rnice,

guinea pigs and goats against rabbit antibodies to the chemoattract¡.nt

pept ide formyt methioyl -Ieucyl-pLrenylalanine (formyl t4et-Leu-phe ) .

The anti-rd could bind to rabbit potlanorphonuclear (pMN) lerf<ocytes

which carried receptors for formyr Met-Leu-phe. The (Fab'), of tle
anti-Id could partially inhibit the binding of the formyl Met-Leu-phe

pept.ide to the receptor on pt{N. However, the authors could not

d.emonstrate that. the anti-Id mimiced the biologic activity of this
peptide. Kennedy et ar (1983a,b) have sÌrown that injecting Barb/c

mice with soluble anti-fd antiboCie-s specific for an i¡terspecies

crossreactive idiotype associated with the combining site of

antibodies to hepatitis B surface (HB ) antigen could elicit an IgM

anti-HBS antigen antibody response without subsequent antigen
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exposure, and aùninistration of alun precipitated anti-Id enhanced IgG

class idiotlpe production.

Recently, the role of internal irnage of anti-Id was dsnonstrated

in some more instances. Tha¡ar¡ala et al- (1985) produced nucnoclonal

anti-Id against a ¡ncnoclonal antibody (idiotype) to the deterrninants

of HBS antigen. The two clones of the anti-Id nimiced HBS antigen i¡
their ability to bind polyclonal anti-HBS antigen pre¡nred in a

variety of species. Glasel et al (1985) reported that rabbit

anti-idiotlpic antibodies raised against nronoclonal anti-ncrphine IgG

could block the binding of nxrrphine or naloxon to rat brain cpiate

receptor. Ttris suggested that the anti-Id carried the internal irnage

of morphine. An anti-id.iotlpic hybnidorna antibody directed against

rabbit antibody to the recombinant human leukoryte A interferon

(IFN-A) was prepared by Osheroff et al (1985). Interestingly, the

anti-Id denronstrated interferon-like anti-viral acbivity as shcn*n by a

cytopathic effect (CPE) inhibition assay employing vesicular

stomatitis virus and it targets bovine kidney (MBK) cells. The

monoclonal anti-Id was also shown to be able to bind interferon

receptor bearing I"IDBC cells, and. to conpete *itf, I25f- IFN- A for

binding to rabbit anti-interferon antibody. Therefore, this anti-Id

seemed to be a functional internal irnage. The ocistence and function

of internal irnage is not only related to hr¡rpral i¡tmrne response, h:t

is involved in cellul-ar response as weII. frtl et aI (I9BAa,b) used a

monoclonal anti-idiotypic antibody directed against a Sendai
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virus-specific mouse helper T cerr clone, to induce an anti-virar
immune response in vivo. Mouse splenoqztes prined with the anti-
idiotype antibody nediated an antigen-specific c¡¿tolytic response and

preimmunization of mice r¿ith ttre anti-idiotlpic antibody resulted in
protection against a subsequent lethal infection with Sendai virus.

rn this study, anti-rd was against a T cell idiotlçn and r¡as abre to

trigger cellular inmune responses.

In the human systern, rncst of the studies of internal irnage were

focused on the similarity of determinants between anti-Id and q>itope

of antigen. Very little r.rcrk of the function of the internal irnage

was carried out in vivo, again due to ethical concerns. The

auto-anti-Id described previously, i.e., in the casein systern by

cunningham-Rundles (L982) , in the tetanus t¡>roid systen by c,eha

(L982) | in the SLE system by Abdou et aI (198I), h the myasthenia

gravis systen by D4rer et al (1983), in the Rye I systern by Bose et al-

(1984) and in the he¡ntitis B systent by Troisi et al (1985) are all
internal images of an antigen, at least conforrnationally, because

their binding to the idiotlpe c-ould be i¡hibited by epitopes of their

respective antigens. Naturally, studies on biological function are

necessary to finally prove that these anti-idiotypic antibodies behave

as internal inages.

It is noted that in Jerne's original network nndel, tLe internal

image (í2) is carried by a set of anti-Id, the paratope of v¡hich
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(Pz) can be specif ic to some other rnr"erated ryitop (Fig.l). rn

other wordsn Jerne suggestd that the idiotopes are located auay fron

Lhe combining sites, i.e., tk¡e paratcpæ of the antibodies. This is

not necessarily always the aase. In rÐst of the str¡dies d.iscussed

above, the Abz carrying internal image reacts i.¡ith AbI vÈrich is
specif ic for the øiginal antigen. This suggestæd that. tL€ ¡nrato¡re

and idiotoper ât least t,hose in Ab2 ,Pzil, are in the same

læation, and that tlæ id_iotcpe is a part of tte paratope.

The biolqical ft¡rcÈion of tlæ ant,i-Id carrying internal irnage of

foreign antigen under t,he nat,ural corulitions næds to be fi:rther

investigated. According to Jerne, the internal image has a
stimurat.ory ef fect. sr Ahl ¡xoô:ction" Tfiis effect cou-l-d play a role

in the priming n bsting ø long tenn nwory of tle irmnure response.

Besidee t,hie o infønal imçe æsigþt' h æesrÈie.]. ln tl¡e ætabtÍelsrwnt

of the T cell repertoire during early differentiation of inxnune

competenÈ cells in t,he thymus as hypothesizd by tbNernara et al
(1984)' and the transplacentaL tranefer of naternal internal inages

might infh:ence tl¡e fetar idiotyBe profire (Rothstein et al r9g4 ) "

Mos t auto-anti-idiotlpes and internal ùrages discussed previor.rsly

only bind to tt€ idiotlpic antiMiæ with tle såÍ€ giross specificity

to their respæti'æ antigens. Hcm¡ever, Oudin et al (1971) shpwed that.

rabbit anti-Id antiMiæ for anti-chicken cnralhlnin antibodies bind

idiotopes of anti*turkey and a¡rtiduck ovalh¡nin antibodies. This
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indicates that. shared idiotopes exist on antibodies of different

specificities" In Jerne¡s irodel, these antibcdies are named. parallel

sets (Fig"t). This phenomenon hns been confirmed in ma-ny systerns"

Wisocki et al (198I ) demonstrated that the sera of non-i¡nnu1e ef mice

contained low but detectable levels of immunoglobulins bearing the

crossreactive idiotypes (CRIA) that are normally the dcarlinant

crossreactive idiotypes in the anti-arsonate response of strain A

mice. These immunoglobulins could not, hrcxnzever, be absorbed onto

arsonate coupled to an affinity column and thus appeared not to be

specific for arsonate. The level of CRIA positive

arsonate-non-binding Ig re¡nained low even after hlzperi-nnnunization with

arsonate conjugated proteins, whereas monoclonal anti-CRIA

antibodies could elicit high concentrations of both arscnate-binding

and. arsonate-non-binding Ig. Ttæ CRI positive arsonate-non-binding

hybridoma a¡rtiiædies have ncrv been isolated. Based on these and. other

similar observations, PauI and Bona (1982) proposed Lhe crcncept of

regulatory idiotypes. The idiotypes shared by antibodies with

dif ferent specif icity are referred as regiulatory idiotypes and at

least some of the dominant crossreactive idiotopes are actually

regulatory idiotopes. These idiotopes are rrÐre auto-inrnunogenic than

the conventional idiotopes because they exist in higher

concentrations, and therefore quite reasonably are able to boost the

pre-existing regulatory cells which bear ccmplanentary paratopes"

Hence, the activation of B cells (and, presurnably T cells) bearing

such regulatory idiotopes is likely to be regulated by the
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pre-existing idiotope specific regiulaiory systen. Moreover, this
control ís extended on B ceils w-ith different antigen specificitlz as

long as they bear the same reglllatory idiotope. This concept based cn

experimental data from several systerns, is another rodification of

Jerne's original- theory. Sone subsequent studies have been carried

out to examine the regulatory idiotlzpe nodel, and will be reviewed in

the follcxving paragraph. since the proposers of the concept

themselves, did not expect that all the antibodies expressed

regulatory idiotopes, especially in the instances where responses to

complex proteins are involved (Paul et aI L9B2), it is not surprising

that not al-I the results support the m¡de1.

We have reviewed studies about idiotlpe auto-anti-Id, internal

images and crossreactive idiotypes. These are the essent.ial

constituents of the immune neûwork. The next logical question to be

asked is whether the immr:ne network is functional-? To be functional

it. means that the network is self regulatory and can naintain a

dynamic equilibrium. Any foreign disturbance, e.g., disturbance by

epitope' idiotope, or anti-idiotope, of the inrmune systøn should cause

subsequent changes of different b:t interconnecLed ccrnponents of the

network, and a new equilibrium will be reached through activation or

suppression among those conqrcnents. The effect of epitope or idiotope

on immune system has long been studied, lrcwever, the results can be

interpreted by nnny other threories besides the network hlpothesis. It
seems better to dissect out the anti-idiotype frcm the entity of tle



-26-

neiirork, and to study its regulatory effect in order tc erucidate

some extent the regulatory nechanism of the netr,¡ork including that

regulatory idiotype and to verify thr,at the net'¡¡ork is functional.

Numerous studies have been carried out to study the regmlatory

effect of anti-idiotype and nx¡st of thern indicate that the anti-Id
play a inhibitory role toward either the hr¡rpral or cellular arm of
the immune response. The first study was by cosenza et al 1.1972).

More than 80% of the phosphorylcholine (pC)-specific antibodies

produced by BaLb/c rnice enpress idiotypic determinants crossreacting

with those found on the TEPC-IS group of PC-specific myelcnra protein.

These crossreactive idiotype are named. T15. Adult Balb/c mice r,,ere

in jected w-ith anti-Tl5 antiserum prepared h 1f" rnice, and challenged

with a PC antigen (R364 ) on the folrowing day. TLe plaque forming

cell (PFC) response was specificarly inhibited after 4 days. rt was

then concluded that the anti-Id to T15 can suppress the forrnation of

anti-PC hunoral response. The nechanisn of the anti-Id- suppression in

the PC system was studied rater by Bottonly et al (1978)" Adoptive

secondary antibod.y response to PC could be generated by the transfer

of keyhore limpet hemocynine (I{,H) prjmed T cells, pc-bovine-rgG-

primed B cells and PC-KLH together j¡to irradiated syngeneic p^1b/c

mice. If tlre l{Jl-primed T cell donors were pretreated with anti-Id Lo

T15 raised in rabbits, their T cells were rmable to collaborate

effectively with PC-primed B cells. lr{oreover, they could suppress the

helper activity of T cells frqn Iü,H-primed norrnal rnice. These resul-ts

to

^cUL
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suggested that anti-Id induced T, cells wtrich could inhibit T helper

cells. However, in a study by Kim ,1979 ) different results were

obtained. PeJ,b/c spleen cells rære cultr:red in vitro in the presence

of anti-Id to T15 prqlared i¡ eÆe raice and a FC crcntaining antigen

R364. The antibody response to PC was deterrnined by PFC assay with

R36A coupled sheep red blood ce1ls" The presence of anti-fd antibody

in the culture for at least 2 days ræ.s necessary to achieve ful-l

suppression of anti-PC production in the presence of R364. Itre

anti-PC response of a nylon i,rcol-separated B cell pop:lation was also

greatly suppressed ( 948) after 2 days treatnent with anti-Id in the

presence of antigen. It was thus cronchded that B ce1ls crculd also be

the direct target of anti-Id suppression. Nevertheless, in this study

the purity of B cells pre¡nred was qr:estionable and the crcntamination

þ T cells crculd not be occhded.

Another early study about the regrulatory effect of anti-Id was by

Hart et aI (L972) in the arsonate systen. A significant percentage of

the arsonate-specific anLibodies produced by V.f mice e:q)ress at least

some llembers of a family of crossreacting idiotypes referred to as the

CRIA idiotype. Adult A,/J mice were injected i.p. twice within 3

days wiLh rabbit anti-Id against CRIA and challenged afLer 2, 4, 6

and l0 weeks with arsonate conjugated keyhole J-inpet hrenocryanine

(Ar-KLH ) . A suppression of GI positirrc anti-arsonate antibody was

observed in all the bleedings at week 5, 7 and II. when V; mice were
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injected tivice i"p. with rabbit anti-rd against cRro two weeks afier
the first jmmr:nization with Ar-KLH (Parvlak et. al Lg76), the production

of anti-arsonate CRro positive antiiædy r4>on chaltenging with Ar-I{,FI

was suppressed and this suppression lasted Ìp to 7 i,¡eeks after the

administration of ant.i-rd. This suppressicn on the secondary antibody

response indicated that the nemcry cells v,;ere inhibited. Oven et aI
(I978 ) tried to elucidate the mechanism of such anti-rd i¡duced

suppression. AÆ nlice were injected i.p. with rabbit anti-T15 anti-rd
and then hyperimmunized v¡ith hemoqyanine-arsonate. The purifÍed T
cell from these mice were transferred to irradiated naive nLice. It
\tias found that the CRrA positive anti-arsonate antibody response of
the recipient mice was jnhibited. The T cells which formed rosettes

with cRrA coated mouse RBC were responsib.le for the suppression.

Thus, the inhibition by anti-rd was via idiotypic-specific T, cerls.
It was noted that anti-arsonate antibody response of the recipient
primed with protein-Ar conjugate prior to the adoptive transfer of T

cerrs were not sup;oressed. This was taken io suggest that the

activated B cells were rather resistant to Ts cerrs. This
explanation seemed to be contradictory to Pawlak's observation that
the secondary antibody response tc arsonate could be inhibited by

anti-rd for nx¡re than one month. Maybe another uni<nown nechanism was

involi¡ed.

An interesting study tvas carried out by EicÌ^rn'nnn (1974) in

another antigen system. Arr A/J mice immunized with Group A
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streptococcus carbohydrates (A-GIO) res¡nnded by the production of an

idiotype which is crossreactive with tÌ¡e nu¡noclonal antibody A5A

against A-CHO. This crossreâctive idiotpe is referred to as A5A.

A,/.1 mice v¡ere injected i.v. with guinea pig ant.i-idiotlpe antibody

against A5A 10 days before receiving a series of A-CrO intravenous

immunization. Ttre titre of antibody carrying A5A idiotlpe was tested

by radioimmunoassay" It v¿as found that lco¡ dose (( 10 ng) and high

dose (> I pg) of anti-Id achieved only a transient sr4>pression of

A5A positive antibody and that the su¡pression was dose- dependent"

However, the inter¡rediate dose of anti-Id could cause a long lasting

suppression which was noL dose-dependent. Surprisingly, the

inhibitory effect resided exclusively in the TgGz subclass of

anti-fd while the IgG, subclass had a slight enhancing effect on A5A

positiire antibody production.

Hence, crossreactive idiotypes orist in al.l the three antigen

sysLems discussed above. Both enhancing and suppressive effect of

anti-Id were observed in different instances, altlrcugh nrcre studies

are needed to concl-ude that in these cases the regulation was

exclusively rediated via those crossreactirc idiotopes and Lhat these

idiotypes were indeed regrulatory idiotopes, as hlpothesized by Børa.

Recently, the regulatory effect of anti-Id r.¡as strdied in several

other animal models, in sone of wlrich no crossreact.ive idiotype was

demonstraLed. Kennedy et al (1983a,1984a) re¡rcrted that Balb/c rnice

receiving i.p. rabbit anti-Id before tlre injection of HBS Ag generated
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an enhanced anti-lìBS antigen antii:ccy res-ocnse which vas monitored

with radioim-nunoassay, On the contrary, 1,.¡hen rabbit anti_Id againsi
monoclonal antibody to herpes simprex virus type 2 (HSV2) was

ín jected into Be,Ib/c ¡nice before chalrenge with a 50g lethal dose of
HSV2 there was a shorter survival time than that in the con-trol

animals treated with norinal rabbit rgG (Kennedy et al I9B4b). Hanh

(1984 ) studied the effect of anti-ld on anti-DIA antibody production.

NZB/NZW Fl mice spontaneously develop nephritis and anti-DbiA

antibodies carrying a crossreactive idiotope. wten nr-ice l^ere treated
with repeated injections of a monoclonal anti-rd that vas widely
crossreactive with NZB/NZW antibodies tc D{4, the crossreactive

idiotope positive anti-DNA rgG became undetectable in their serurn,

total antibody to DNA were reduced in quantity and the survival was

prolonged. However r sup,oression of the i:otal anti-DNA antibody was

transient due to the ernergence of large quantities of anti-DNA

antibody that did not bear the crossreactive rd. Hence, other
mechanisms may counteract the anti-Id regulation and it is necessary

to take this into crcnsiCeration i¡ attempting to nanipulate the immr¡re

response with anti-idiotypic antibodies .

Several studies have been carried ouL to study the anti-Icl
regulation in the hunran mcdel. Geha (1984) raised rabbit anti-Id to

tetanus toxoid (TI) specific human antibody. The preincubation of T

cells from TT hyperimmunized individuals with anti-Id for 48 hr

resulted in the generation of antigen-specific suppressor cells grat
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inhibi ted in vitro T cert proriferation in response to Tr. These

suppresscr cells al-so inhibited the in vitro synthesis of IgG a,rti-TT

in response to TT antigen stimul-ation. These sl4)presscr cells are

idiotype positilze since adsorption of T cells over plates coated with
rabbit anti-rd removed suppressive effects of the T cells. rn a
simirar moder, saxon et al (1984) reported that in the TT

hyperimmunized human individual-s, the occurrence of auto-anti-Id in

the seru]n \.das correlated with the developnrent of a cutaneor:s anergy to

TT and with a suppresseC in vitro peripheral blood rnononuclear ceII
blastogenic response to soluble 1II. In a clinical study by Rankin et
aI (1985 ), rnouse anti-fd was adrninistered to 2 Sntients with advanced

B cell llanphorna. A transient (several hrs) reduction of the nuinber of

circulatory rd positive lymphocytes was observed, Ircwever, the

mechanism was not studied and the possibility of relocation of these

malignant cells was not excluded. It was a]-so understood that the

idiotlpe bearing B cells were i¡a1iqlant and that the effect of anti-Id
on these cel-ls might b: totall-y different frcrn tÌrat on nornnl B or T
cells. Another recent clinical study i.vas carried out by Frcrnmel

(1985 ) " He reported that a hemophiric patient deveroped

auto-anti-idiotypic antibodies toward antibody against factor VIII C

and this could account for the decrease of activity of autoantibody Lo

factor VIII C. Like many clinical investigations, this study nas

difficutt to con'trol for r¡arious ethical reasons.
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Since our najor interest is the im-mu-re netwcrk jn house dust nite
al lergy which is mediatec by rgE, it is lnrLhwhile to review the

idiot-ype/anLi-idiotype regulation of TgE response, r.¿hjsþ has been

investigated so far, in anirnal- noders. rn a study by Blaser et al_

( 19B3 ) Bal-b/c mice lvere f irst actively immunized with purif ied

anti-benzylpenicilloyl (BPo) antibodies (Id) derived frcm syngeneic

animals. These Id prj-rned rnice v¡ere then injected after several nonths

with BPon-ovalbumin (ovA) in alum. The anti-Bpo rgE antibody

production was selectively suppressed for rnore th,an 20 weel<s in such

mice actively producing a-nti-Id. The production of TgE anti-carrier
protein (o\4.) in these rnice vas not impaired. The suppression of rgE

anti-BPO could be transferred by whole spleen cells to irradiated

mice. If the spleen cells were treated with nonoclonal anti-Lyt2.2

antibody plus complement, the suppressiån could no longer be

transferred" This suggested that anti-Id had induced T, cells that

were responsible for the suppression of the hapten specific rgE

response. fn similar experiments (Blaser et aI I9B1), rnice were

immunized repeatedry with anti-carrier (o\rA) ant.ibody, in order to

produce anti-Id Lo anti-OVA antibody. These rnice were then sensitized

three months later with Bpo4-ovA or tb{pn-o\A. The production of

rgE antibodies against both haptens rvas suppressed. rf, however, they

were sensitized with an antigen consisting of the same haptens, h:t
bound to an unrelaLed carrier (such as ascaris protein exlract, ASC),

they showed nornal levels of anti-hapten and anti-carrier IgE. This

carrier specif ic suppression wa.s not isotype specific, beea.use rgG
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antibodies v¡ere also su¡rpressed. The o<act nechanisns invol¡,ed in the

regulation by anti-carrier anti-Id were not fu1ly understood. It is

possible that the anti-Id had induced carrier-specific T, cells

and/or blocked carrier-specific T helper (Tr) ceIts" A similar

regulation þz anti-Id was also observed in the PC systen (Blaser et aI

1982)" According to Blaser et al (1983), it sesred thnt IgE was mcre

susceptible to anti-Id suppression than tte other isotlpes"

The theory of the inrnune network has ncn¡ been ocnsolidated after

L2 years ' extensive studies by many investigators. It is ncr¡¡

understood that the irrunune response can be rrþdula'ted throrryh idiotlpe-

anti-idiotype interactions, that anti-idiotlpe antibody can srppress

or enhance the humoral or cellul,ar response, and. that T cells are,

most likely, invohred in such anti-Id-induced suppression. Hc*vever,

several guestions are still open. Does thre i¡nnune netr¡¡ork e><ist

universally, is it applicable to all antigens in the animal/hr¡nan

systems? To whaL extent does the netrvork govern the i¡nnune systsn,

part of it, or all of it.? What is the mechanism of anti-Id
regulation? Is there only one nechanis¡n, or m)re? The inunune systøn

is so ccnplicated that one can hardly believe that a single theory can

describe all its fac-ets, añd that a single discipline can govern all
its actions. Most likely, we will never get a perfect picture of the

immune system just as r+e hnve not yet and will never get any perfect

picture about anything in the universe. Nevertheless, by c.ontinuous

exploration under the guidance of the existing th¡eories, and by
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constant modif ication of these theories, inch-lCing network, based on

the accumulated evidences, we rnight be abre to approach the truth
cl-oser and closer. As one effort of exploration, tlre possibility for
the existence of an immune network in house dust rnite, allergic

¡ntients will be e>camined i¡ the present study.

II" House Dust Allergry

Asthma, allergic rhinitis (hay fever), eczøna and urticaria are

clinical examples of one tlpe of innediate hlpersensitivity. These

alrergies are quite common, affecting about 10t of the ¡rcpuration
(Platts-lvlills , I982a). Threy are often referred to as atopic diseases

and it is generally acc-epted that they are nediated by IgE antibodies.

Serum IgE concentration is 3 to 7 logarittrnic orders lcnr¡er than that

of IgG. The biological activity of IgE stens frcrn its r:niqr:e property

to fix to tissue rnast c-ells and basophils" {.}pon contact with specific

allergens, chemical mediators, such as histamine are released frcrn

these cells, and induce clinicat rnanifestations. Irlany materials of
plant origin such as pollens, spores of nrculd, various kinds of vnods,

etc. , and of animal origin such as sore proteins of ¡nrasitic !Ðnns

(Ascaris) or grasshoppers (Locusta), skin scales of various anirnals,

etc. , can induce IgE antibody slmthesis in atcpic patients (Spieksrna

1969). House dust is one of the rnajor allergens, and it was re¡nrted

that in the United Kingdcrn, 5-l-08 of the population develop slznptons

due to dust allergy (Morrison-smith et al- 1969). rn addition to

rhinitis, patients with hor-rse dust atopy nrcst freqrrently suffer frcrn
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asthma (spieksma L967) " rn manv parts of the vnrld, ql to g5B of

patients rvith extrinsic asthma show positive skin -cests to dust

extracts (Kabasawa et al I976; Biliotti et a.]- 1972). House dust

allergy might also play a role i¡ atopic dermatitis (t"litchelt 1982;

Chaprnn et a1 1983).

The existence of alrergy to house dust was first suggested by

Kern (L92L) and subsequentry by cooke Ãgz2) and many others, vùro

showed the high frequenry of positive skin tests to house dust g}<tract

in allergic patients. House dust is a rnixture of rnany ccxn¡nunds, such

as human or ani¡nal danders, nourds, bacteria, mites, rubbish and rnany

inorganic materials " Voorhorst and his gror:p (1962) searched for a

major allergic factor in lnuse dust, and r¡arious c1]nponents of lgrse

dust were invest.igated. Human danders extract cr¡uld cause high

frequency of positive skin-reaction in dust alrergic patients.

Nevertheress, there was no quantitative or even qualitative
correlation between the sl<in reactivity to dander and to house dust.

Besides, the maximum dilution still giving positive reactions was

about 0"013, for both human dander and ircr.rse dust, v¡hile a major

allergen should be much more potent than house dust. Therefore,

dander could not be crcnsidered as a rnajor allergen i¡ dust. Varior:s

ubiquitous moulds, such as Penicillium, Aspergillus, Al-ternaria

and Streptomycetes, were al-so tested. Although sorne of thsn could

induce skin-reaction in certain ¡ntients, they were less potent than

house dust. Their seasonal rzariations \¡/ere not in accordance with
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that of house dust allerEyr so the moulds were also rulec out.

Voorhorst alsc examined several kinds of bacterial extracls,
especially from aerobic spore-forming bacteria" Scne of thern could

provoke positive skin-reactions, hrt these reactions cculd not be

passively transferred by neans of a Prausnitz-Kustner test, an¿ were

considered to have resulted from an irritative effect of the extract.

Extracts prepared from fties, irxrsquitoes, noths, qpiders and other

arthropods would seldomly or never give ¡rcsitive skin-reactions.

Therefore, all these ccmponenLs of dust. vere not the rnajor allergen

responsible for allergy to house dust. The extracts frcm three

species of mites, i.e., Acarus siro, Tyrophagus putrescentiae

and G1]¡cyphagus domesticus , however, could give strong

skin-reactions sometimes even at a concentration of 0.0001?. TÌæse

mites were certainly producers of strong arrergens. But their
presence was not correlated to the skin reaction to hor:se dust, so,

the results of studies by Voorhorst did. not really identify the rnajor

source of house dust allergen hrt d.id suggest, for the first. tirne,

that sorne species of mite rnight be responsible.

Many species of mite vçere found as inhabitanLs or invaders of the

house. Oboussier (1939 ) reported 4 species and Solcrnon (1961)

reported 12 species of mites in huinan inhabitated hrildings. Oshirrâ

(L964) reported the finding of rnites in the dust collected in Yokoha¡na

area, Japan. Of these mites, almost 90? appeared to belong to the

genus Dermatophagoides. In an índependent study by Voorhorst. and
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Spieksma (L964), it was also found that rnites occurred regularly in

the house dust and that the species of Dermatophagoides was mrrch

more represented than any of the other species found in house dust in

Leiden, The Netherlands. In a large scale study carried out in 4

cities of lr]estern Nett¡erlands in Sçtenber 1965 (Spieksrna L967), dust

was collected frcm l50 L¡cuses, æd the species of mites rære examined.

It was found that the mite Dermatophagoides was present irt du.st of

all the 150 houses" It r+as the nr¡st ab¡ndant species and accounted

for 69.98 of the toLal mites found in ttle dust saçIes. Ærong the

Dermatophaqoides counted, 87.68 were D. pteronvssinus, wttich was

present in 1008 of the houses, 11"2t was D. maynei, wtrich r.es

present in 53t of the houses, and I.2Z was D. farinae u'hich ras

present in 2Z of tlre lpr¡ses. To find out whether there was a causal

relation between the number of D. pteronyssinus and tLre allergen,

13 patients were tested with 4 house dust extracts crcntaining

different numbers of mite D. pteronyssinus. ÍLre results of the

skin tests showed a good ocrrelation between tte nr¡nber of rnites and

the strength of the extracts of the 4 dust sarples" In order to

establish absolutely the causal relationship between D.

pteronyssinus and lu:se dr-rst al-lergy, tlæ mites rrere i¡oculated into

a dust sample which showed a lov¡ allergic activity, and incubated

under a suitable ocndition. Three to four npnths later, the allergen

activity of tle dust increased I00 times along with a rising mmrber of

D. pteronyssinus, while the allergen activity of the same dust'
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incubaied under the same conditions but without inoculation

remained the safiÊ" Therefore, afLer mcre Lhan 40 years of

it was e.stabtished that at least in The Netherlands,

allergen of house drist 'was D. pteronyssinus.

of rnites,

research,

the rnajor

rt was soon reported by many authors that D. pteronyssinus

was the dominant mite species in house dust in nany parts of the

world, such as cadiz, strnin (cal-ero et al r97r), scotland (sesay et ar

L972 ) Strasbourg and A-lsace-Vosges region, France (Araujo-Fontaine et

al 1972tI973), Hawaii (Sharp et al 1970), South Africa (Ordi¡an L}TI)l

Nev¡ Delhi, India (Lal- et al 1973), Birmingham, Er:gland (Blythe et al_

L974), North Zambia (Buchanan et al L972)r.Switzerland (Mrnrcuoglu

L976) | uruguay (schuhl L977), Nigeria (Hun¡rcnuJWusu et al L}TB)l

u.s.s.R. (Dubinina et al- r97B) | rran (sepasgosarian et al rg7g),

Lisbon (pinhao et al_ 1977), Havana, cuba (Lcpez et al 1981), Brunei,

South East Asia (Woodcock et al L9B2) and the West Coast of the ilnited

states (Bullock et al L972). rn some pa.rts of the worrd, such as

Japan, other species such as Dermatophagoides farinae is the nost

aLundant species (Morita L975).

The place of Dermaphagoid.es pteronyssinus in the animal

kingdom is shown in Figure 2 (Spiel<srna 1969). The Acari, which is

comprised of rnite and ticks, forms an important division of the great

Arthropodan class Arachnida. The Arachnida also include such
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animals as scorpions' spiders and har-'¡esi:man. In 1897, Trouessart (in

Be rlese LB97 ) created the genus Mealia ivith two species : t"I.

pteron]¡s s ina and M. long í or . Baker and wharton (Lg52)

synonvmized the genus Meal-ia q¡ith the genus Þrmatophagoides" The

genlrs Dermatophagoides had long been included in the famiry
Epidermoptidae. Fain later transferred it to üæ psoroptidae.

D. pteronyssinus was redescribed by Fain .1966) frcrn paratypes in

the original preparations of Trouessart, the originar types being

Iost.

The life cycle of D. pteronyssinus includes the egg stage

which rasts 6 days, the larva stage which takes 5-6 days, the

protonymphal stage wLrich lasts 4-7 days, tritonlzmphal stage i.Èrich is
about 4-B d.ays, a resting form about 2 days and adurt, rnale and

female. The iotal immature life form frcrn larva to adult lasts L4-20

days " Adult rnales tive 60-80 days and fenrales 100-150 days (Spieksrna

L967). The illustrations of an adult rnale and female are given in

Figure 3 and 4 (after Fain 1966). The idiossna of the female is about

340 ¡.rm long and 230 ¡.rm wide. The nale is srnaller than the fernale,

the length being abcut 280 ¡-rm and the width about r90 um. under

laboratory culture conditions, 25oC and B0? humidity is optinral for

the grovrth of D. pteronvssinus (Spie1<snn 1967).

The rnajor allergen Pl of D. pteronyssinus was purified by

Chaprnan et al (1980a) from culture mites by the combination of gel
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Dcrmalopltagoídcs ptcronyssirlts (TroLrcss:rr(,
female (left) and male (righr) (afrer rrrx, 1966).



FIc. 4a

_ n') _

Dcrmarophagoides ptcronysslrrl.r (lrouessart, l g97); ventral view of
malc (after FÁrN, 1966).
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FIG. 4b Dermatophagoídcs ptcronyssinus (froucssart, 1897); vcntral vicw of
fcmalc (aftcr nn, 196ó).
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filtration, erectrophoresis and isoelectrofocusing. pl is a

glvcoprotein with mol "rvt. of 24,000 oartons. rt is cc.nprised of

multiple iscalrergens since its pr spreads frcrn pH 4.7 tÐ 7.L.

Radioallergosorbent test showed that rp to three-quarters of the IgE

antibody to D. pteronyssinus from a grolp of house dust allergic
patients was directed against pr, and that rgE antibody to pl

accounted for an average of 12? of the total serun rgE in a grorp of

D. pteronyssinus allergic individuals. Different crcrnponents of

mite culture vere studied for their Pl content by Tovey et al (1981).

Ït was found that whole mit.es, cuticles and mite faeces contained

antigen Pl, but eggs c-ontained rrery little. The ocncentration of pI

in faeces is as high as that of rnite bodies, a¡rproxirnately l0 mg pl

per ml, and a mite can produce an average of 20 faecar ¡nrticars ¡:er

dry, each of which is 10-40 þrm in diameter. According to the

calculations, after one nonth, faeces would- account for nu:re than 954

of the antigen Pt jx cultures. Therefore, it was concluded that nrite

faeces are a major source of lrcuse dust allergens.

one of the proposed treat.ments for house dust arlergy is dust

mit.e avoidance, and the resulLs are controversial. Platts'Mil]s et aI

(L9B2b,19B5b) and Murray et aI (1983) reported Lhat if very strenuous

efforts I'ere rnade tc clgan the bedrocxns, including rsnoval of carpets,

covering mattress and pillows with zippered vinyl bags and regrular

washing of bedding, the improvement of asthma s1'rnptcrns and pea-k

expiratory flow rate in astÌrrnatic patients allergic to house dust mite
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was observed" rn other studies by Burr et al (1980) and Bcn¿ler

(1985 )n the difference of improvernent beLr,v-een dust avoided and cr:ntrol
groups of astluatic patieni:s ua.s not significant. This discrepancy is
possibly due to insufficient cleaning neasures in the latter ¡-wo

studies. !ühatever the results are, the dust free treatment does not

seem to be very practical considering the fact that rnites are

ubiquitous and a year round trerendoi:s effort of cleaning is required.

Besides, Korsgaard (l-:982) c-onch:ded that if the relative hunidity in
the house remains above 503, rd'rich is the case in rnany ¡nrts of the

world', it is not possible to reduce mite nrmbers sufficiently to help

¡ntients.

Another disputable therapy for house dust arrergy is
desensitization. trr controlled trials, it has been denonstrated that
injections of extract of house dust mite culture can nodify the

symptoms caused by natural exposure to house dust mite arrergen
(Davies et al 1983; D'Souza et. al 1973¡ Gabriel et al L977; Mar¡nsel1

et al L97r; smith 1971; price et al l9B4; Delaunois et al- r9B5). rn
mosL trials, the differences between the placebo-treated and the

extract-treated groups were not very Iarge, the therapy was not

effective i¡ all the patients. A prolonged treaürent was needed, and

there was only sorne relief of the slzmptom b¿t no cure of the disease.

There are as wel-I many trials vùrere no sigrnificant improvement by

the desensitization therapy was observed (Gaddie et aL 1976; sniLh et

aI I97L, L972; kitish Thoratic Asscciation 1979). In the cases lvhere
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some benef iciar effect of cesensitization is observed, the nr:chanisrn

is still not understoci. Þsensitization therapy i.las initialry used

to treat hay fever. At that time, Næn (191r) thought he çras raising
immunity against polren t¡xin. This nechanism was of course r-uled ouL

when it was later known that atopy v,;as caused by heat labile reagin
(spivake et al 1925). subsequentry, it vms found that desensitizing
injections wourd give rise to heat-stabte antibodies which could
"bl-ock" the skin reactivity of an arrergen o<tract and wlrich r^¡ere

distinct from reagins (cooke 1935). Therefore, the generation of
"brocking antibody" appeared a likety o<pranation for the effect of
desensitization. A rough correl-ation bet¡¡een blccking antibody and

symptomatic improvement has been for:nd in scme cases (osler et al
1968 ) ' but generally the crcrrelation vúas poor (Nornian l9B0) and nrost

authors rernain unconvinced that there is a direct relationship between

serum blocking ant'ibody and slarpton improvenent. The increase of the

"blocking antibody" in the nasal secretion (rgG and rgA) after
allergen injections is lower than that in tìe serum, where,,blocking
antibody" a-re inainly rgG (Platts-Mills et aI Lg76). since only J_ocal

IgA or IgG antibody in the secretions can ccrnpete to bind air-borne
allergen in atopic asthma or rhinitis, it is not difficurt to
understand that high serum s,oecific IgG titre night not correlate with
improvement of slanptons. Moreover, IgE on the surface of ¡nast cells
or basophils has a great aclvantage to bind allergen because it is
close tc other rgE molecules on the cetl surface and is effectively
polyvalent, and the interaction of allergen with nrast cells or
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basophils is very rapid (i.e", less than one nLin) both in vitro and, in

the nose (ilastie L97L, Mygina 1979) " By contrast, direct studies on

the binding of allergens with excess antibodie.s fren serum or nasal

secreiions har¡a shot'vn that '.rith concentration of antigen bl-ow I ngÁù

which is possibly the range for house dust allergen (plattsrvills et

aI l-985) ' even 503 binding can take nore than 30 nin (Chapnan et al
1980b). A similar conclusion has been reached r:sing rabbit antibdy
to bind low concentrations of allergens in vitro (Schunncher et al

1979 ) . Therefore, there are good reasons for doubting thaì: any free

antibody in the secretions of respiratory tract could prevent or

"block" the allergen to reach the rnast cells or basophils.

The effect of desensitization on IgE production is, if there is

âÍly, srow and modest. rnitially, within the first two months, rgE

antibody levels often rise and then progressively fall after I or 2

years of treatrnent (Lichtenstein et at 1973). Hcnvever, Turner et al
(1984) reported that the absence of any consistent ¡nttern of change

of PI specific IgE antibody levels after one year desensitization with

D. pteronyssinus antigen. In either case, the clinical
improvernent is not correlaLed to the change of serum IgE antibody

level.

In several sLudies, a decrease in reactiviLy of Ìrasophils or rnast

cells has been observed during the desensitization. For exa"trple, 50?

histamine release requires a higher concentration of antigen;
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similariy the maxj*nLm percêJtage of hisi=nrine that can be releasec nralz

fall and the percentage of basophils reacting to anti-IgE decreases

(Sadan et al 1969; Kimura et al- 1985). Hc¡¡¿-ever, the relationship
bet'"veen clinical improvenrent and changes j-n sensitlviiy or reactiviiy
of basophils and rnast cells in irost cases has been poor or even absent

(Irons et aI L975; Norman 1980).

House dust mite allergy is an immunologicar disorder. As

reviewed abor¡e, rnrious treaLments have been tried. Dust. avoidance is
not very practical. The results of desensitization are not conclusive

and the mechanism rernains ohcure" Pharmacotogical treatment, vii-rich

is out of the scope of the present study and is not reviewed, cnn

reiieve sympt.oms but only transiently, not. to nention various side

effects. Recently' many evidences have indicated that at least for
some antigens, the immune response is subjected to idiotype-anti-

idiotype regulation. rt is therefore i¡teresting to investigate the

existence of idiotype-anti-idiotlpe interactions in house dust mite

arlergic individuars. This might ¡nssibly be Lhe first step of a

research program aiming to manipulate the network in order to

doi^mregulate the abnorrnar immune respcnse to house dust al_rergen.
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CHAPTM. II

PRODItrTION AND CHARACIERTZATION OF }4O\]OCLOI[AL ANIIBODTM

'IO TT{E MA]OR AI;LERGEN OF HOISE TIJST MITE



Àbbreviations

AchR

Auto-anti-Id

ËA

CÞl

CRT

tÀtA

FCS

(f¿uvl

HAT

IÐIVI

IPrc

HI

IgE

IgG

i.p.

LPS

Mab

MÆI

NMS

P1
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used in this Chapter:

acetylcholine recepior

auto-anti -idiotype a,nti body

bovine serum alh:min

count ¡:er rninute

crossreactive idiotope or idiotype

deoxyribonucleic acid

fetal calf serum

goat anti-nouse (Ig)

hlzpoxantin, anrinopterin, thlanidine

house dust rnite

high perfolïEmce liquid chrcrnatography

hypoxantin, th1'midine

irmnunogloh:Iin E

in'rnunoglobulin G

intraperitoneally

Iipo¡rclysaccharide

nx¡noclonal antibody

rÐuse anti-hrmran ( fg )

normal- tTÐuse serum

the rnajor allergen of house dust mite

pteronyssinus )

(D.
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P6 phcsphate h¡ffered saline

PC Irc-¡*rosphatidyl choline

PEE polyethylene glycol

RAM rabbit anti-nu¡use (Ig)

RIA radioinnnunoassay

ryn revolutions per minute

Rye I rye grass pollen antigen I
SAS saturated anmoniwn sulphate

SË-PAGE sodir¡n dodecryl sulphate pol1acrylamide gel

electrophoresis

TT tetanus to>roid
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Abstract

Mab were raised against antigen pl, the nrajor allergen of the

house dust mite (Dermatophagoides pteronyssinus). The l4abs rsere

PI specific, and the majority of them were of therrx isotype.

crossinhibition experiments, using Mab to inhibit the binding of
radiol-abeled Pl to }dab, suggested that 9 Mabs o¡u1d be grorped i¡to 4

families, with some degree of overrapping. rt was ¡nsturated that
each q>itope was composed of a "public region" wLrich was recognized by

all the Mab famiries and of a "private region" which was only

recognized by one family. Based on the crcncentrations of l4abs needed

to give 508 inhibition i¡ the crossinhibition assay, a linear and a

two-dimensional topography of epitopes on pl were proposed. Hunan

sera frcxn HDùI allergic i¡dividuals crculd i¡hibit cra'npletely (100?) the

binding of Mab to pl, and Mab cour-d inhibit partiarry (with
inhibitions ranging from 14-r00%) the binding of serum rgE to pt.

This suggested that a large portion of hunan rgE vras against the same

antigenic noiety as that recognized b1z lrfabs.
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IntrcCuction

The house dust mite (HDM) Dermatophagoides pteronlzssinus is
an important cause of lgE-nediated asthna, rhinitis (VoorhorsLLg6T¡

spiekmra 1969 ) , and possibry atopic dermatitis (Mitcherl r9B2¡ chapnan

1983) in many parts of tle r^¡crld. The allergen pI derived fron this
species has been purified fron extracts of mite culture, and. the rnain

source of antigen Pl in both inite cr:lture or house dust is nrite feces

(chapman et al r9B0). pl is a heat-labire glycoprotein wiih a
molecular weight of 24t000 daltons and e><hibit.ing a wide range of
isoelectric points. Allergen Pl appears to crnnprise a substantial

portion of the protein i¡ crude rnite extract (10 to 202) | and it lcas

estimated in one stucly that r-p to three*quarters of the fgp ant.ibodies

tc D. pteronyssinus from HDM allergic individuals were against pI

(chapman et ar 1980). Therefore, pl is considered as the najor

allergen in house dust. mite by most invesLigai:ors. Hc¡,vever, the

determinants on Pl have not been fully characterized ir: terms of their
immunogenicity and operational topography.

Natural exposure to HDM antigen reads to the production of

specific IgG and. IgE anlibodies in individuals with allergic slanptons

(Chapman et al 1978), and i¡ infants at risk of allergry (Roçørtree et

al f 9B5 ). Moreover, the ne.jor HDY antigen PI crruld stimul-ate the in

vitro proliferation of T cells fro¡ HDl{ allergic ¡ntients (Rawle et aI
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1984 ) ' rt' wrlt be interesting to know if idioiype-anti-id.iotlzpe
interactions pray a ror-e in the immune response to iÐM antigen" such

interactions have been roroven to exist in rnany animars as well as

human moders, which has been reviewed extensively in chapier r.
Moreover, auto-anii-rd has been dernonsLrated in several hr¡nan irx¡del_s

indicating the existence of such interactions. For o<ampIe, Abdou et
ar (19Bl ) found auto-ant.i-idiotypes (auto-ard) against anti_DtA
antibodies in the serum of ¡ntients with s}æt*.nic Lwus Erythanatosus.

Geha (r982 ) described auto-ard after tetanus toxoid immunization of
normar individuars; Dwyer et al (1g83) reported the o<istence in
myasthenia gravis sera of auto-ard, that were detected by neans of
mouse nonoclonal- antiHies to the acetylchol-ine receptor. Bose et al
(1984) dernonstrated auto-aId in rlze grass sensitive ¡ntients.

The landmark paper of Kohrer and Milstein l:tg75), describing the
production and characterization of the first sornatic cell hybrids
capable of indefinite production of antibody of predetermined

specificity against a certain antigen, heralded a new era in biorogy.
This technique has been appried to a wide variety of antigens and for
a wide variety of purposes ever since. one of the irnportant
applications of nonoclonal antibody (Mab) is to study the epitopes and

their topography on antigen rnorecures since Mab is assumed

monospecif ic and each clone onry binds to one specific qitope.
Monoclonal antibodies were prepared against hurnan grcrarth hornv¡ne

(rvanyi L9B2), hemagglutinin of infl-uenza virus (Gerhard et. aI tgBI),
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allergen of rye grass polren (s¡nart et aI r9B3 ), Reovirus grorp 3

hemagglutinin (Spriggs et a-l- 1983), and i-hre antigenic structures of
these morecules rvere defined by the Mab. rn the last case, the
topography of epitopes on group 3 Ìra-naggiutinin nolecule was also
described according to i:he resuit.s of crossinhibition bei-rveen

different clones of Mab. Monoclonal- antibodies to pI have been

produced and their specificity was fully characterized by Cha¡man et
aI (1984). BY neans of their }4ab, these authors være abl-e to identify
two distinct epitopes on p1, however, the topography study of the

determinants uas not carried out. Another possible application of Mab

is to examine the immune network theory and to identify anti-idiotlpe
antibody in human or anj¡nal. This apprcach will be feasible only if
interstrain or interspecies crossreactive idiotypes (CRr) exist in the

immune restrvonse to a cert¿in antigen. Several studies showed that CR.I

between species do exist in certain cases. Karol et ar f.lg77)

reported that the anti-huran sickle cell hsnoglobulin antibody frqn a

goat and frorn a sheep shared a G.I detected by a rabbit anti-idiotype
antibody. cRr was also detected in murine and hunan anti-phosphoryr

choline antibody (Riesen L979 i Bach et al rg8r), rabbit and hunan

anti-tetanus toxoid antibody (Hoffman et at 1985), murine and hunun

anti-timothy allergen antibody (I4al.1ey et al- I9B3a), murine and hunnn

anti-DNA auto-antibody (Morgen et aI 1985), and murine and hunran

anti-acetylcholine receptor (AChR) antibody (Dvryzer et al l9B3). In

the l-ast case, Mab against AChR was successfully enployed as a

probe to demonstrate and even to isolate hurnan auto-anti-idiotypic

antibody against anti-AChR antibody.
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In the present st.udyr wê have produced several nu:noclonal

antibodies specific to Pl and reacting with a contiguor:s region on the

Pr molecule. A rinear map was ocnstructed to depict the topography of

this region on Pl according to the crossinhibition between rmnoclonal

antibodies . Moreover, the Mabs prepared lvere found to react with

epitopes that were also identified by IgE anti-Pl frcrn several HDù{

allergic donors " These l{ab will be used as probes to detect

auto-anti-idiotypic antibody in hr¡nan serum.

Materials and Methods

Radioimmunoassay for the detection of mouse anti-Pl antibodies

(referred hereafter as RIA #1)

This assay was arployed in nucnitoring mcuse serum IgG response to

Pl and in screening IgG antibody to PI in culture supernat¡nts of

hybridorna. Since no mcuse antibody to PI was available at the time of

optimizing assay conditions, this assay was set 14> ac-cording to a

reference antibody and antigen system, i.e., monoclonal

mouse-anti-huran-IgE (itdAH-fgE, clone #89, prepared in this laboratory)

and human IgE (P.S.). One hundred pl per r,reell of different dilutions

of affinity-purified goat-anti-mouse IgG antibody (cAM-IgG;

Calbiochern, La Jolla, CA) in sodiun bicarbonate buffer (0.01M, pH 9.0)

\¡¡ere used to coat fl-exibl-e polyvinyl chloride microtitre plates

(Dynatech, Alexandria, \A) by overnight incubation at rocrn tenperature
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in a humid chamber" The solutions r¡¡ere then decanted and plates r,ere

blocked with 150 ¡tl/we11 Hankts solution qcntaining I0B fetal calf

serum (FCS, Gibco, Burlington, ON) at roqn tenperature for 2 hrs.

Plates \,rere washed I0 times with PBS with PHD cell harvester

(Cambridge Technology IDC., Canbnidge, MA) and air dried. Different

amounts of monoclonal IgG IttAH-IgE (clor¡e #89 ) uere diluted i¡ nornal

mouse serum (NMS) or Hank's solution æntaining I5t FCS, and added to

cAM-IgG coated plates at a rrch¡re of 100 prlwell. After overnight

incubation at roon terrperature in a hunid chamber, plates r¡¡ere washed

10 times with PBS, and I00 UI,/r^¡eIl of rad-ioiodinated hr¡nan IgE (about

150,000 cpm) in assay buf fer (PBS containing 0.5t îiveen 20, 0.1t

bovine serum a1b:mi¡l) was tlren added. Plates were again incubated in

a humid chamber at rocrn tenperature overnight, and washed with pes l0

times. Wells were cut individually and æunted in a Bec]<rnan gamnìa

8000 v-counter (Fullerton, CA) "

After the conditions were optimized, this assay \^ra-s used in

monitoring th¡e r¡cu,se antibody response after inrnunization with PI, and

in screening of hybridcnn for anti-P1 antidy production. Accrcrding

to the resul-ts of the reference system, 20 ¡-tg/nl C¿Ì',I-I9G was used to

coat plates, ând 150,000 cpn/100 prl radioiodinated PI i¡ assay h¡ffer

was employed instead of radioiodinated hunan IgE. Ten percent FCS was

added to assay buffer which was used to dilute l25r-nt throughout

assays except the first one, since it was for:nd later thnt FCS in

assay buffer could reduce background crcnsiderably in Pl and anti-Pl

assay systøn.
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Radioimmunoassay to demonstrate the specificity of anti-pl Mab

(referred hereafter as RT-A #2)

ft was a modif ication of RIA #1. The protocrcls and rnaterials

were basically the same as those in RIA #t, ercept for the last

incubation. Briefly, plates r'ere crcated with C¿¡l-IgG antibody and

blocked with [Iankrs solution crcntaining 108 FCS, and ttren washed with

PBS. Test samples (Mabs) were added to r^,eIls (150 ¡rt/ræIl), and

incubated cnzernight. The plates rære washed again with PBS. Fbr the

f inal incubation, instead of using I00 ¡-rI of l25r-pl per ræII, 20

prl of different inhibitors in PBS and B0 ¡rI of l25r-nt (about

150,000 cpm) in assay buffer containing I08 FCS rære added to each

weII. After overnight incubation at rocrn tenperature, plates rrere

washed again with PBS, and wells rrere cut and æunted. Pl frcm Dr. T.

Plattsdills (University of Virginia, Charlottesville, VI), Rye I frcm

Dr. D. Irfarsh (Johns Hopkins University, Pa]timore, MD), Lipopoly-

saccharide (LPS) of E. coli frcrn Fisher, L-o-¡*rosphatidyl choline

(PC) from Sigma, tetanus toxoid (TI) frcrn Connaught lab, and crude

house dust mite D. pteronyssinus extract batch #l frcrn Beecham

Pharmaceutical Co" and batch #3 frcrn Dr. H. I-cnoenstein (University of

Copenhagen, Denmark), were used as i¡hibitors. Thre background was

mean ryn of 4 læIls incubaLed with r:r¡related l,lab (anti-R1ze I #I8 ) , and

the percentage inhibition was calculated as follcx¿s:

Mean cpm of wefÌs with inhibitor - background
I inhibition =

Mean cpm of wefi-s without inhibitor - background
x 1009é
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Radioimmuncassay to dete44ine the subclasses of anti-pl Mab (referred

hereafter as RIA #3)

AIl the steps and iraterials were basically the sarne as in RIA #I
except' that different anti-rnor:se-IgG-subclass antibcdies were used to

coat plates. Briefly, goat-anti-mcr.:se (GA&I) yr chain or y3 chain

(Nordic rmmunorogy, Tilburg, The Netherrands), goat-anti-nrcuse 2a

chain or 12b chain (Me1oy, springfierd, \a.), or rabbit-anti-nouse
(RAM) tt chain or À chain (Litton Bionetics Iñc., Kensington, MD) were

used at 1:100 dilution in 0.0rùIcarbonate buffer, pH 9.0 to coat the

plat'es. After overnight incubation, plates were blocked with Hanl<'s

solution containing 10s FCS for 2 hrs. plates \.{ere vashed and

incubated with different npnoclonal antii:odies (0.5 ¡rg/ml in pBS, 100

¡ll/werl ), which were purified by two precipitations with 50å

saturaied ammoniurn sulphate (SÄS) follcx¿ed by IPLC DEAE ion o<change

chromatography. prates were washed again, and r25r-pt in assay

buffer containing 10u FCS \,vere added to vçetrs. After incubation,

plates vçere washed, and wells counted in a ganuna counter.

Radioimmunoassay to determine the epitope specificity (referred

hereafter as RIA #4 )

This assay was used jn studying famities of rn¡nocl-onal antibodies

to Pl and crossreactivity between l4ab to PI and hunan antibodies to

PI. It was also employed in test.ing the specificity of Mab.

Monoclonal antibodies purified, by HpLc DEAE ion exchange

chromatography were used to coat polyvinyl chloride
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microtitre plates (L2.5 try/rú in 0.0IM carbonate h:ffer, pH 9.0; at a

volume of 100 prl/well). After overnight incubation at room

temperature, plates uere blod<ed with Hankrs solution crcntaining I08

FCS for 2 hrs. Plates were then washed 10 tines i^rith PBS and air

dried" Twenty UI of different inhibitor in PBS and 80 ¡.rI of
I25r-nt (about 2 ng, in about I50r000 c4xn) r.ere added to each weII.

After another overnight incubation at rocm terperature in a hunid

chamber, plates were washed again with PBS I0 tinÞs, ând wells were

cut individually and counted in a ganflìa c'ounter. Th€ inhibitors

employed in ttese assalzs \¡ære: (1) Different clones of l,lab v¡trich r¡ære

partially purified by two 50S SAS precipitations' (2) Lipopoly-

saccharide (LPS) from E. coli, (3) Rye T, (4) L-a-phosphatidyl

choline, (5) crude house dust mite Q. pteronyssinus e><tract batch

#3, (6) hr¡nan myelcrna IgG ¡nrtially purified by 50& SAS precipitation,

and ( 7) pooled allergic hr¡nan sera of seven ¡ntients who r¡¡ere allergic

to house dust mi te and hrere positive in RAST test to D.

pteronyssinus.antigen (obtained frcrn Dr. R. Par¡e1s' C€nt' Belgiun).

Norma1 serum pool from 10 nonatopic donors, wlto had no allergic

history or symptoms and were negative in serum IgG antibody to Pl'

were employed as c.ontrols. The percentage inhibition was calculated

as fol-Icn¡s:

Mean cpm of wel-l-s with inhj-bitor - background
B inhibition =

Mean cpm of wells without inhibitor - background
x 1009ó
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ctivity between

hunan rgE anti-pl- antibocies (referred Lrereafter as RrA #5 )

This assav \iras a modifiec RrA #2. Briefly, ascitic fruid of ÞIab

clone #89 to human rgE was diluted 400 tunes in 0"01-M carbcnate

buffer, pH 9-0 and was enployed to crcat rnicrotitre plates at a rrclw=
of I00 vL/well. Plates r,ere blocked with Hank's c-ontaining I0g FCS

and washed. Hunan sera (fron Dr. pawels, Gent, eelgiun) frcrn patients
with allergic sympto.ns to house dust rnite and ¡rcsitive RAST test to
D- pteronyssinus or pooled sera frcm 10 nonatopic donors, viÌro had

no arlergic history or symptoms and were negative in serum anti_pr
r9G' v/ere diluted r0 times in pBS and incubated in plates (100

ptl/well) overnight at rcqn ls¡prsr.ature. plates were then washed with
PBS" Twenty ur of different Mab to p1 and.B0 ¡.r1 of 125r-nt (about

15 ,000 qn) in assay hrffer containing 108 FCS were added to r,çe1ls and

incubat.ed overnight. prates rvere washed v¡ith pBS again, cut, and

finally counted. The percent-age inhibition was calculated as fol-Iows:

? i¡hibition =
Mean cpm of wefÌs with inhibitor - background

x 1009¿
Mean cpm of, well-s without inhibitor _ background

Radioiodination of Antigen or Antibody

A modified chloramine t method (Johnstone et at I9B2) was

employed to radioiodinate antigen or antii:ody. Ten ¡rg - 100 ug

antigen or anbibody in r00 t,rl, 0.05I"1 phosphate hrffer (pB), pH 7.5,

was mixed with 10 ur il- mci ) of sodium iodine {N- 125r, 
Anersrram,

u.K. ). Tv¿enty-five ¡rr of chloramine T (sigrrna, st. touis, Mo¡ 2.4
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mg/mL in 0-05i'1, pH 7"5 PB) were added and mixeC vigoro¡sly for 45 sec"

The iodination ü/as stopped by adding r00 ¡-rr of Narsro, (sigma,

st. Louis, Mo; 4 mg/il1L in 0"05rr{, pF{ 7"5 pB) and 200 ¡_rr of I{r (sigrna,

st- Louis, l4o; r0 mglnl. in 0"0514, pH 7.5 pB). Labelec rnateriar_s,were

diluted into 2 ml- of assay h-rffer containing 10% bovine serurn atbunin
(BSA, sigma, st. Louis, Mo) and dialyzed at 4oc against pBS in
dialyzing tubing (Spectrum Medical rndustries, t,os Angeles, CA) with
cut-off point of 10,000 dartons. After three changes of dialyzing
buffer, the labeled antibody or antigen was stored at 4oc.

Inrrnunization of Mice

Two female , 2-4 weeks old, Bal-b/c rnice were inrnunized with pl_.

For immunization, each mouse received a subcutaneo¡s injection of 5

l-iE Pl in 50 ¡.rl PBS emulsified with 50 ¡.rI crxnplete Frer:nd's adjuvant
(Difco. Detroit, Mr). There vES a 4 v¡eek interval between the first.
immunization and the second., and a 2 week interval between the second

and the third. Six weel<s after the third immunization, a final boost

of r0 ug Pr in 300 ¡,ri pBS \,,zithout adjuvant was administered
intraperitoneally, and the fusion was conducted 3 days after the

boost. The mice were bled l0 days after the second and third
immunization and at the day of sacrifice. The blood was collected

into tubes containing 500 ¡-rr pBS and I drop of heparin (Gibco,

Burlington, ù\). After centrifugation, the supernatants were assayed

for anti-Pl--antibod]r with .RIA #1.
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Mouse lnyeloma cells NS-l , frcrn ealb/c rnice, {¡Ëre useC as fusicn
partners. vial s containing NS-l cells v;ere t-al<an out frcrn a liquid
nitrogen tank, and imnrediately subirerged i-nto 37oc'"¡ater beth. After
the cells '¡ere thawed, cell suspension r€.s t¡ansferred to a 15 ml tube

in sterile oondition under a Laminar læod (Nuaire rnc., pllnnouth, MA).

Five ml complete medium, wtrich \,,as ccxnposed of B3z R4pr 1640 (Flow

Laboratories, Mclean, \zA), 15% heat inactivated Fcs (Ftow

Laboratories ) , Lz penicillin-streptcrnycin solution (penicillin -
10,000 UÁ\L, stre.otomycin - 10,000 rcg/nl; Gibco Laboratories, Chagrin

Fa11s, OH), and IB L-glutamine scluLion (2g.2 mg/mL; Gibco
Laboratories, Chagrin Fall-s, OH), were added to the tube and nrixe<l.

cells \.vere spun down by centrifugation at 1500 rpm for 5 rnin,

supernatant was aspirated and cell-s were washed. once rcre. CelI
pellet $as resuspend.ed in I ml c'crnplete nedii:m, and ceII crcncentration

and viability \,üere exa,nined by trypan blue exclusion (Mishell et al_

1980 ) . Brief 1y, 50 ¡-rr celr suspension was rnixed with 450 ¡rr of
0-0f % trypan blue in pes, and cells vÞre counted in a hanorytqneter.

Viability vas cal-culated as follcn¿s:

Number of totaf cell-s - number of stained cel_l-sViability = x 100ró
Number o l' total ce-ll-s
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cerl d.ensity was adjusted tc 0.5 x l-06 viable cells/m_l_o and th=

cells \¡/-ere curtured in 24 r./ell fl-at bottom culiure plate
(Becton-Dickrnson, oxnard, cA) at a vol-ume of l mi/vue1l i_n an

incubator (Forma scientific, Marietta, oH) at 37"c in a hunidified
atmosphere containing 58 cOr. The cerl curture was sprit every 2-3

days depending on the rat.e of growth of celrs, and. was rater
transferred to 25 .*2 and finalry 7s "^2 tissue curture ftask
(Becton-Dickinson, oxnard, cA) rvhich could hord l0 mI and 50 ml

mediun, respectively.

Preparation of Reagents for Fusion

(1) Litt.lef ield's HAT medium (HAT, hypoxantin, aninopterin and

thlanidine; Littlefield 1964) "

H' A and T were all purchased fron signa (st. r,ouis, M));272.7
mg of hypoxant.in and 76"5 mg of thlanidine were dissolved jx 200 mf

doubl-e distirred water, pH raas adjusted to 8.1-8.5 with NaoH; and 3"82

mg of aminopterin was dissolved in 200 mr doubre distil_red r,a.ter.

These were 100 times concentrated HT and A stock solutions. ril\T

medium was prepared by adding L/L}O IiI and LA00 A stock solution to

the complete medium, and til nedium vrås prepared by adding r/r00 Hr

stock solution to the c-onplete ned.iun.

(2) Polvethvlene gl-ycol solution (pEG, nol-.wb. 1540, fro.n signa,

St, Louis, MO).



-65-

PEG was preweighted, then n¡elted in the autoclar¡e for 20 min, and

dissolved in an appropriate aru¡unt of RMPI 1640 nedir¡n c.ontaining 15t

D&ISO (Fisher, ì&f) to make a 50t solution (ræight/irch¡re).

Preparation of Feeder Cells for Fusion or Limiting Dilution

Feeder cells v¡ere prepared 1-3 days before the fusion or the

limiting dilution" lüor:ra'l ø1b/c fenrale rnice r,rere sacrificed by neck

dislocation, and splenectcrny was carried out. Spleens rære put in a

petri dish containing I0 ml complete nedir¡n and r¡¡ere teased with

needles. Spleen cells v¡ere sqræzed out of capsules and dispersed by

repeated passing of the cell suspension through a gauge 22 needle.

The ceIl suspension was then ¡nssed through a fine stainless steel

mesh, and let to stand in a 15 ml sterile tissue culture tube for 10

min to sediment tissue clr-urps. It¡e supernatant was transferred to

another 15 ml tube, ttre viable wtrite cells $¡ere counted by tr14nn blue

exclusion, and cell density was adjusted to I x 106 viabte cetls/nù

with HAT medium for fusion on IIT nedir¡n for limiting dilution. The

celI suspension v¡as distributed fß 24 weII or 96 ræ11 Falcr¡n flat
bottom tissue culture plates (Beston-Dickinson, O<nard, CA) at the

volume of l ml/r"¡ell or 0.1 ml,/well, respectirzely. The forner was used

for fusion, whil-e the latter for limiting dilution. Cells rære then

incubated in the incubator at 37"C in a humidified atnrosphere

qcntaininø 5t COr"
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ir-IC 
- 

'l 
^^-l Ir\Ð--L ue| s 1^;3re ccuni:ed by trypan blue er<clusion and spun dovn-r blz

centrifugation at 4009 for 5 nrin. The supernaL.ant .¡as decanted, fte
pel1et was resuspended in complete medium, arid ceil density was

adjusted Lo 5 x 106 viable cells/ml ,i 23 x 106 cells w-ere then

aliquoted to each 15 ml tube, and tubes were gently rotated at rcorn

temperature until pl primed spleen cel-ts vere ready for fusion.

Pl- immunized mouse +2 was sacrificed and spreen cells were

prepared basically by the same way as described for the preparation of
feeder cells- After the c-etl suspension was sedjmented for 10 rnin to
remove clurrps of tissue, the supernatant was centrifuged at 3509 for 5

min to bring down large tymphocytes, and the supernat.ant vas

centrifuged again at 4009 for 5 ¡nin to bring down snnrl llanphocytes.

Pellets from both centrifugations were mixed and resuspended in 5 mt

of complete medium. viabl-e celrs r¡/ere counted by trypan blue

excl-usion" About r00 x 106 viable cerls i,,ere inixed with 25 x 106

NS-l cells. The mixture was centrif uged at 37oE for 5 rnin and

supernatant was decanted. TV¡c mr of prewarmed (37"c) 50 å wtÁ,¡cl pEG

in complete medium con'taining 15S DilllSO was added to the pellet, and

was mixed genbry with a pipette for 30 sec. The celr suspension was

arlowed to stand stirr for another 30 sec, and 5 mr of warm (37.c)

complete medium was add.ed dro¡Nvise over a period of 90 sec while the

tube was flicked gently. Another 5 mI oenplete nedium \^ias poured j_nto

the tube, and t.he tube was al-lowed to stand for 150 sec. celrs were
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spun down at 3709 for 5 rnin" The supernat¡nt was discarded and the

pellet was gently resuspended in 5 mI of tAT nedir¡n. Fifty ¡rI of

cel1 suspension v/as added to eaclr ræ1I of 24 weII culture plates in

which each weII contained I x 106 feeder cells in t ml IIAT redir¡n.

The cells $¡ere then cultured i¡ the incubator at 37oC i¡ a hr¡nidified

atmosphere containing 58 COr" The day of fr¡.sion was referred to as

day 0. HaJ.f mf of H\T redir¡n was added to each rtell on day 5, and 0.5

mI of medium in each v¡eII was replaced by fresh tAT nedir¡n on day 8.

On day 10, another 0.5 mI rediun pelaell was replaced and the culture

supernatants rtere saved for the prinary screening a.ssa}¡s. FTcrn day 10

oD, ceIl cultures v¡ere fed on split accrcrding to grorrbh of cells in
each individual r+ell. The second screening assay was carried out on

day 14, and HI redir:m r+as used instead of tßT nedir¡n to feed ttre cells

thereafter. Thirty-bøo prfunary cr.rltures rære chosen as candidates for

Iimit.ing dilution according to the results frcrn screening oss¿ys.

They were directly used for limiting dilution, or frozen and preserved

at -70oc.

Freezing and Conservation of Cells at -70"C in Liquid Nitrogen

T\¿o to eight million cells rrere centifuged dcr.¡n in 15 ml conical

centrifuge tube (Becton-Dickinson, O:<nard, G) and the supernatants

were discarded. The pellets \¡¡ere suspended in l mI of FCS containing

l5t D¡,ISO. The cell suspension was transferred to a Nunc freezing vial

(Gibco, Burlington, ON) or a glass freezing vial (Wheaton

Laboratories, l,lillvitle, NJ). Vials r,tere sealed with caps for plastic
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ones or b1- burner iot glass ones. To store at _70"C, vials vere

placed into the freezer j¡nnediately, and io store in liquid nitroEen,

viars -vrere first placed in the gas phase of liquid nitrcgen tank for 2

hrs and then subrerged into the liquid phase.

Limiting Dilution

Viability of hybridona cells directly fron prirnary wells or frcm

2-3 day culture of cells retrieved frcrn -70"C storage uâs determined

by trypan blue exclusion. CeII density vas adjusted to I0 viable
cells/ml with HT medir¡n" Fífty pr1 of cell suspension was dispensed

into each well- of 96 vçell flat bottcrn crrlture plates i¡ v¡tlich feeder

cells \¡vere praced on the previous day. Thr:s, theoretically,each welr

woul-d oontain 0.5 hybridorna cell For each prirnary culture, limiting
dilution was carried out in 192 wells (2 plates). CeIIs were then

cul-tured in the incubator at 37"c in a humidified atmosphere

containing 5Z C0Z" The day of li-miting dilution was designated as

day 0. Cultures were exa-ínined on day 7 wrder an inverted. rnicroscope,

and wells c''ontaining one colony of cel-Is per vell were rnarked and fed

with 50 ¡-rr HT medium per well, whire verls having no colony were

ignored thereafter; r20 ¡.rl medium per werl was repraced by fresh Iil
medium on day 10, and the replaced supernatants \rere sa\¡ed for the

first -screening assay. cultures were fed or split depending on the

growth of cells and complete mediim was used instead of Iil nedium

af ter day l0; 250 ¡-rL/clone of supernatants were taken frcnn Lhe

cul-tures on day 13 for the secondary screening. Six positive cl-ones
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per .orlinary cultr]re were chosen according to screening assay and

expanded into f lasks, u/ni1e other clones .were discarded. A part of

tire cells of these selected clones l,,ere frczen and kept in liquid
nitrogen when enough cells \4/ere obtained. Three out of these six

clones per primary culture were further ex¡randed and later injected

into the ,oeritoneal cavity of Balb/c mice.

Preparation of Ascitic Fruid containing Monoclonal Antibcdies

Two to four week old Balb/c fenale nice (University of l4anitoba

Animar Breeding cenLer) were injected i.p. with 0.5 mt prist-ane (2,6,

10, 14 tetramethyrpentadecane, sigrna, st. r.ouis, t4c) 3-5 weeks prior

to the injection of hybridsna cell lines. Four rniltion hybrid cells

in 0 .5 ml- comprete medium were in jected i".p" into each nouse, and

ascit.es weretapped twice with a 20 gauge needle between day 9 to day

13"

Purification of Moncclonal- Antibcdies fron Ascitic Fl-uid

One volume of ascites 'rras diluted with I volune of PBS and

precipitated dropwise over a period of 4 hr with 2 r¡olunes of

saLurated arftnonium sulphate, the pH of wtrich had been adjusted to 7.5

by am.Inonium hlzdroxide. The final mixture vras cenLrii-'uged at I0,000

rpm for 20 nrin at. roon t^.rnperature i¡ Sorvall cen'irifuge (Ivan Sorvall

Inc., Norv¡alk, O). The supernatants were discarded and the pellets

ürere redissolved in I volurre of PBS. The solution was precipitated

once more in tire same -r,¡ay" After centrifugation, the precipitates
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v¡ere dissohæd i¡ about t0 mI PBS, and dialyzed in Spectrapor dialysis

tubing (spectrum }fedicar rndustries rnc., ros Angeles, cA) against

doubl-e dist.illed water" After 3 changes of r¡¡ater w"ith intenral of

about 6-12 hrs each, the euglohrlin which precipitated out dr:ring

diarysis was removed by centrifugation at 9009 for 10 min, and

proteins in solution r,¡ere freeze dried i¡ Virtis Llncphilizer (Virbis

Carqnny, C;ardiner, lfll) .

A portion of those freeze dried hybridorna proteins of each clone

v¡as further prrified on DEAE ion ercirange coh-unn (Ultra¡nc DEAE SK545,

7.5 x 150 rm, LKB, Brcnma, Sq¡eden) by HPrc ap¡nratr-rs. The regenerated

column was equilibrated in 0.05M Tris-tCl, pH 8.0 designated as br:ffer

A; 15-20 mg sample protein was dissolved i-n 0"2 ml b¡ffer A and

injected into the column at time 0. The gradient was e:<pressed in

percentage h:ffer B wtrich was lM NaCI in hrffer A, and the turn ¡nints
of the gradient r+ere given in the follcnring tabIe.

Time(minute) 8B

0-7

22

24

27

32

40

0

50

100

t00

0

0



-7r-

The frow rate was I ml/min, chart speed 2mm/min, waverength of

spectraphotometer 280 nm, range of opticar density rurnitored o-2.0,

and each fraction r,sas I mI.

The activity of fractions v¡ere tested by Rie #1, and the purity

was examined in 108 SE-PA@. Tlæ appropriate fractions r,lere pooted

and dialysed against double distilted r¡ater in Spectra¡nr oellulose

diarysis tubing with morecurar weight cut-off of 12,000-14,000

daltons. Itre protein qcntent of dialysed solution !üas neasured by the

Lowry test (Lowry 1951). Antibodies thr:s prrified were the¡ freeze

dried with Virtis Llrcrpholizer.

SDS Polyacrylamide C,eI Electroptpresis (SE-pAGE)

Ten percent SDS-PAGE was carried out to o<amine the relative

purity of l"fab fractions frcm HPI,C ion e:rctrange coh:nm. The detailed

irethod is described in Ctnpter fV.

Resu].ts

Concentration of C,AIvl-IqG for coatinq the solid-phase in RIA #1

The concentration of GAM-IgG for coating was ècided i¡ a

reference system, i.e., hr:rnan IgE and rcuse nucnoclonat IgG against
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human rgE (GAH-rgE). Fcur differenL. dilut.ions of Gl4-r9G r,nere used t¡
coat plates, while GA".I-IgE ascitas w-ere at fixed concentration of 4

¡-rl/ni} in Hank's solution *d. l25r-rgE 
was at fixed concentration of

about 150,000 cpm/100 prr" The result is gÍven in Figure l. At 20

vg/mr of ctu\4-rgc' the 125r-agu bound was ciose to the p'ìateau of
the dilution curve in full logarithmic scaIe, and high sigmals vzere

obLained - Theref ore, this concentration of GArlt-IgG was chosen for
coating the wells in all the suhsequent assays.

Sensitivitv of RIA #1

The sensitivity of RIA #l_ was tested v¡ith IgE and anti_IgE, and

served as a rough estimation for that of the anti-pt antibody assay.

Different anounts of I"IAH-fgE were added to Hank's crcntaining l5B FCS,

or to normal mouse serum, whire the concentration of cÀM-rgG for
coating was fixecl at 20 vg/mr, and the concentration of l25r-rgn

was fixed at 150,000 cpnz100 91. The resurts are given in Figure 2.

fn both Hank's containing 15% FCS, or in normai tnouse serum, specific
mouse antibody at. the concentration of 78 ng/nl oould be detecteo by

RIA #1 in IgE and anti-rgE system. The background was 437 c¡xn v,,hich

was determined by adding no IdAi{-IgE in Hank's.

Antibody Titre of Sera from pl Inununized Mice

To minimize stress, mice were bled orrly after the 2nd

immun izaLion, and on iire day of sacrifice. Antibcdy titre to

and 3rd

PI was
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assaved by RIÀ #1. Sanples rv-ere in duplicate" The bacì<ground of the

assay r¡/as determined by using sertrrn frqn noninünr¡rized B;_Lb/c rnice.

The assay was arbitrarily cr:nsidered as positive if the c¡xn were b,,¡ice

the bacJcground. Both mouse #l æd #z gave a positive response at
titres of L:10240 and l:40960, respectively, after the second

immunization. The serum titre from the bleeding after the third
immunization and at the time of sacrifice was tested in the saflìe assay

as illustrated in Figmre 3. l4ouse #2 gave a better respcnse, with a

titer of I:102,400 after the third jnrmunization and 1:6400 on the day

of sacrifice. The decline vas expected due to the 6 week j¡terval

bet'ween t.he third immunization and the sacrifice. Spleen cells of

mcuse #2 uere used for fusion"

Screening of Primary Cultr:re of Fusion

spleen cells from mouse #2 \^/ere fr:ssc with NS-I celrs. This

fusion was numbered as 237"32 according to the series record of this
laboratory. The ruells of primary cultures of the fr:sion were numberaC

as shorvn in the first c.olumn of Table l. The alphabet furdicated the

position of the row of a 24 well plate; the arabic nu¡nber r,ças the

number of the tissue culture plate, and the last digit was the number

of the colurnn of the prate" For exa,nole trÀl .2rt ¡reant this we]l- was on

plate #I, roni A, and colu¡nn 2. The first screening rcas carried out on

day -10 by RIA #I" Samples were tested in single due to ]imited
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l:400 1:1600 1:6400 1:25600 t:1OZ4OO
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qrlantiiy of supernatants available. The background of the assay vJas

determined by measuring the nean cpm of 6 well-s incubated with I1AT

medium. The ¡nsitivity l-imii was arbitrarillz seL at 462 cpt v¡hich -'was

twice the background. Al-L 96 primary wells were,oositive ranging frcrn

5L2 cpm to 28,236 c¡xn. The wells giving less tha_n 6000 cpn were aII

discarded except C2"2, B3.5 and C4.2. The 2I wells of culture thr:s

selected were assayed a second time on day 14 by RIA #2 r:sing l0

Vg/mL crude HDM antigen i:atch #1 as an inhibitor. For the control,

PBS was added in place of inhibitor. Binding of ant.ibody to Pl frcrn

all 2L wells could be r'æll inhibited by 200 ng of crude HDill antigen"

Fifteen primary wells, which gave above 6000 qEn in the absence of

inhibitors in the second assay, were chosen as candidates for limiting

dilution, and were expanded and frozen to. -70oC vrihen enough cells

were available. Twelve supernatants frorn day 14 of culture v¡ere

further tested in a third assay to exa,nine the crossreactivity of the

hybrid antibody to Rye I antigen. RIA #2 was enployed, and 10 Vg/ní

Rye I in PBS was used as an inhibitor. In al-l 12 supernatants the
l-25_binding to *-"I-Pl could not be blocked by 200 ng of Rye I.

Limiting dilution was carried out on 9 prilrary cultures (M..3,

82"l- | C2.2t C2.4, 83.5, C3.6, C4.I, C4.2 a:^¡d C4.3 = iIY3) rdnich are

marked with tr*rr in Table I. Clones were selected according to their

binding activity to labeled Pl and the inhibition by FD[a antigen.
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Results of l-imiting nilution

Limitíng dilutions t^/ere carried ou-u on 9 priinary culiures (A2"3,

82.1, c2"2, c2"4,83.5, c3"5, c4.r, c4.2 and, Ir¿3). For each primary

culuure, two 96 well plates were ønpioyed, arid wells were nu¡nbered

from 1-L92. The final nomenclature of a clone was i1h:strated as

follows:

c4.L/ L02

(r) (2)

the number of primary culture.

Lhe clone number after limiting dilulion.

Among L72B wel1s of IB plates, 404 wells had hybridoma cells
growing, and of these 404 wells , 274 were clearly rnonoclonal as shoiør

by examinaLion under a microscope at day 7 after limiting dilution.
supernatants from those 274 clones were assayed for anti-pl rgG

antibody by RIA #I at day 10. One hr:ndred and thirteen clones were

pos it ive (Table 2) . These cl-ones rdere expanded, and their
supernatants were assayed at day 13 by RrA #z to eramine the

specificity of Mab and the crossreactivity with human antibody to pI.

Twenty ¡.rt of crude HDill antigen, batch #l (10 ¡.rg,4rù) and 1:I0 diluted

human serum pool from 7 patients a-l-lergic to HDY antigen were enployed

as inhibitors. The inhibition ranged from 23-89% and 27-83s",

respectively. AIl the assays v¡ere carried out with a single

det.ermination due to rimited supply of supernatants. T\uenty-seven

clones (marked with rt*rt in Tabre 2) were chosen to be ex¡nnded and

(1) is

(2) is
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frozen in liquio niircgen on the basis of the following criteria: (t)
high binoing to r25r-nr-, ot (2) good inhibition by HD{ antigen or

allergic serum, ano (3) gocd proliferation. T,¡elve (marked with "#")
from these 27 cl-ones were further expanded and later injected into the

peritonear cavity of femaie hLb/c nrice to raise ascitic fluid.

Ascitic fluid was precipitated twice with 50% saturated anrnoniurn

sulphate, and then fractionated by i{pLC ion e<change. The sample

vorume was I ml containing 20-40 mg of protein. The chronatography

profiles of alr clones rúere very similar, and. that of clone c4.r/Lo2

is illustrated in Figure 4. The anti-pl activity of different
fractions was tested with RIA #I, and was detected frcnn fraction 17 to

40 (data not shown). The f.ractions \,ùere also anal_ysed on 103

SDS-polyacrylamide gel electrophoresis (Sm-pAæ) r:nder reduced

conditions. The resul-ts obtained with cl-one C4.L/IO2 are shown in

Figure 5. The protein bands started to appear frcrn fraction 17, and

the r chain and L chain v;ere rnainly located frcrn fraction 17-20. In
these fractions the major bands were y chain and L chain although

some traces of impurity were also present.. Since the monoclonal

antibodies raised were of IgG class, the fractions 17 to 20 rrr=re

pooled, and used for ocating or radioiodination.
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Figure 5: I08 SDS-PAGE analysis of ascitic fluid
Mab C4.L/L02 fractionated by ion o<change
I¿ne I nol.wL. standard.
Lane 2 rouse IgG.
Lane 3 nouse IgA
Iane 4 uouse IgM
Ianes 5-tI fractions 17-23.
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Ion exchange
Mab C4.VL02
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Figure 4: chrorntography of ascitic protein conLaining
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Alr monoclonal antibodies thu,s raised r,ere rgG, sincre goat-anti-
mouse-IgG antibodies r.ære erployed in the screening procedure. The

subclass of each clone was determined by RIA #3. cÐat or rabbit
anti-mouse IgG subclass antibodies rære used to æat plates, on which

the HPLC purified Mab were then incubated, a,ìd r25r-pr were added

for the last incubation. The resurts are given i¡ Table 3. The

background was calculated as the nean qrn of 4 wells i¡cubated with
normal ÈLb/c serun. Cgn double the backgror,:nd was arbitrarily set as

the threshold of positivity. ArL the crones tested rrere ylx eccept

B2-I/35 wt¡ich rtas 12bx. Since there was no positive crcntrol available

for r2a, 13 and tr, 5 clones rc4.v96, c4.L/L02, c4.L/40, A2.3/79 and

A2-3/L9I) were further tested in immunodiffr:.sion wtrere the sane

anti-subclass antibodies were used. The aim was to confirm the

results frcm RTÀ #3, and to provide evidenc.e that the antitrul-rse sera

employed were active. The results v¡ere in accrcrdance ruith those frcrn

RIA #3 (Figure 6 ) . All 5 clones tested forned precipitation bands

$/ith anti-.rr antibodies but not with other anti-rgG subclass

antibodies. As positive controls, al-l anti-IgG subclass antibodies

formed precipitation lines w-ith norrnal n¡cr:se serLtrn, i¡dicating that

the antisera were active. Arl five preparations of t"fab were

precipitated by both anti-À and anti-¡{ antisera, suggesting that they

were still contaminated with sone antibodies frcrn host Bai'b/c mice,

and that both anti-Iight chain antisera rr¡ere active.
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Figure 6: Oulchterlony
I^IelI I
WeIt 2
!{ell 3
!{ell 4
WelI 5
I^lell 6
WelI a
WeIl b
Well c
WeII d
WeII e
I,\blt f

assay for the isotype tlping of
goat-anti-npuse y1
goat-anti-nr:r¡se y2a
goat-anti-nouse r2b
goat-anti-mcuse yJ
rabbit-anti-rnouse ¡,

rabbit-anti-npuse x
þlE.b c4.v96
Mab c4.L/L02
Mâb C4.l/40
M;-b M..3/79
I"lab 42.3/I9L
Norrnal- PnJ-b/c Ítcuse serum

Mab.

contrd.....
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assay for the isotlpe
goat-anti-nouse y1
goat-anti-rÐuse y2a
goat-anti-npuse r2b
goat-anti{t3use yJ
rabbit-anti-nouse À

rabbit-anti-nouse x

typing of l4ab.

-ìrS{{:':lw

Ð

*r..4 ,:'

¡EI!t
..''..

id,'
Figure 6:

I'[ãtl C4.I/96
Mab c4.L/L02
Mab c4.L/40
Mab A2.3/79
Mab 42.3/I9L
Nor¡nal Balb/c mouse serum



Optimization of the rot.al cpm of 125t-pl to be Addeo in RrA #2

and RIA #4

To ensure the sensiiivity of RIA #2 and RIA #4,,wìrich were

designed for iniribition assays, .the amourit of r25r-pf 
added shourd

be such that the final r25r-pt bound in absence of inhibitor is
below the plateau of the naximurn binding. Different concentrations of
125r-n1 were tested in both assay systøns and results are shcwn in

Tables 4 and 5; two representative sets of data frcrn Table 4 and 5 are

illustrated in Figure 7. rn both assays and with all the clones

investigated, when up to about 200,000 cpn of total- 125r-n1 
v¡a"

added, the bindings tve.re still on the ascending parts of dilution
curves. so, about 1501000 cpm per B0 ¡-rl or 125r-pr, were applied

to each l,æIl throughout tire RIA #2 and RtA #4 assays.

Specificity of Monoclonal Antibodies Against pl

Different antigens were used to inhibit the binding of nr:noclonal

antibodies to 125r-nt jx RIA #2, where Mabs are bound to prates via

GAIvI-fgG' and in RIA #4, v¡here l4abs are directly bor:nd to Lhe plates.

Five clones (c4.r/96, c4.L/r02, c4"L/60, Ð..3/79 and A2.3/L9L) were

tested in RrA #2. crude HDM antigen, Rye r, tetanus toxoiri (Tr),

Lipopolysaccìraride (LPS), L-o-phosphatidyl choline (PC) and Pl were

used as inhibitors. The results are sho-wn in Tables 6 and 7. At a

f inal concentrat.ion of 0.2 lLg/firr, crude HD'I antigen caused 87-942

inhibition, r,"'hile Rye r, r,PS, or trc r:sed at the saíne concentration, or

tetanus toxid (1:1000 dituted), caused only 0-16? inhibition. The
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Table 4. Tiiration of 125r-pt in RiA #2

Tbtar 125r-nt 
Added (.Fn)u

rYab Incubated
on @\Y-fgG
Coated Plates 200,000 100,000 50,000 25,000

r25r-pt Bound (cprn)

c4 "L/96

c4.L/L02

c4.r/40

A2"3/79

M..3/r9r

10,081

12 t365

9,378

L4,733

15 , 83B

4,895

5 ,859

5,428

B,TB2

6 ,395

2,495

3,555

3,368

3 ,449

3,081

L,427

2,367

L,497

2,099

2,330

Normal Mouse Serum L,575 1,148 498340

a_Approxrmate values with

Background vas the nean
mouse serLrn"

Samples rvere tested in

t 108 variation.

c,orn of 4 vel_ls incubated with normal Balb/c

duplicate"
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specificity was arso demonstraLed by the fact ,chat col_d pl, at finar
concentration of 20 ng/ral, gave 79-93? inhibition, indicating tÌrat rr4ab

could bino naL.ural determinants on Pl but not new determinants

resulting frcrn the radioiodination"

Nine clones including those 5 tested in RIA #2 v¡ere tested with
RrA #4; 0.2 Pg/n[ crude Ftr]4 antigen could inhibit 78-1002 binding of

Mab to 125r-nt, whire :llr at 1:1000 ditution, R)re r, Lps and pc ip to
0.2 ¡tg/ntL could only give O-2LZ inhibition (Tab1e B).

Epitope Specificity of Monoclonal Antibodies

Dif ferent Mabs in 6 dilution series (frcr¡ 2 mg/nr to 2 r l0-5

mg/mL; final concentration) were used as.inhibitors i¡ RIA #4 to

inhibit the binding of different ¡4ab to Ì25r-pl j¡r order to study

the epitope specificit.y of each Mab. Ten Mabs were tested in two

batches for the c-onvenience of the experjments.

The batch I incl_uded C4.L/gA, C4"L/L02t C4.I/40t A2.3/79 and

A2.3/L9I. Results of crossinhibition study are shown jn Table 9, frcrn

which two representat.ive sets of data are illustrated in Figure B.

c4.L/ro2 and A2.3/7g rvere amployed to inhibit the binding of f25r-nl

to 5 Mabs on the solid-phase. !,üiren i¡hibitors were jrr relatively fcÃ{

concentration (2 x 10 -l mg/mr) , c4.L/LI2 could inhibii c4.L/7g I

c4"L/L02 and c4 "L/40 by B3-91u, hrr coutd onry inhibir A2.3/79 and

A2"3/r9L by r9-25ea" on the other hand, A2.3/79 courd inhibit M.l/lg
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Coating mAB

x C4.1/96 o C4.1/ 1Oz

A.

-106-

t C4.1 / 40 o 42.3/79 o A2.O/ 191

ln h ib itio n B.

-*m

*\\
@

fog 22x2x2x2x2x
1o-1 1o-2 1o-3 1o4 .,ã;u

Concentration of inhibitor C4.1/ 1O2

log 2 2x 2x
- I --10 ' 10'

Concentration of

2x 2x
-n -h10 10 " mg/mt

42.3 /7I

mg/ml
2x

_D
10 "

inh ib itor

Figrure B: crossinhibition arnong 5 Mab to pr (Batch r) (RrA #4).

Panel A: Different dirutions of.,þb c4"vr02 were 
'sedto j_nhibit binding of ",r_p1 to 5 t{abs

adsorbed on wells.

Panel B: Different dirutions of-ELb M..3/r0g were used
to inhit¡it binding of 125I-pt by 5 r,rabs
adsorbed on wrells.

This graph is based on-2 seLs of representative data fron
Table 9.
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and A2"3/L9I by 90ea, but could cnllz inhibit C4"L/lg, C4.L/L02 anð,

C4.I/40 2I-362. Therefore, these 5 clones could rather clearll' be

grouped into 2 famil-ies z C4"L/96, C4.IiL02 and C4.L/¿,0 belongeC tr

family Tt and A2 .3/79 and 42.3/I9L betonged to family II. Hcnvever,

when the concentration of inhibitors increased, the difference of

inhibitions caused by clones belonged to different families decreased.

At 2 mg/ml, monoclonal- antibodies frcrn the other family could also

cause 46-1003 inhibition. This inhibition was not nonspecific, since

normal hurian serum protein at the saine ocncentration caused only 3-26%

inhibition, vdrich was considered âs a nonspecific protein effect.

Batch II consisted of 4 clones of Mab (HY3/90t B2.I/BI-, C3.6/62

and C3 "6/L04). fn one set of crossinhibitíon or¡reri:nents with RIA #4

(Table t0 and Figure 9A), TN3/90 was ussJ to inhibit the binding of
'ì ,)tr
"'T-PL by 4 dif ferent Mabs including rN3/90 on solid-phase" At

concenLration of 2 x 10-3 mg/mL, it c-ould inhibit. BB? and 922 for

HY3/90 and B2"L/}I, respectively, and 38? and 573 for C3.6/62 and

C3.6/L04, respectively. Thus, the former trn¡o were grouped into family

III and the latter two into family IV. This way of grouping was

verified to be approprial-e by another set of crossinhibition study

using also RIA #4, in which 5 different. rYabs were used to inhibit the
11r.

binding of t"r-PI by C3 "6/62 on solid-phase (Tabl-e 1I and Figure

9b). At concentrations of 2 x L}-J mg/nlr ItY3/gO and 82.L/BL, which

belonged to a different family (family IV) than the coating lvlab, gave

2Bz and 3Beó inhibition, respectively, wl-rile c3.6/62 and C3.6/L04,
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Table II. Crossinhibition arnong Seven Anti-Pl Monoclonal Anliboclies
(RIA #4 )

Inhibitor
Concentration of

inhibitors
(mg//ml )

Mab on Solid Phase

c3.6/62 c3.6/L04

? Inhibition

Mab HY3l90

T"]Ab B?"L/BL

Mab B2.I/35

Mab C3.6/62

t
2xI0i_t2xL0i
2xIO'_A2xI0 l

_h2xl:0'

Ì
-t2xLOI-)2xI0 1_¿

2x10 1
-tL2xl0-'_\2x].O'

I
2x10i
2xL0i
2 x 10-l

-42x10-'-\2x10'

-1
-2
-3
_A

=
-5

_l
10_;
r0;
10-:
t0 l
l0'

100
I00

B3
57
z5

6

r00
93
7L
46
37
30

100
B3

64
42
JO

30

100
100
100
100

96
60

100
100
100
t00

92
75

100
100
100

97
B4
64

r00
100
100

95
B3

60

100
92
70
3B

B

0

100
B4
53
28

5
6

93
74
39
L7

6
1

IO
t0
IO
t0
10

I
2x
2x
2x
2x
2x

1
2x
)v

2x
2x
2x

Mab C3.6/L04
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Table Il cont'd.."..

Inhibitor
Concentration of

inhibitors
tug/lr.L)

l4ab on Solid ptlase

î? e /â.'')vr. v/ vL c3.6/104

% Inhibition

63
55
36
36
32
22

100
100

91
BO

55
30

48
22

9

0
0
0

100
t00

87
64
36
L2

xl0
xI0
x l-0
x10
x10

x

X
X

I
2
2
2
2
2

I
2
2
2
2
2

-1
_.)

-3
-4
-5

_'t10:
LO-:
10-l
10 1
10'

t-'Iab C4.I/96

þLab A2.3/79

Hur¡an Serum Protein L mg/nJ

itlaximum Binding (cçxn) 4,234 5,l-31_

Baclcground vas 480 çm, wlrich r.rcre decided by neâr c!ürì of 4 rvells
coated with ant.i-Rye I monoclonal antibody #8.

Qm of 0å inhibition vere decided by using pBS as an j¡hibitor.

concentration of inhibitors indicated in the table were the final
concentration in the rvell-.

Samples r'¡ere Lested in duplicate.
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Coating mAB

x HY3/90

o 82.1/81

¿ C3.6/62

o C3.6/ 104

PIate coated v¡ith 63.6/62

X HY3/90

o 82.'tl81

¿ C3.6/6 2

o c3.6/ 104

*\ô
A.

lOOo/o

B.

\" 
^---'

\
\*r

\\
\\

\:

Fign:re 9: crossinhibition arnong 4 Mab to pr (Batch rr) (RrA #4).
panel A was graphed according to data fror Table 10.
Dif ferentr4Ålutions of Mab L1Y3/90 were used to inhibit
binding of ---r-pl to 4 different l4abs adsorbed on rvelrs"

Panel B was graphed according to data fron Table 11. Fourdif ferenb l4abs v/ere used to inhibit the binding of125r-pt to Mab c3.6/62 adsorbed v¡erls"

This o<periment rdas repeated with simirar results.

IOOYo

Log

\\\\ \h
\ \. \\

\,\\

\\\
\'\ \^\

Log 1 2x 2x 2x 2x 2x
lo_1 1o-2 lo_3 lo_4 lo_5

Concentration of inhibitor Hyg/90 (mg/ml)

\

¿x zx 2x 2x 2x
10- 1 1o-2 I o-3 .,ã.a ., ã.u
Concentration of inhibitor,(mg/ml)



_IL2-

which berongec to the same family (family rr/) as the coati¡g Mab

c3.6/62, could give 952 and 97% i¡hibition, respectively. simitar to
the results from batch Ir when the concentration of inhibitcrs
increased to 2 mg/ml, Mabs belonging to different families coul<i

crossinhibit r¡o to 100% of each oilrers binding to f25r-pl.

The relationship amcng 4 famities frcr¡ batch I and batch II was

further examined. 83.6/62 and 83"6/L04 vere r:sed to c-oat verrs, aûd

Mabs from 4 different families were used as inhibitors i¡ RIA #4.

Results are shown in Table 11. Concentrations of l4abs needed for 50?

inhibition of the binding of f25a-nt to Mabs-coated welr were

calculated according to d,ilution curve based on data frcrr Table 11,

and are given in Table 12a and 12b. T\øo one-dimensional rnaps were

drawn according to data frcrn Table 12 (Figure r0 ). rn the rnaps, the

position of each clone was decided by the concentration needed for 503

inhibition of t.he binding of 125r-p1 by laabs 3.6/62 and c3 .6/L04.

c4.L/9 6 was the representative Mab of family r and Mab A2.3/j9 üte

represenLative of family II.

' It was hypothesized. that if the value of the crcncentrations on

the axis of the maps v/as ignored and if only the distance between

clones was considered, the lat.ter oould approxirnately reflect. the

relationships between the clones. The greater the distance betv¡een

two clones on the map, the rueaker should be their: relationship, and

the lowest should be their crossinhibition and vise versa.
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ing to 125FPl

Family lV

on of C3.6/62 bind

il

HHE

inh ibiti

Family

EI
l-.,-l

L:I

hip of different f amilies based on

Family lll

R e la tions

A' Family I

H
lËl

o-1-2-3-4

104 binding to 1251-p I

tFl

Þl

sed on inhibition of C3.6/hip of different families ba

H HH

F elations

B.

o-1-2-3-4-5

Figiure l0: One-dimensional map depicting the relationship among
families and clones of anti-Pl Mabs (based on data of Table
12).
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The resuits in Figure rOa and rOb are concordant in supporting

the hypothesis. rf one mace a predict.ion iased on Figure r0a, and

chose C3 " 6/L04 as a reference clone, i"e., i:sing different clones

including c3.6/Lc4 ro inhibit binding of r25t-pt 
r.o c3.6/L04, the

order of strength for inhibition should be decided by the distance
from each clone to c3.6/L04, therefore, the order shourd be c3.6/]t04,
c3-6/62, A2.3/79, Hy3/90, B2.L/BL, 82.1/35 and c4.r/g6. This was

proven to be the case in nigure 10b. rf one st¿rted fron Figr:re 9b,

and chose c3.6/62 as the reference crone, the ord.er should be c3.6/62,
c3.6/104, Ð,-3/79, TN3/90, B2,L/BL, B2.r/35 and c4.L/ga, and rhis was

again verified to be c-orrect as shcwn in Figure 10a. Another two sets

of experiments v¡ere carried out to further examine the validity of the

maps and of the hlpothesis.

rn the first. set, Mab w3/go, B2"I/BL, c3.6/62 and c3.6/104 were

used to coat welIs, and c4 .L/ga from famity r was ønployed as

inhibitor in RrA #4 (Tabl_e 13). The srrength of CA.L/96 in causing

50? inhibition cn different clones should be in L\e order of B2.r/BL,

HY3/90, c3.6/L04 and 3.6/62, frorn sLrongest to veakest according to

map A in Figure 10; or in the order of B2.L/BL, rY3/go, c3"6/62 and,

c3.6/L04 from strongest to weakest according to nlap B in Figiure r0.

The resurts are given in Tabl-e t3 and Figure lla. The order of

concentrat ion of C3 .6/96 to gi-øe 50% inhibít.ion on different clones

was exactly that predicted try nap A in Figure 10.
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À c3.6/62 D c3.6/ 104

100% â--4

Coating mAB

x HY3/90 o 82.1/81

A.

Log 5 1 1O- 1 1O-2 1O-3 1O-4

lnhibitor (C4.1/96 mg/ml)

>o 

-o

\
"\:

^

Figure 1l: Crossinhibition among 6 clones frcrn 4 families.
This graph vas based on data i¡ table l-3 (RIA #4).

Parrel A:

LogS 1 1O-1 10-2 1O-3 1O-4

tnhibitor A2.gtT9 mg/mt)

Mab C4.L/96 frq+"family I was used to inhibit.
the binding of -"I-PI to 4 clones adsorbed
on wells.

Mab 42.3/79 frø+"f,amily II was i:seC to inhibit
the binding of -'"T-pL to 4 clones adsorbed

Panel B:

on wells.
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In 'e he seccnd set of e<periments, 42. 3/79 fran family I r.^¡as used

as an inhibitor to inhibit the sam.e 4 Mab linkeC to the rrells as ín
the f irsi set of a:¡rerirneni:s (Table i3). The order of disi:ance frcgr

A2.3/79 to other clones was Hy3/90, BLL/BL, c3.6/L04 and c3.6/62 frøt
the nearest to the furthest according to map A in Figure r0.
According to the results, the order of concentration of A2.3/7g tþ
give 50? inhibition on those 4 crones was B2.r/Br, ffß/g}, c3.6/L04
and c3.6/62, from the strongest to the weaì<esL. This order of
strength was basically the same as the order of distance except that
HY3/90 and B?.L/BL switched positions with one another. Since rryr3/gg

and B2.L/Br belonged to the same famiry, theywere very close in
position in map A (Figure 10b), and this switch over was therefore

considered as an experimental error. AJ-though Íâp A and map B r¡¡ere

simiLar, map A crruld depict relationships of clones better according

to the 2 experiinents nentioned above" Another finding according to

map A, as well as all- the crossinhibition assays carried out, r^;as that

the 10 Mabs could only be grorloed into several families on the basis

of quantit-ative difference of their capacity in giving crossinhibi.Lion

to other clones. When two gror-4rs of clones vçere abouL 3 units or rnf,re

apart in the map, such as family r vs family rr, and family rr vs

family rv, they could be rather clearry divided into different

families in crossinhibition assays (Figure I and Figure 9); rvhereas

clones separated apart less than abouL 3 units in the me.o could hardly

be differentiated into different families. For exainolen when A2"3/79,
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v¡hich belonged to farrrillz rI, ruas used as a reference clone, since the

difference of distance from fanrily rrr to family rI and that frcl,ct

family IV to family II was less than l unit in nrap A (Figiure lga), no

cl-earcut Eamilies could be dif ferentiated between farnily III and

family fV i¡ Figure llb.

Crossreactivity of Mouse and Hrnnan T\nti-pl Antibodies

The crossreactivity was f írst exanrined by using sera frqn ilDy

allergic patients to inhibit binding of l25l-p1 to nxruse ì¿ab in RIA

#4. Nine different Mab were used to coat wer-r-s, and different

dil-utions of pooled serum frcm altergic or nonallergic individual-s

were employed as inhibitors. Resurts are shorvn in Tabre 14.

undiluted arlergic sera gave 70-r00? inhibition, rvùiIe contror

nonal-lergic sera caused 13-503 inhibition. The difference is
statistically significant (p < 0.01; by variance analysis). These

results suggested that the epitopes recognized by rmuse Mab vere al-so

recognized by huu.n anti-Pl antibcdies.

The crossreactivity was also tested by employing anti-pl

monoclonal- antibodies as inhibitors of the binding of human

Pl-specific rgn to 125r-nl ( in RrA #5 ) . rn order to ensure Lhe

sensitivity of the assay, different cpm of total t25r-pt per weII

were pretested. According to results shown i¡ Table 15, l.vhen 250,000

cpm were added to each well, the final 125r-p1 bound in all B

samples , which were to be onployed later in tle assays, v¡ere still in
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Tabie 15. Titration of r25t*pi in RrA #5

Totar l25r-nl 
Added

â(cpn)*

Qarrrm"*ï'b
sample

250,000 125,000 62,500 3r, ooo

125r-nt 
Bound (c¡m)

w77

W7B

wL22

vtl-24

vrl-25

vtL26

tñL27

Pcol

2,8r2

L,594

L0 t743

13,343

10,3Bg

4, BB4

4,011

5,933

2,027

1,150

5,673

6,965

5,329

2,949

2,489

3,579

I,6ll

801

3,2r9

3 t725

3 ,309

L,9.44

I t94B

2,238

9s3

s03

7,744

I,826

1,783

I,094

1,078

I,235

Nonatopic
serum

77100209 154

aA¡proximaì:e values with about t l0% variation.
boll 

".ra were diluted I¡10.

Samples were tested in duplicate.
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the ascending part of dilution curves. Therefore, about 2001000 ryn
of 125r-nt were added to each ræ1I. Eight serum sanpres ccrnposed of

7 sera from HDI"I altergic individuals and one serum pool frcrn another

10 HDM allergic individual-s rære diluted 1:10 in pBS, and incubated in

mouse-anti-hr¡ran-IgE ocated r+ells. Fir¡e anti-Pl Mab frcrn 4 different

families were used as i¡rhibitors. ftre i¡hibition (Tab1e 16) r,¡as less

effective wtren cronpared with the results in Table 9, wtrere npr:se l,labs

were used to inhibit mouse Mabs. At the level of 200 pgftrL of

inhibitor, the mean inhibition I ISD by I'lab of hr¡nan IgE binding

activity was 55.4 t21.39, wtrile that to autologor-s and lreterologor:s

mouse monoclonal was 94.1 t I4;It (Table 9). Thís suggested anti-p1

fgE in human sera recognized rrrre than one çitope on PI, ocnçnred to

Mab. In Table 16, 24 out of 40 different crcmbinations den¡cnstrated

more than 50t inhibition at the level of 200 Vg/roJ- of inhibitors.

This suggested the preser¡ce of a mjor antigenic region of PI wtrich

was recognized by aIl- nucuse Mab families and by hunan IgE antibodies.

The data of Table 16 v¡ere evaluated by tvo-vay r¡ariance analysis"

Comparing the inhibitory effect of different clones, the only

significant difference \^ras between Itr3/90 and thre other clones" Since

HY3/90 and B2.L/8I were of tlre same family, tlre i,€ak inhibition by

HY3/90 could only be explained by its relatively r,eak affinity, as

suggested by its lcxrr binding activity to 125r-pt (Table 13). rt was

noticed that I different human sera were inhibited by Mab to a

different octent. The difference of inhibition between any of 2 hunan

sera was compared statisticalty with ¡¡ariancre analysis" There r¡ere
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LotaI (B-l ) x (B-l) = 49 rlifferenL cornbinations of pairs. About I-raIt

(2I/69 ¡ of the ¡rairs clif feretl signif icantly (p<0.05 ) b:tween the 2

members of a pair ir-r Lhe extenc of b:ing inhibited by Mab (Table L7).
Among alr the sera, w77 was i¡hibiied n¡cst strongry by plah:, and ht24

the least.

co*p..i=on of th. rthibito.v Eff".t of rndi,ridu.I Mab and pooled Mab

on the Binding of pl to Hunra¡ IgE Àntibodies

Three monoclonal anti-Pl antibodies fron 3 different families
f,¿ere empJ-oyed as inhibitors, either individually or as a pool to
inhibit the binding of Pl to human rgE antibodies. Three sera fron
HDM al-lergic donors were tested. The results (Table rB) rrer:
processed with Student-Ne'ønan-Keuls r¡arianie analysis, in order to
compare the difference b=tween i¡hibitory effect of singJ-e rlhb to that
of t'he pool . rt was found Lhat C4 .L/L02 was sigrif icantly slronger
than B2-L/L)4 (P < 0.05), and poorl'labwassignificantrystronger

than 82.L/r)4, whire the difference between pooled Mab, c4.L/L02 and.

A2 - 3/19 was not signi f icatit . It is therefore concluled that the

pooIeC I'{ab di,l noL induce a slronger inhibit.ion tharr the individual_

Mab' That the ,r¡cx¡I,:d Mab gave sLronger ixhibiLion tha-rl B2.I/I}4 coul<l

be expiained by the fact ttlaL pooled Mab conLained C4.I/L02 wl-rich was

a signif icant-Iy strcnger iniribitor than 82 .L/L04.
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Discussion

The purpose of ihis siudy r¡a.s to .oroduce nrmoclonal a-ntibcCies

specific io pl- (the major allergen of the house dust mÍte,
Dermatophagoides pteronyssinus), and to select those ryab th,,at are
reacting with epitope(s) which are identical or close to those
identif ied by ant.ibodies fron ÍlDùt allergic ¡ntients" The l4ab were

also used in crossinhibition studies to anaryse the topography of pl
antigenic èterminants.

An essential prerequirement for the production of monoclonal

antibodies is to esLablish a r¡alid and efficient assay to irxrnitor Lhe

antibody response of immunized mice and to screen the curture
supernatants of hybrido¡ra celt lines. sj¡ce the assay should be set
up prior to the inununizai:ion of mice and since no pl-specific mouse rg
was available at the beginning of thís study, a radioi¡rununoassay (RIA

#I) was developed and validated by enploying nouse rgG nonoclonal

antibodies to human IgE. RIA #1 allowed the detect.ion of less than

0-1 Vg/mL of mouse IgG anti-IgE in a culture nediun crcnlárable to
that em,oroyed to gro\,r hybridoma cell rines (Figure 2). This

sensitivity was satisfactory since the Ig concentration in the crrlture

supernatant of hybridonra was reported (ZoIa et al 1982) to be in the
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range of I to l0 vg/nL. since in the sera of inununized nrice, the

Pl-specific rgG $¡aS expected t¡ be onty a small fraction of total rgG,

enough binding capacity of goac-anti- irouse-IgG coated v¡e1ls were

needed to generate a reasonably high signar. To ensure tha-L RrA #t
could be appried for the nonitoring of mrr.se serum antibodlz response,

we mixed a small- amount of Mab anti-rgE with normal nu¡use sel¡n to
mimic the immunized mcuse serum. The results (Figure 2) showed, that
in this reference system, Iess than 0.1 ¡-tgrZnù specific IgG }4ab could

be detected in mouse serum.

Dif ferent immunization schedules were used with cran¡nrable

success by different investigators (Zola et al- r9B2¡ spriggs et al_

l9B3; chapman et ar 1984). we therefore emproyed an enpiricar

schedule which was used in this laboratory for the production of

several kinds of Mab. BaIb/c mice hTere chosen since the fusion

myeloma partner NS-l was of Barb/c origin; hence, the resulting

hybridomas will be easily grown in the peritoneal cavity of
histocompatible BaLb/c mice i¡ order to obtain large quantities of

ascitic f1uid. The two rnice immunized i¡ the present study nx¡unted a

strong antibody response with serum IgG anti-Pl reaching a titer of

l:l-02t400. This response sesns to be cornparable or even better than

that reported by Chapman et aI (1984 ), who obtained a titer of

Izi_Z, B00, although it must be noted that these authors enployed a

different assay to neasure IgG anti-pl.
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After r'usion, cells rrere culture.j in aliquois of ab¡ut I r 106

cells/well i¡ a 96 -wel] tissue cui'Lure _olate" After 6 da1zs, at least
one colony of groiving hybrid cells iças found in each rvell. This

fusion ratio is comparable to tÌrat (1-5 an'ong 106 spreen cells)
reported by Yelton et al- (i978); the fusion was therefore considered

successful.

screening assays were carried out twice on day 10 and day 13.

Due to limited amount of culture supernatants, each sample was tested

singly in each assay. However, the previous (or subsequent) assay

served as a duplicate and most of the results of the 2 assays were

concordant. All the 96 primary curtures produced anti-pl rgG

antibody. This was not unusual, since each v';ell contained several

clones of hybrids and the reported frequenry of trybrids produci¡g the

desired specific antibodies ranged fron 11% to 57? (yerton et ar

1978). The binding of hybridorna antibodies to p1 could be inhibited

by crude HDI antigen but not by an unrelated antigen like Rye r, the

rnajor allergen of rye grass pollen. These inhibition assays were

essential because the labeled Pt used i¡ the screening assays could

express new antigenic determinants secondary to conforrnetional changes

due to radioiodination. Hence, the inhibition assay cculd distinguish

the antibodies against natural determinants frcrn those against

modified determinants on PI. By adding 200 ng of crude HDy antigen,
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all the test samples were i¡hibitable and the inhibition was abcut

30-60U (Table 1). However, the sarne amoLlnt of crude antigen couid

give rnore ihan 30? inhibition in subsequent assays (Tab]e 6 and 7).

The reiative low inhibition i¡ iJris assay was, ÍÐst likely, di:e to the

Iong period (more than one monih) of storage of the crude ant.igen i¡
solution. It was a frequent observaLion by the author that the

antigenicity of crude HDV solution i^,¡cu-l-d d.ecrease during the storage

even at low temperature. Ackland et al (1984) reported similar

findings. He documented t.hat esterase, ripase and arkarine
phosphatase v¡ere present in v¡ho1e rnite extract.. These enzlmes coul-d

cause degradation of the antigen, and roere probably responsible for
the loss of antigenicity of crude FDy ant.igen during the storage. The

primary cultures v¡=re selected for limiting dilution based on the high

binding of activity of their curture supernatant to 125r-p1 or to
the strong inhibition by IJDvI antigen. lcnu binding to Pt could be due

either to l-crw affinity or to lcx¿ cr¡ncentration of the antibodies. In

either case, the Pl-çecific hybridcnra antibody could still- possibly

share crossreactive idiotype with human anti-pl ant.ibodies.

Theref ore, some of these wells were alsc kept for future limit.ing

dilution.

Nine primary cultures containing anti-Pl antibcdy inhibitable by

crude IÐùt e*<tract were cloned by limiting dilution. An average of 0.5

cell v¿as dispenseC into each weII of 96 well tissue culture plates.

According to Poisson distrih:tion formula (Mishell et aI I9B0 ): Ln S
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: m (where s is the i:heoretical fract.ion of negative cultures, and. m

is the mean number of celrs appried per -werr ), 30.7% of the -,¡¡erls

should contain a growing clone. This varue rras quite close to that
observed in this study, i . e. , 23.42 ( 404 out oi L72B welrs ). otre

culLure was assumeC to be ncnoclonal when orly one colony of cells
could be identified j¡ the corrâsponding r^rell after e<amination uld.er

the microscrope 7 days after the limiting dilution. This assumption

was valid in most of the cases unless t:wo or nore cells \^iere stuck
together during limiting dil-ution.

rn 4 out of 9 primary curtures, the monoc]onar hybridcrnas

generated in liniting dilution did not secrete IgG anti-p1 antiÌ:ody.

There are severa] possible explanations: (1) the specific antibody

producing cell vùas overgrown by other unrerated hybrids, (2) as

pointed out by Yelton et al ('1}TB), i¡ sonre cases the hybrids nnking

the largest amount of antibody rnay die after a number of generations

in culture due to their terminal differentiation. On the other
extreme. monoclonal hybrids derived fron 2 other prinnry cultures
(c4. 1 and 82.1) rvere arr secreting an bi-pl antibody. This was

probably due to the fact that there r.ras only cne hybrid clone, wLrich

was an anti-P1 producing hybrid, in the primary curture.
Arternativery, anti-pr antibod,y producing clone(s) in the prlmary

curture overgrew arl other hybrids in the same wetl before the

limiting dilution.
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rn orrl-er to sel-ect clones r^/nich \¡¿ere crossreactiv:e with hurnan

anti-Pl anL'ii:cdv, pcorec sera t'rqn FIDY aliergic patients were used. as

inhibitors in the screening assays" T\^¡o ¡rI of allergic sera gave

27-E3z inhibition of the binoing of i,{ab .to 125r-pt (Table 2).
Normal- human serum was not included for tire control in the screening

assays due to the rimited quantity of supernatants. Ho,vever, in
subsequent similar assays (Table L4), 2 ¡-r1 of norrnal- hurnan serlïn gave

very little inhibition (3-14u ). Therefore, it c.ould be cr¡ncluded thaL

the screening proced.ure was efficient and that allergic serum

specifically inhibited the binding of Mab to p1. severar
possibilities could accor:nt for this inhibition. The hunan antibody

might bind to the same epitope of PI as that recognized by the t{ab and

cause inhibition by true crcmpetition. Alternatively, hunan antibodies

might bind to an area close to the epitope recoginized by ruab and cause

inhibition by steric hindrance. rt is also possible t-¡at hrnran

antibodies bind to some totatly different deterrninant and cause

inhibition by allosteric effect as reported by llranyi et aJ- (1980).

There was no way to differentiate these three possibilities by rpans

of the radioimmunoassays anployed in tlis study. Therefore, it was

logical at this stage to select the clones uÈìich v;ere well inhibited

by crude HDM antigen and hu¡ran anti-pl antibody, in a hope thaL at

least some of the Mab v¡ere recognizing the same epitope as humn

anti-P1 antibody did. rndeed. the finat goal of this ¡nrt of the

study was to obtain l"labs that share idiotype(s) rvith the hu¡nan anti-pl
antibodies" It uas assu-rred thr,at the probability of rnf,iLse Mab to share
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a crossreactive id:'-otype with humex antiÌæd,,2 shculd be much higher if
the nrcuse and hunran antii:cdies vÊre s_oecific to the same epitope.

Durinq the expansion of the serected n¡nocr-onaI hybrios, 3 crones
stopped producing anti-Pr antibody. This nright be due to chrcmosor.ne

loss, or segregation of the genes for the antibody heavy and/or light
chains as suggested by Gerhard et ar- (.'976); arternativery, these
hybrids might not have been monoclonal, and. the a,nti-pl antibody
producing cells could have been overgrcñrn by unrelated crones.

The subclass cf l-0 nonoclonal antibodies was first tested by nra
#3 and clearcut resurts were obtained (Table 3). The data also
support the view that these hybrids h/ere msnoclona1. Hcx,vever, there
were no positive crcntrols available for y2a, \3 and À subclasses. An

immunodiffusion assay was carried out to ccrnplenent the results of the
RrA by testing the activity of alr the a.'rtisera enployed in RrA. The

results of this assay (Figure 4) r,,¡ere in accordance with those of the
RrA' The five Mab crones identified as vrr by RrA, formeo
precipitation bands with anti-1.I and anti-x antisera, hrt not with
anti-v2a, anti-12b or anti-.13 antisera, virile as a cr¡ntrol_, anti-y2a,
anti -v2b, anti-t3 and anti-À antisera could form bands against nornal

mouse serum. This indicated that the antisera were indeed active.
The five iulab were also precipitated by antisera to À chain. This was

not too surprising, because (1) the monoclonal antiÌædies were

isolated frorn ascitic fluid, in r,/nich unrelated rg fron the iæsl mcuse
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could be present; (2) Mab rrere purif ied by ion exchange

chromatography, a procedure ihat could not differentiate ilre

Pl-specific rgG frcm the unrelated rgG; and noreover (3) scxre rg of

the other classes were c-o.ourified with the lgG anii-pI, as shoivn by

the SDS-PAGE analysis (Fignrre 4). Ni¡e out of 10 Mab were of the rlx
subclass, and one \¡¡as of y2bn" It was not unusual that aII the l4ab

had x fight chains, since in ¡rouse nornar- serum rg, the ratio of x le

r is 95:5 (Turner et ar L977). However, arthough rgG2a is the

dominant rgG subcla.ss in nouse, in this study as r¡elr as in that of

Chapman et al (1984), the major IgG subclass of anti-pl l,tab was of

IgGl. This could be due to the nature of Pl or to the i¡rmunizat.ion

schedule; the exact reason is not. kno-wn.

The specificity of Mab vas tested in 2 assay systerns, i.e., RrA

#2 where Mab was bound to the solid-phase via goat-anti-mouse rgG, and

RIA # 4 where Mab içere al-lowed to crcat dírectly the solid-phase. The

results v¿ere concord.ant and the binding of f25r-pl- to rnonoclonal

antibodies coul-d be specif icalty inhibi-ued by wrlabeled crude HDtuI

antigen or Pl, but not by wrrelated antigen. Another investigator

tried to prepare anti-Pl Mab, but later he found the Mab were

actuarly binding to the determinant of phosphatidyl choline (Dr. F.

All<an, personal communications ) . The explanation was that PC is

ubiquitous, and is frequently present in pl preparations. Therefore,

PC was i¡cluded as an inhibitor; no inhibition was found by adding 200

ng of PC per well, whereas at the same ccncentration crude HDivl induced

BI-1003 inhibition.
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The epitope specificity of the Mab was studied by cross-

inhibition assays" Ni¡e clones roere divided into 2 batches according

to the prinary culture frcrn wtrich they vere derived. Crossinhibition

was first crcnducted within ttre batch" In the first batch I, C4.L/96,

C4.I/L02 and C4.L/40 rære frcrn the same prinary culture, and A2.3/79

and A2 .3/L9L were both frcrn another primary culture. It r¡as ap¡nrent

from Figure 8a that C4"L/96, C4"L/40 and the autologot:.s antibody

C4.L/L02 inhibited strongly and to a similar ectent the binding of

}A.I/LO2 Lo 125t-p1, while the other tno clones A2.3/7g and 42.3/IgL

were weak inhibitors " The difference of inhibition by these two

groups of l"labs was statistically siginificant by variance analysis

(P<0.05), and it was not due Lo the difference of affinity or

difference of concentration of active antibody in the pre¡nrations.

Indeed, when P2.3/79 was r.r.sed to crcat to the solid-plnse (Figure 8b),

A2.3/L9L and the autologous A2.3/79 (both of which were lreak

inhibitors in the previous experiment in Figure Ba), became strong

inhibitors" Ttrus, these &¡o groq)s of Mabs \â¡ere consi&red as nernbers

of two distinct families. c4"L/96, c4-r\o2 and' c4-L/40 belonged to

family Tt and 42.3/79 and, A2.3/I9L belonged to family II. B}z similar

analysis, the second batch of lvfab, wt¡ich consisted of 4 clones, v,,as

shown to comprise another two families. Fämily III consisted of

HY3/9O and B2.I/8I, and. family rV cpnsisted of C3.6/62 and C3.6/1-04.

As sho,r¡n in Figure 9a, nernbers of farnily III vere strong inhibitors to

autologous msnber (like fN3/90), h¡t i^æak inhibitors for the rernber of

family IV (like C3.6/62 (Fignrre 9b)). Conversely, nønbers of family
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rv inhii¡ited less the member of famiry rrr Hy3/90 than their
auLoiogous member c3.6/62 did. This again indicated that the

dif ference of inhibition was not. due to ihe relative difference of

a.:-'finity. It i¡as noticed that al.l the ire¡nbers of a given famiiy vere

actualry derived from the same primary culture irl al_l cases, except

family III, ând that the inhibition curves (Fign:re B and 9) of ¡rembers

of the same famiry were very close and simil-ar" This might suggest

that all the clones of a family crcutd be the progenies of one hybrid

cell- and they were recognizing the same epitope on the pl rru¡lecule.

Chapman et aI (1984) produced anti-Pl Mab and cr¡nducted similar

crossinhibit.ion assays. The highest concentration of inhibitor
employed in their st.udies was 50 prl of I:100 dituted ascites v¡hich

contained approximately 5 Ug of Mab (based on the assunption t}at
ascitic fluid contained 10 mg/mI of rgG). lvith this anrount of

inhibitor, it was for:nd that. the binding of antigen to scrne t4ab could

be inhibited cornpletely (> 953) by one group of Mab, but onry

partially inhibited (15-52%) by another grorp of Mab. They croncl-ucled

that ¡nrtial inhibition \Â,as nonspecific and that the two gror4>s of Mab

were directed against two distinct epitopes on the pI nnlecr:le. It

would be interesting to know the inhibition ¡nLtern when higher

concentrai.ions of Mab were employed. In our study, v/nen 0.2 pg of

Mabs was used as inhibitors, the results \dere comparable to that of

Chapman's, i"e., one family would ínhibit rnore than B0? v¿hile the

ot.her family only inhibit less than 558 in both batches (Figure B and

9 ) . However, when the concentration of inhibitor I'4ab was fr:rther
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lncreased to 20 ¡tg/wel-L, alr the crones courd give complete
inhibition (> 858) of the binding of pl by lraab frcrn either the same

or a different famiry. we therefore consider that it. is not
appropriate to interpret the inhibition by scnre lrfab as ,,true' whrile

that by others as nonspecific.

Due to the fact that present anti-Pl rucnoclonal antibodies could
all inhibit, albeit with differe¡t e><tents, the binding of pl to a

given clone of Mab, it was reasonable to assure that: (1) on the pl
molecule, there is a contiguous structural rnoiety wtrich ccnprises
severar epitopes reacting with Mab, (2) there is a "¡xrbric region"
where these qitopes cnzerla¡4:ed, afld (3) each epitcpe Has cçgrprised of
a public region plus a private region wtrich only belong to a certain
epitope. A tentative to¡rcgraphical n¡¡del is ilh¡strated in Figrure 12

to depict this moiety on Pl. rf ræ assurre that tt€ circles in the

Figure v¡ere the c-enter of d.ifferent epitopes, and each epitope ocvers

an area with 5 cm radir.rs i¡ the Figrure, all the epitopes will overlap

with one another. Ærurng the area belonging to a certain q>itope, the

overlapped part is tlæ "¡rublic region" and the unoverra¡ped ¡nrt the

"private region". The degree of overlapping between træ epitopes wilr
account for the degree of crossreactivity. ftris hlpothesis could

quantitatively describe the crossreactivity, wtrich in rnany casês was

not a yes or no event, but showed a gradr:al differenqe. similar
observations were made by others. Fbr example, rvanyi et al (1982)

analysed the epitopes of hr¡rnn grroøth hor¡n¡ne with Mab. Scnre of ttre
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Mabs v¡ere partially crossreactive with other Mabs as strown by

crossinhibition assays" A similar phencnenon was also reported by

spriggs et al (1983) when the epitopes of Reovirus group 3

hernagglutinin qas str¡clied with }dabs.

According to this hlpothesis, it !*ls nÞre reasonable to classify

the lv1abs into different families according to the ¡nttern and degree

of crossinhibition by a reference clone, instead of arbitrarily
sett.ing up a cut-off point to define specific or nonspecific

inhibition and classify tdabs into families.

As mentioned earlier in our study, 9 clones rære d.ivided into 2

batches, and crossinhibition was firsL carried out within each batch.

Family I and II were identified frcrn batch 1, and family III and fV

from batch 2. To further study the relationship amcng these 4

families, a crossinhibition assay qas conducted anrcng the nernbers of

the 4 families. The resul-ts r^rere quite difficult to interpret at

first glance (Figure I0), and it r*as rucre difficutt to divide these

Mabs into different families when 42.3/79 was used as a reference

clone (Figure 9b). In this case, the differer¡c.es of the inhibition by

different clones were not statistically sigrnificant as assessed by

Student-Newman-Keuls r¡ariance analysis (P > 0.05). HcñÀre\¡er, rr'hen an

innovative map (Figure 9) was constructed according to the

concentration of different Mabs leading to 50t inhibition of the

reference clone C3.6/62 or C3.6/L04, the relationship between
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different families became understandable. Different }fabs r,rere lined

up along a one dimensional map. The distance between each other

reflected ttre relationship of the carresponding çitopes recogmized by

the Mab, and also reflected the ègree of crossreactivity between

different clones on families" In other rærds, tlæ relative strength

of inhibition of each clone against the reference clone was a function

of the distance between thsn on the rnap. rt rnas al-so found that 3

units or rcre on tìe IIEIp h¡ere tl¡e necessary distance for tr.¡o clones to

be clearly grouped into two disti¡ct families" This suggested that

the epitopes rec-ogrnized by these lÞbs rære scattered i¡ a crcntigruous

region with quantitative difference of overla¡rping between the

q>ito¡:es.

The validity of the map was tested with at least 4 clones

rcA"L/96, A2"3/79, C3.6/L04 and C3.6/62) as reference clones in cross-

inhibition assays. When our clones were compared with the b¡so

families of anti-Pl Mab prepared by Chapnan, it ras found (personal

communication) tlnt our 82.3/35,ìTlj3/g}, A2.3/7g, C3.6/62 and C3.6/LO4

were crossreactive with their 5H8C12 fanily (Cha¡rnan et al- 1984),

while our C4"I/96 did not crossreact with any of tLeir two families.

It was quite conceivable that the 5HBCI2 fanily was located at the

vicinity of the 42.3/79 family in our map (Figure l0). At this

location, B2.I/ZS, HY3/90, C3.6/l-04 and C3.6/62 were al-l in the

distance of less than 3 units, and., therefore, rr¡ere crossreactive to a

large extent with 5H8C12. This might be tle reason çr¡hy Chapnan
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consiaered that these clones do blong to ijreir 5HBC12 family. On 1åe

contrary, c4.L/96 was far away at the l-eft e><trane of the nap, and vns

thus ccnsidered by Chapnran as binding to a-nother "distinct" epitope.

rf we remember ttre fact ilrat ihis author onry Eraded the
crossreactivity on the yes or no irasis, instead of different degrees

of crossinhibition, this coul-d serve as another evidence to support

the validity of the rnap.

ft was found that not al-t the clones were equally good to be used

as a reference to construct a rmp. For example, if 42.3/7g v¡as r:sed

as a reference as shown in Figure 10b, i.e., different clones

incruding A2.3/79 itself were used to inhibit the binding ro pr by

A2.3/79, A2.3/79 v¡c¡u].d be located at the extrsne left. of the rnap since

it was autologous to the reference clone and vould give stronger

crossinhibition; since the dist¡nces frc¡n family III and family IV to

A2.3/79 were similar according to the nrap in Figure 10, although tl-rey

were located at different sides of 42.3/79, they would give similar

extent of inhibition to the reference crone A2.3/79 in the

crossinhibition assay, and this is reflected in Figure rrb"
Therefore, if we construct a rnap using M,.3/79 as a reference clone,

the famiry rrr would superim¡rcse on the position of fanLily rv, and the

map would fail to reflect the relationship between different famities.

This phenomenon could easily be explained by the fact that the nrap

rivas only a one-dimensional projection of the complicated two or

three-dimensional topography of pl epitopes onto a line. The
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relationship of the epi.topes coul-d oaly be reflected adeqr:ately if a

suitable angle -'¡âs chose,"] for ÌJre projeciicn. Let. us assuriÌ3 tirat the

epitopes were located as iltustrai-ed j¡ Figure 12, and ,oarallel lighh
beams ivere usec t.o project the epitopes onto a rinear nrap. wLen a

reference clone is selected, this clone should be positioned at gre

Ieft extreme on the linear rnap, because it is the autclogous l4ab and

shourd give the strongest inhibition, therefore, the a-ngle of the
projection is approxímately determined. rn this casef if c3.6/62 was

used as a reference, line ABwouldbe the rnap, and if A2.3/79 was used

as the reference, rine cD would be the nrap. A¡parentry, AB would

provide better reflection of t.he topography of the epitopes.
Conceivably, if several linear ÍEps were rnade using different ìdabsa.s

reference clones, and vlere orientated into suitable positions, a

two-dimensionar or even three-dimensional uap of epitope topography

might i¡e ænstructed" rt is r^¡crthv¡hile tc point out that j.-n the rnodel

shown in Figure 12, the circle might only represent the center of an

epitope, and the corresponding antibody could æver a certain area in
the vicinity either by true binding or by steric hindrance. These

areas beronging to each epitope courd overrap and, therefore,

crossreactivity between clones recognizing different epitopes nay

occur.

The topographic map of epito.oes thus constructed, either linear

or two-dimensionar, is an cperationar model, since it vuas prepared

according to crossinhibition assays r^/nich could not distinguish the
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Figure l-2: A model of q>itope topography on PI nolecul-e.
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steric hindrance frctn -urue crossreacLir¡ity oi antibdies; hoi.vever, ii
is rikely ref lecting, to a certain octent, the physical toooçrraph1z.

The relationship i:et"ueen the cperational and physical nrdel of epitope

topography could be fully established if the antigens were studied b1z

x-ray crystallography and affinity rabeling. Nevertheress, the

operational one is simple to establish, and is adeqpate in certain

studies on the function of different determinants of biologically
active macromolecures, such as antigens, viruses, hormones or

receptors.

In order to use mouse Mab to identify hurnan anti-idiotlzpic

antibodies, one prerequisite is thä.t Mahs share a public idiotype with

human antibodies. Our Mabs \.vere selected on the basis that their
binding to Pl could be inhibited by hurnan anti-P1 antibodies airning to

obtain Mabs binding to the same epitope as hr¡nan antibodies. This

should increase the probability that some of Lhese l4abs vuoul-d have

similar or identical ¡nratopes or ocmbining site idiotypes as hunan

anti-Pl antibodies. The binding of i"labs to Pl was indeed inhibited by

human sera containing anti-Pl antibodies with an jnhibition ranging

from 70 to 100?' as cpposed trl t3-50? inhibition rvhen nornal sera v/ere

used. By two-way variance analysis, the difference between

inhibitions by atopic and nonatopic hunan sera was highty significant
(P < 0.01), and the difference among the inhibitions of different

cl-ones of Mabs by anti-Pl pcsitive hurran sera \,ras not sigt-rificant.

This suggested that the epitopes recognized by Mabs rvere alr
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recognized by human antibodies, and that pooled hurnan anti-pl
antibcCies h¡3re binding to a similar extent to the different epitopes

recognized by different Mabs. DifferenL possibilities rnay be

considered to explain the 13-50% inhibition by the nonatopic human

sera. Wlrcle serum cr¡u1d nonspecifically interfere \,rith the binding of
antibody to antigen t ot this interference courd be due to the

presence of auto-anti-idiotype antibodies in norrnal serum. Abdou et
ar (1981) reported that sera of some active systemic Lupus

erytheinatosus patients as r^,e11 as scrne nor¡nal donors could inhibit the

anti-DNA antibody binding to DNA, and it was found later th¡at the

inhibition was due to the auto-anti-idiotlz¡:e antibody. Zouali et aI
(1983 ) reported a similar finding that sera of nor¡nal donors c-culd

inhibit affinity purified anti-DNA antibody'binding to D\A, and. the

inhibitory factor vras an rgG auto-a,nti-idiotype. Therefore, it wil_t

be interesting to elucidate the nature of the inhibition car:sed by

normal hu¡nan serum in the anti-Pt and Pl ligand system, and this topic

will be dealt with in the next CÌrapter.

In order Lo examine the extent of crossreactivity þtween }4ab and

human anti-Pl IgE antibody, l,Iabs were used. to jxhibit the binding of

Pl- by IgE antiiæCies fron B different human sera and a serum pool frcm

HDM allergic donors. The rn=an inhibition t ISD was 55.4 ! 2L.3?, and

the monoclonal antibodies to Ptf even at high concenLration, crculd not

completely inhibit the binding of Pt by hunan rgE anti-Pl (Tab1e 16 ).

This was not unexpected, since the huran antibody response to pI is
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"heterogenous ", i. e " o directed against ser¡eral epitope-s, .,,vhereas by

definition, a ì{ab is directed againsi a singre epitope. variance

analysis of the data showed that all the clones except gy3/90 uere

similar in their ability to j¡hibit hr¡nan IgE antibodies. This coutd

be easily explained by the fact that these r\4abs were al-l recognizing

the sarne contiguous antigenic rnoiety consisting of several overl-apping

epitopes. The inhibition by pooled Mabs fran three different falnilies

was conparable to that obtained by each l4ab tested individually. This

is another line of evidence that these },hbs (although they have some

guantitative difference in epitope specificity), were essentially

against the same antigenic moiety on Pl. It was noticed thât although

Mab could not completely inhibit the hr¡nan anti-pl rgn, the irean

inhibition was more than 50% (Table 16 ). This suggested that a rarge

portion of human IgE was against the same antigenic nuriety as that

recognized by Mab. Taking into account thät all our anti-pl Mabs,

plus the Mab 5HBCI2 prepared by Chagnan recognize this region, \âre

coul-d reasonably suggest that thís region is the rnajor antigenic site
on Pl. The overlapping area aÍnong the epitopes could be considered as

a major public immunogenic region for both mfuse and nan. If the

above concl-usion is correct, then the hr¡nan anti-Pl respcnse shoutd

predominantly involve clones with cornbining site idioty¡:e against this

region, and consequently, the crcrresponding anti-idiotype could be

present at a detectable level.
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Eight different hr¡ran allergic sera \^¡ere inhibited by Mabs to a
different e><tent. When every sera was conçnred in turn with the other

7 sera, the difference of inhibition in harf of such ¡nirs was

statistically sigrnificant. TLris i¡dicated that the proportion of IgE

against a certain antigenic roiety of pr anþng the totat anti-pl rgE

varied signif icantty among allergic i¡rdividuals. An interesting

finding was that the sen¡n frcrn a pa.tient W78, wt¡o had rec-eived crude

HDM antigen injections for trrc years, was the only one vtrich d.iffered

signif icantly from all the other 7 sera, and was inhibited ru¡st

strongly (rean 1 rsn ='70.2 t 36.09) by I'{abs. This could suggest that

after the prolonged hyposensitization, the epitcpe specificity of

anti-Pl IgE roas changed a¡¡d that the IgE against the antigenic nniety

recognized by Mab becane dcrninant. It i.dtl be i¡teresting to lmcn¡ if
this ratio change is due to the su¡¡pression of IgE production against

other epitopes or due to enhancsrent of ttre IgE production against the

epitopes rec.ognized by l,l,abs" With this regard, it is ]oro'¡n that there

is no definite pattern of change of specific anti-Pl IgE level during

hlpersensitization treatment (Dalaunois et aJ- 1985; Pauti et al 1984).
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CHAPTER III

AI\ALYSIS OF T¡IE I$]HIBITION BY HUMAN SERA oF TIIE

BII{DING OF PI TO AbJII-P1 ANTIÐDI$
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Abbreviations used i¡ this Chapter:

AASP HDt{ antigen-4B absorbed allergic serum pool

ANISP HDM antigen-4B absorbed nonallergic sen-un pool

Ànti-IgA-4B Sq>harose CL-48 crcrpled r+ith anti-huran IgA

antibodies

Anti-Id anti-id.iotype antibody

Anti-IgM-4B Sq>harose CL-48 crcrpled with anti-huran IgM

antibodies

BSA-48 Sepharose CT,-48 cor.pled r+rith bovine serun alh¡n-in

BSA bovine serum alh¡nin

FRS borate h¡ffered saline

CB carbonate h¡ffer

æAA crclorectal carcincrna associated antigen

cFm æi:nt per minute

Dryù fuuble distilled r^¡ater

DlG, fu>ryribonucleic acid

FCS fetal calf serr¡n

HDM lpr¡se dust rnite

HDM antigen-4B Sq>harose O,-48 cvor4lled with fnU antigen

IMBA high nolecular r+eight basic allergen

ïg inrnuroglob-rlin

IgArIgE, IgG, IgM inununogloh:Iins A,E,Grl{

LPS lipopollæacsharide

Mab nucnoclonat ant.ibody

Mab-Affi-ge1 Affi-gel 10 ocrpled with }4ab



-t5I-

PI the rrajor allergen in house dust nite (D.

pteronyssinus )

PBS phosphate buffered sal_ine

FC lro-phosphatidyl choline

RAST inhibition radioallergosorbent inhibition test

RIj\ radioimmurroassay

Rye I rye girass pollen al-lergen I
SpA Staphylococcus protein A

SpA-48 Sepharose 4B-CL crcrpled with Spa

TT tetanus toxoid

UASP HDY antigen-4B r:nabsorbed allergic serum pool

UNSP HDtr{ antigen-4B unabsorbed nonarrergic serum pool
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Abstract

Sera from 12 nonatopic adults, or frcrn 12 HDtvt atlergic ¡ntients
absorbed with mM-48, or frcrn 12 cord blood r,ære pooJ-ed, respectively,

and then precipitated twice with 508 annu¡nir:m sulfate and fractionated

by AcA 34 gel filtration. T\rÐ peaks rr¡ere collected frcrn each pool.

Peak I from adult sera could inhibit ttle binding of radiolabeled

antigen PI to IgE on IgG antibodies frcrn another serurn pool of 10 HDtvI

allergic ¡ntients, and ttp inhibition ranged frcrn 20-60S. ìtcne of tt¡e
Peaks II from adult sennn pools, nor the Peak I on Peak II frcrn cord

sera ' had sigmificant inhibitory effect. Peak f frcrn nonatcpic adult

serum pools courd arso inhibit, the binding of l25r-pl to anti-pl

Mab. However, Peak I frcrn adult sera did not inhibit û¡e binding of

Rye I on anti-Rye I antibodies, indicating the inhibition had certain

specificity. Nevertheless, the inhibitory factor of adult peak I
could not be absorbed by immunosorbents such as anti-IgA-4B,

anti-Iglf- B, SpA-48, HDM Ag-48, or anti-Pl Mab 19l-Affi-9e1. This

suggested Lhat ttre inhibitory factor in adult serum Peak I was not an

immunoglobulin, nor did it. have idiotype specificity on anti-Pl

antibody" Therefore, it was not anti-idiotlpe antibody h:t was scne

factor (s ) with restricted specificity.
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Introduction

As a supportive evidence for Jerne I s immune network theory
(L974), auto-anti-idiotype aniii:cdies irave been dsnonstrated in quite
a few instances either in anirnal or hunan nodels (Rodkey et al- L974¡

sakto et aI L975; Cosenza et al L976¡ ccnrvdery t9B1; Eisenberg et al-

1985; cunningham*Rundres et ar l9B2; Abdou et at rg8t; Zouali et a1

I9B3; Dwyer et al I9B4; Bose et a-l 1984). Various rethods have been

employed to detect anti-idiotype a,rtibodies. or^le of the co.mmonly used

approach is to examine the inhibitory effect of the tesL sarnple on the

binding of s¡:ecific antibodies to antigen. An inhibition jn the assay

will suggest the existence of anti-idiotlpe antibodies in the sarnple

provided adequate controls are included, and nonspecific inhibition is
excluded. The anti-fd tJ:irs detected should carry an j¡ternal image of
the epitope of the antigen, or bind to the vicinity of the cornbining

site of the idiotlpe positive antibody, bcause inhibition ireans that
possibly there is anti-rd competing with antigen for the idiotype
positive antibody. Scne authors use straight sera as test samples tc
start tire study of the existence of anti-rd. For exanple, Zouali et

al (1982) observed that some normar adurt sera, which had no

detectable anti-DNA antibodies nor DNIA, blocked the binding activity
of affinity purified anti-D{A antib,odies to |n{A; and that these sera

had no brocking effect on the binding of tetanus toxoid to
anti-tetanus toxoi<l antibody. Further study shoived that. the

inhibitory effect was caused. by Fab fragments of rgG. rt was
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therefore concluded that some normar individuats have

auto-anti-idiotypic antibodies against anti-DNA antibodies. I¡r a
simi lar br:t less well controlled cese, Koprolvski et al (1984 )

i nvestigated auto-anti-idiotypic antibcdy in patients suffering frcrn

gastrointestinal adenocarcinorna and treated by injection of nonoclonal

antibodies to colorectal carcinorna associated antigen (CCAA). He

found that the patients' sera cr¡uld inhibit. the binding of rabbit
anti-Id antibodies to anti-CAA nonoclonal antibodies. After fr:rther
characterization of the i¡hibitory factor, Koproi,üski crcncluded to the

existence of auto-anti-idiotypic antibodies in the pa.tients' sera

against anti-CCee antibodies .

When we studied the crossreactivity'between hunan and mouse

monoclonal anti-Pl antibodies in chapter rr, we noticed that Lhe

straight sera from nonatopic individuals viro did not have anti-pl
antibodies could bl-ock to a certain extent (i:p to 50%) the binding of

anti-pl Mab to PI. Bearing in mind Jerne's netr¡ork theory that the

interaction between idiotype and anti-idiotlpe consb_ntl1z exists even

without apparent immune response to a certain antigen and that there

can be anti-idiotypic antibodies carrying internal images of foreign

antigen, and being aware of the approaches enployed by Zouali and

Koprowski, it was logical to speculate that the inhibition of the

binding of Pl to Mab caused by hunan sera nright ice due to naturally

occ-urring auto-anti-idiotype antil¡cdies, which bore PI like j¡ternal

images.
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rn ihe present chapter, ihe nature of the inhibition by hunan

sera of the binding of house dust nite (HtÐ4) a.rtigen t¡ ir-s specific
anbibody is investigated. rt is concluded -uhat il^,e i¡hibitorlz effect
is not due to anti-rd antibody or anti-rd carrying norecules, b¿t rLue

to a factor or factors vrith restricted s-oecificity jn a sense tl6t it
only inhibits the binding of anti-HDùr Ag-48 to HDù{ Ag, and that it.
only exists i¡ adult hrt not i¡ neonatal sera.

Materials and Methods

Purification of crude house dust mite antiqen

Crude HDM antigen batch #1 (Beecham phamaceutical Co., Great.

Burgh, UK) was partially purified by gel filtration chrornatography. A

2 x 105 cm Sryhadex G-100 cplumn was equilibrated with boraLe-buffered

sal-ine (BBS, 0.17M borate, 0.1-2M Nacl), pH 8.0; 120 mg of crude HDùl

antigen extract was dissolved jn 4 ml of BBS, centrifuged at 27,000 g

for 30 min at 4"C to remove undissclved material, and then applied to

the column. The sanple was eluted with BBS at a flcn¡¡ rate of 14 ml

per hr . The optical density v¡as rronitored at 280 nm and the eluate
-was collected in 5 ml fractions.

Coupl-ing of IDvt antiqen to paper discs (Ceska I97Z)

Five grains of pa.per discs of 0.6 cm dia.neter (abcut 500 discs per

graln) were prepared frqn Whatman #541 hardened ashless filter paper
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(Whatman Ld., UK), and washed 3 tùr€s with distilled water to rsnove

detached fibnes. Discs were suspended in 125 ml d,istilled water with

vigorous stirring. Five grams of GitBr (Fisher, winnipeg, MB) in r0 ml

of acetonitrile (Fisher, Winniepg, MB) were added, the pH was

maintained at 10-11 for 15 rnin by adding llvl NaOH dro¡:nise, and the

temperature was maintained at about 20"c by oc-casionally adding

pieces of ice. TLre discs r¡ere then washed with crcld 0.05M carbonate

buffer, pH 10 (CB) 5 ti¡res, and resus¡:ended in f00 mt of æ-, 25 ng of

crude HD4 antigen (batch #1) in 25 mf of CB was then added to the disc

suspension. The suspension was stirred vigorously for 30 rnin at røn
temperature, and placed in the cold room with gentle shaking

overnight. Discs were then washed thoroughly with CB, and the

remaining acti¡¡e sites rr,ere blod<ed by overnight inhibition in 150 ml

of 0.2t gelatin in CB. The discs were subseqr:ently washed with

distilled water, tLrf guanadine-[IJL, PBS and assay hrffer (PBS w"ith O.It

BSA, 0.58 Il¡¡een 20), and finally resuspended in assay hrffer.

Radioallergosorbënt inhibition test (RA.ST inhibition) (Ceska L972)

This test was used to determine the antigenic acbivity of HDM

antigen after fractionation by Sçhadex CrI00 chrcrnatography" HDt{

antigen coupled discs were placed in flat bottcm 96-ræ11 tissue

culture plates (Becton-Dickinson, Oxrrard, C¿,); 20 prl of each fraction

was added to each well as inhibitors; and 50 prl of I:10 diluted

pooled serum from HDI{ allergic ¡ntients were subseqr-rently added to

each we1l. After overnight incubation at ræn tenperature, discs were
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s/ashed t0 times with distirted water, and 100 ¡r1 (50,000 qn) of
l25r-Iubeled mouse anti-hurnan (MAH) rgE (ctones Cra/E/7.2 frclrct Dr.

A" Saxon, UCLA, Los Angeles, CA) were added to each rt¡ell" Àfter

another overnight incubation at rocrn tørperature, discs rt¡ere washed

again I0 times with dist.ilted water, suction dried, transferred to

prastic tubes and counted in a gamma counter. sarples iære in

duplicate" Itre backgrow¡d was the rre¿rn qxn of 4 discs incubated r¡/ith

pooled sera from nonatopic donors diluted I:10. Itre percentage

inhibition \€.s calculated as fo1lcrus:

g inhibition = 
Mean cpm of wel-l-s with inhibito¡ - background

x 1009ó

Mean cpm of wel-Is without inhibitor - background

Origin of the hunan sera

Serum samples from HDM allergic or rye grass ¡nllen allergic

patients were obtained from Dr " R. Par¡,e1s (C,ent, Belgiun) " Tkte

patients were selected on the basis of tt¡eir RAST positivity (3 to 4

+) to Dermatophagoides pteronvssius or rye grass poIIen. T\¡,elve

sera from HDM allergic patients were pooled, and subseqr:ently

fractionated by 508 saturated annpnir¡n suþhate precipitation and gel

filtration. Another I0 sera with high titre of anti-HDM IgE and IgG

antibodies ètermined by RIA #2 and SpA assay ruere pooled and r¡sed for

inhibition studies. Nonatopic donors have no history nor slmptcnus of

allergy and are negative in allergen specific IgE and IgG antibodies;

12 such sera were pooled and fractionated; and anott¡er 10 such sera

were pooled and used as background æntrols for tt¡e radioinununoassays.
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cord sera, free of rgG anti-IÐM v;ere a-Lso enpioyed; 12 such cord sera

were ¡rcoJ-ed a-nd fractionated,

rnhibition of the Binding of iIDy entigen to specific lgn zurtibcdies

A radioimmunoassay (RIA #l) r,'as employed to test the inhibitory
effect of sera, fractionated components of sera or control reagents,

on the binding of hunran HDlvl specific or Rlle r specific 196 aniibodies

to their corresponding antigens. Mouse anti-huren rgE 04ab #89 jn

ascitic fluid, prepared in this laboratory) r+as dil-uted 400 ti¡res in
0.0tM carbonate buffer, pH 9.0, and. was used to coat wells of
microtitre plates (Dynatech, Arexandria, vA) at a volune of 250 ¡.rt
per werl-, overnight at room temperature in a humid chamber. The

solutions were then &canted and plates \4iere.blocked with 300 l.r1 per

well of Hankrs solution containing 10u FCS (Gibco, Burrington, oN) for
2 hrs at room temperature. Plates were v.a.shed I0 tinres with pBS and

air dried. Poo]ed sera frcrn HDIvI altergic individuals, frcrn rye grass

pollen allergic individuals, or from nonatopic donors (ivìro l¡ere

negaLíve in serum anti-HDùt or anti-Rye I IgE and fg'G), vëre diluted
1:10 in PBS and added to the wells at a r¡c1u¡re of 250 ¡.rl per we.l-I.

After overnight incubat.ion, pJ-ates were vashed l0 times with pBS¡ 200

Fl, 150,000 cpm of radioiodinated antigen (IlDt'{ antigen purified by

c-100 gel filtration, Pl, or Rye r) and 50 prl of various inhibitors

such as sera, fractionated sera, human myelona rgG, proteins or

dif ferent contror reagents such as Rye r frcr¡ Dr. D. Marsh (Johns

Hopkins University, Bal-timore, MD), Iipcpolysaccharide (LpS) of E.
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cori (Fisher.. ?tinnipeg, MB) , L-o-¡Jrosphatidylcholine (pc, signa,

st. Louis, !to), tetanus toxoicl (T"r, connaught Lú., witrowdal_e, CilT),

crude exLract of house dusL nite D. pteronyssinus, batch #I
(Beecharn Pharmaceuticar co., Great Burgh, tK), high morecular weight

basic allergen (iMBA) fran Kentrrcky brue grass (prepared by Dr. A.K.M.

Ekramoddoull-ah, Unirrersity of i'lanitoba), or hurnan IgE myelcrna protein
(PS), rv!¿ere added to the wells. After overnight incubation, plates

were washed 10 tinres with PBS. Wells were then cut and cr¡unted in the

ganma counter. Samples r'¡ere in duplicate or triplicate. Baci<ground

was t'he mean cpm of 4 Mab arrti-IgE crcated we1ls incubated with l:I0
diluted serum pool frcm nonatopic donors. The percentage j-nhibition

was calculâted as follcn¿s:

å inhibition =
Mean cpm of weffs with inhibitor - background

x 1009ó
Mean cpm of r^rel-Is without inl-ribitor - background

Radioimmunoassay for the detection of anti@
era or serum fractions (referred hereafter as RIA #2)

All the steps rvere the same as descrii:ed in RIA #1 except for the

last incubation, where no inhibitors but 250 ¡.rl of labeled antigen

(about 150,000 cpn) in assay h:ffer was added t¡ each well.

fnhibition of the Binding of pl to Monocronar Anti-pl Antibodies

A radioimmunoassay (RIA #3) was used t-o test the inhibitory

effect of different fractions of sera on the binding of pl to

rnonoclonal anti-p1 antibodies. Microtitre plates lt'ere coated with
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purified anti-Pl Mab at the concentration of L2"5 ¡-tg/rfl in carbonate

buf fer.. After overnight incubation i¡ a hunïid charnbr, the plates

were brocked rvith 150 ¡:l- of Hank's ccntaining tOg rcs, and they.*rere

then washed 10 times 'n¡ith pgs" Tuenty ¡-r1 of different fractions of

human sera or human myeloma rgG as inhibitors along with B0 ¡-r1

(about 200,000 cpm) of radioiodinated Pl in assay b:ffer containing

108 FCS were added to each well. After another overnight incubation,

the wells rlere vashed l0 times with PBS, cut individually arrd oounted.

Samples were in duplicate and the background was the nean çn of 4

wells coai-ed with anti-Rye I Mab #18. The percentage inhibition va.s

calculated as follows:

I inhibition =
Mean cpm of wefls with inhibitor - background

x 1009ó
Mean cpm of wei-l-s without inhibitor - background

Protein A assay (SpA assay)

This assay was employed to test the inhibit.ory effect of

fractionated human sera on the binding of lÐi'l antigen or Rye r by

t.heir respective specif ic rgG antibodies. rt vns al_so used to

determine the level of IgG anti-Fil¡t antibodies i¡ the sera or j-rr the

fractionated seruin components. TVenty ¡-rt of a suspension of protein

A-Sepharose O,4B bead (SpA 48, Phamacia, {Jppsala, Sweden) in PBS (1

volume of packed beads: I volume of pBS) \Álere mixed j-n 1"5 mI

Eppendorf centrifuge tubes (tsrinlçmann Instrunents, Rexda1e, ON) with

25 ¡-tl of the foll-owing sampJ-es depending on t-lre assay: pcoled hurrËn

sera diluted 1:10 from 10 IID\4 alJ-ergic pe.tients with high fgG anti-HDy
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tiire; pooled sera diluted r:i0 frcn 10 rye gress pctlen ar_Lergic

patients va-eh high rgG titre anti-Rye r; pccl_ec sera diluted l:10 frqn
10 nonaiopic donors v¿ithout deiectable arlergen specific rgG. The

tubes lvere shaken or¡ernight at rccm tsnperatu-re, and 25 ¡-r1 of hr¡ran

rgG myeloma protein at 6 mg/ml was added io each tube to saturate tl¡e

binding site of protein A. After 3 hrs sha.king at rocrn tenperature,
the beads were washed with I ml assay buffer; 25 ¡tL of various

inhibitors \^/ere added to each tube arong with 25 p,r (about 40,000

cpm) of the corresponding radiolabeled allergen. When the assay was

used to determine the allergen specific IgG Ievel, no inhibitor but

only radiolabeled allergen vas added. The tubes were again i¡cubated

overnight' at room temperature with constant shaking. Beads lçere

subsequently vashed 3 times with assay hrffer, and tubes were croun.l-ed

in a ganma counter. samples \^rere in dupticate or tripricate.
Background was the mean cpm of 4 tubes incubated with sera fron
nonatopic donors diluted r:10. The percentage inhibition \ras

calculated as follcx¡rs:

I inhibition : Mean cpm of samples with inhibitor _ background
x 1009ó

Mean cpm of samples wil-hout inhibitor _ baclcground

Radioiodination of proteins

HDM antigen purified by gel filtration, p1, Rye I, or

anti-human rgE l4ab was radioiodinated as descriH in chapter rr.
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Preparation of HD4 antigen inrnunosorbent (A:<en Lg67 )

Sepharose 4B-CL was washed in a 15 mI sintered fur¡nel with I0
volumes of distilled water and then washed with 3 voh¡res of 2,f

Narc0r. The beads were resuspended in a beaker to 50t
vorume/volume with 2M NacO, and stirred constantly. n: the fr¡re

hood , I/I0 volume of I g/rù OIBr in Wrttdimethyl foramide r^¡as added

srowry to the sh:rry, and ttre stirring was continued for r05 sec. The

beads were reshed innediately, first \^rith 5 voh¡res of crcld distitled
water, and then Ì^rith 3 t¡oh¡res of crcld oor-rpling hrffer (lM NaCl with

0"IM NarCOr, pH 8"5). The activated beads rære dried to a soft
cake " The partially prrified HIIr,l antigen was dissof\¡ed in corpling

buf fer at 1 mg/ml. The activated beads rtere nixed with an egual

volume of antigen in cror-pling solution" Ihe mixture was rotated at

room temperature for I hr and tLren at 4oC overnight. T\rrc rrch¡res of

IM monoethanolamine eras added to ûre mixture, and ttre tube was ro-tated

again for 4 hr at rocnr tenperature to blod< the rsnaining active sites

of the beads" Finally, the beads r+ere wasled thoror,rghly $¡ith 0.Ltvf

glycine-Hc1, pH 3.0, tt€n \.¡ith PBS in the sintered fix¡nel and stored

in PBS at 4"C. The crctpling efficiency was 718, and tlrerefore 0.7 mg

of partially purif ied HDM antigen was corpled to I mt of packed

Sepharose 48 CL beads. This immunosorbent is designated as HDùl

antigen-48.
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(Johnstone

Sepharose CL-48 was washed with 10 voiu,res of double distiiled
water (DDW) in the sintered fi:nnel, suspended in quaf volurre of DÐW

and stirred vigorously in the furre hood; 60 ¡.r1 of 50? (weight/rplure)

cNBr (Fisher, winnipeg, MB) in acetonitrile per r mr of ¡ncked gel raras

added to the gel sIi:rry. The srurry was stirred oonstantry, and the

pH was maintained between 10-11 for 20 min by adding 2r4 NaOH dro¡xise.
After the activation, the gel was vcashed innediately with cold 0.05M

carbonate buffer, pH r0 (cB), and dried to a soft cake. Ten mg of
rabbit anti-human-rgA (Dalco, ccpenhagen, Denrnark) or rl mg of rabbit
anti-human rg}4 (Dako, copenhagen, Denrnark) in 2 ml of cB vas mixed

with 1 ml of packed activat.ed gels, and the mixturo-s were stirred
overnight at 4"C. The gels were suction dried, resuspended in 2 ml

of CB containing 10U BSA, and stirred for 3 hr at roan ternperature.

The gels v¡ere then washed successively with ræ.ter, 4tr{ guanadine-}Cl

and PBS. To determine the coupling efficiencyr the o.D. and the

volume of the antibody solutions before and after cor:,oling were

measured. The cor.:pling efficiency of anti-IgA r,;as 93.62, and that of

anLi-rgM 972, therefore, 9.36 mg of anti-rgA or r0"7 mg of anti-rgM

\./as coupred to I ml of packed ger. T\ænty mg of the gamna globurin

fraction from an allergic ¡ntient serum containing high titre of IgG

anti-Pl antibody iaa,s cortroled to 2 mI of sqrharose cL-48 beads by using

the sane procedure"
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Af f inity chrcnratography

The HDI{ antigen specific antibodies in tlæ pooled sera frcrn 12

HDM allergic patients r^¡ere absorbed on HD${-antigen crcr-p1ed Sepharose

CL-48 (HD${ antigen-4B)" Trrenty mI of pooled sera were mixed with 2 mI

(packed volume ) of HDS{ antigen-4B in a tube and the tr:be was rotated

overnight at 4"C. The i¡nnr:nosorbent r€s rec-overed by filtering the

mixture through a sintered funnel, washed \.¡ith PBS follcræd by 0.1M

glycine-HC1, pH 3.0 and equilibrated with PBS. Itæ regenerated HDlf

antigen-4B was added back to the filtrate and tlre wtrole cycle was

repeated 3 times in total. The final filtrate was subseqræntly

fractionated. For control, 20 mI of pooled sera frcrn 12 nonatopic

donors were absorbed with HD4-antigen-4B in parallel with the pool of

atopic sera.

Peak I of different serum pools (refer to p.165 and Fig. 3) were

absorbed with anti-human IgA coupled-Sqharose 48 (anti-IgA-48),

anti-hr¡na¡ IgM æLp1ed Sçharose 48 (anti-Igrttt-48), protein A-Sepharose

48 (SpA-48) and eSA ætpled Sepharose 48 (BSA-4B). One r¡oh¡ne (0.3

mI ) of Peak I was nixed with I rrch¡ne of packed irmnunosorbent gel in a

test tube and the mixture was rotated overnight at 4oC" The ge1 and

the filtrate rtere se[>arated by a minicrch¡nn rnade of a Pasteur pipette

and the filtrates were collected. The gels r¡¡ere washed with 20

volumes of PBS, and eluted with I voh¡re of O.IM, glycine-IC1' pH 3.0.

The eluates v¡ere neutralized irwrediately with 20 prl of IM Tris-[Cl'

pH 7.6.



-15s-

Fractionation of serun çcols

Twenty ml of pooJ-ed serum from IIDM al-lergic or nonallergic

donors t oY from cord se.ra, were diluted with an equal volu,re of pBS.

Fort'y ml of saturate<f a¡nnonium sulphate, pH 7.2.. was added dro¡xvise to
the sample whil-e the sample ltas being stirred over a period of 4 hrs

at room temperature. The nrixture was centrifuged at 10,000 g at rocrn

temperature for 20 min. The petlet was dissohæd in pBS to a vclurre

of 40 ml" Another 40 ml- of saturated arrnonium sulphate uas added

dropwise to Lhe solution over a ,oeriod of 2 hrs while the solution vas

being stirred. The mixture was centrifuged at 10,000 g at roorn

temperature for 30 min. The petlet r,as dissolved in 10 ml_ pBS, â¡¡d

dialysed against PBS in d.ialysis tubing with noI.wt. cutoff IZ-L4

kilodal-tons (spectrum Medicar rndustries Tnc., r.os Angeres, cA). The

solution was then concentrated to a volume of l0 mr in Arnicon

urtrafilters wittr yM5 nembrane (Amicon, Danvers, MA; npr.wt. cutoff
5 

' 000 ) . This protein preparation was fractionated by filtration
through a 2.5 x 90 cm Ultrogel AcA 34 (tKB, Brcrnna, Swed.en) crclumn

equilibrated with pBS. The flow rate was 20 ml per lrr, and the

fraction size was 60 drops (about. 3 ml) per tube. The cptical density

of the fractions i,'¡as npnitored at 280 nm"
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Results

Purification of HDûf antigen

Crude HDM antigen, batch #1, was purified by filtration through a

Sephadex G-100 column and the fractions rrere tested in the RAST

inhibition assay. ETactions 43-70 sLsæd strong inhibition (60-95t);

there was no correlation with the protein concentration of the

fractions (Fig" l) and their i¡hibiting activity. Threse fractions

were pooled, and radiolabeled"

Specificity of RIA #1 and SpA assav in PI or HIt'l antigen systsn

rn the RrA #1, the binding of l25r-pl to specific rge æuld be

inhibit.ed (898) by I Vq/mL of HDM antigen, hrt not by urrelated

antigen such as HI{BA or TI used at similar ooncer¡tration (Tab1e I)"

The binding of 125r-"oo¡ antigen to specific rgE oould be inhibited

(90.8S) by 2 pg/ml of HDM antigen' hrt not by TT, RYe I, [S{BA, LPS

etc . at the sane ænc.entration (Table 2 ) " It was also observed that a

large excess of hr¡nan IgE PS had no inhibitory effect on RIA #1. In

the SpA assay the binding of l25r-niot antigen by specific rgG

antibody could be inhibited (93.38) by 3"3 gg/ml of HDù{ antigen, hrt

not by Rye I on hr¡nan myelcrna IgG (2mg/ÍtJ-) (Table 2). Therefore' the

RTA #1 and Lhe SpA assay were considered to be specific.



cc,

-167 -

O.D.28Onm

RAST lnhibition

RAST lnhibitition
1 00%

60 70

Fraction

Figure 1: Fractionation of HDM crude extract by ge1 filtration on
Sephadex c-100.

The antigenic activity of the fractions was tested by RAST
inhibition " l4aximum c¡rn bound in the absence of inhibitor
was 2rI00 c¡xn, the i:acJ<ground was 370 cpn.

FYactions between aïro\^¡s were pooled.
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Table 1. specificity of the RrÀ #l for the Detection of

Antiitcdies

IgE Ànti-pl

Inhibitor (final concentration) qpn Bound ? Inhibition

rMBA

TI

IgE PS

FIDY Ag (Batch #1)

2 Vg/roJ-

5 U/nL

I Vg/nt

I Vg^r,L

0.25 Vg/rûI

0. 06 Lrglml

25,538

25,375

23 t049

2,734

6,452

26,097

24,662

0

0

6.s

B9

72.8

0

0

Background 891

The data are the nean values of duplicate determinations.
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Table 2a" specificity or-' the RrA #l for the Detection of
¡\ntibodies

fgE Anti-HDrY

Inhibitor Final Concentration Inhibition (B) çn1sn

PBS

Huinan Myelata IgG

Crude HDlvl Antigen

Rye I

PS rgE

LPS

IMBA

TT

0

0

90"8

0

5.5

0

2

2

3,275 t 542

I.2 mg/nù

2 gg/rol

2 Vg/rnl

400 ng/ilú,

20 p\g/nl

2 Vg/t''L

5 U/nI

Background 309

Tabl-e 2b. specificity of the RrA for the Detection of rgG AnLi-rÐM
Antibodies (SpA Assay)

Inhibitor Final Concentration Inhibition (3) cgn t SO

PBS

Hurnn l.{yelonn IgG

Crude HDlvl AnLigen

D:¡a Tr\-YU ¡

I,376 ! 82

2 mg/nt

3.3 ¡;g/rnl

3.3 ¡-rglnÌf

0

01 ?

Backg'round 874

The data are the r¡ean values of dupticate determinations.
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usinq tr5i-fDt{ antisen

A series of dilutions of crucle FIDùI antigen (batch çJ-) uere used

as inhibitors to tesL the sqnsitivity of RrA #t and spA assay using
l rq*--r-HDM as an antigen. The results are shcv¡n in Figrure 2. The

inhibition was dose-depenoent; 200 ng/ntt of crude lilx,{ antigen gave

90.88 and 932 inhibition in the RIA #I and the SpA assay,
respecLively. A 503 inhibition i¡ RIA #1 was caused by 62 ng/nl of
crude FÐtvt antigen, and in SpA assay by 64 ng/il1i-.

rnhibition human sera of the bindin of PI or f to their

Nine sera from adurt nonatopic donors and r0 ærd sera were

tested for their jnhibitory effect on the binding of pl to pI specific
IgE as indicated in t4aterial_s and Methods (RIA #1). The results are

shoivn in Table 3. The sera fror¡ adul-t nonatopic donors caused 3.4 to
462 inhibition with nean r lsD of z3.g t L3.zz, while the cord sera

caused only 0-14.8U inhibition with mean t tSD of 4.0 t 6.22.

Variance analysis of these results, after angular transforrnation of
the data showed that the difference of inhibition betiveen adult and

cord sera was highly significant (p < 0.0f)"

Four sera frotn nonatopic donors and 3 ocrd sera were Lested foi:

their inhibitory effect on the binding of Rye r to rgE anti-Rye r
antibodies " The resurts, in Tabre 4 indicate the absence of

significant inhibition" Ccn¡:aring the inhibitory effect of the 4 sera
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æ RtA #1
A--.å SPA assay

c
.9
.=
€cc

1ûC%

50%

3.2 12.5 5.0 200 ns HDM Ag.

Figmre 2: Sensitivity of radioimmunoassay for ilre detection of theinhibitory_".fftg6 of hunnn seru* fractions on the bindingof fgE or IgG to -'-I-FÐùf.

For RrA #I, the maxi-mum binding (3,594 c¡nr) rras determinedby using 0.12 mg of hun'an myerrrta rgG as an i¡hibitor, andthe background was 309 cpn; for the spA assay, the-rraximunbinding (2,4L9 cpm) was determin.å uy *ing 0.t2 mg ofhuman myeloma rgG as an inhibitor, and. ir,e naõicEround was
874 cpn.



Table 3. Inhibition
Antibcdies

-L72-

by Hw"an Sera cf the Binding of pl Specific IgE

S^gwn ctr)ln Ecund 3 Inhibition

Nonatopic

R4B

R63

R60

M35

N1

N2

N3

N4

N6

1l,2lB

lI,I45

6 tB26

9 t366

9,342

9 t507

B t646

o 1(o

B, g8g

3"4

3.4

46.0

26.7

26.8

25.6

28.3

25.7

29.6

Cord

c52

LfJ

c54

c57

c59

c60

c61

\-o ¿

c64

C6B

ll ,738

12,528

10,910

11 ,020

13 ,096

13 ,571

13,786

13 ,334

L2,256

L3,049

8.2

1.9

14.6

14. B

0

0

0

0

0

0

Assay buffer
FCS
Background

17,358
L2,76L

)v¿

Sanples çvere tested in duplicate.
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Tabre 4. rnfluence of Hunan sera on the Bj¡rding of Rye r specifj_c rgn

Antibcdies

_aærum c¡xn Bound % Inhibition

Nonatopic

N6

NI

N2

N3

4,gBB

4ß45

4,L20

4,976

0

8.6

6.9

0

Cord

3,97r

4t520

4,792

I0.3

0

0

c52

c53

c54

Assay b:ffer

FCS

Rye I 200 ng

4/308

4,427

1,018

3

0

77

Background 165

a_'lvÊnry ul- ot serum was

}\
"Arnount of Rye I added

added to a læll.

to a well.
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from the nonatopic adults cs'r the binding of PI-IgE anti-P1 versus RIA

#I-Ign anti-Rye I by paired student t test (after sqr:are root

transformations of the percentages ), the difference was statisticatly
significant (P < 0"05)" These resurts suggested the presence in

adult but not in cord sera of an inhibitory factor(s) specifically

inhibiting the bi¡ding of IgE anti-Pl to PI.

PI specific antibodies in Peak I and Peak II
Pooled human sera frcrn allergic and nonallergic adults or frcrn

cord blood v¡ere precipitated by 508 saturated arn¡cnir:rn sulphate and

Lhen fractionated on a AcA 34 coh¡rn chrcrnatography as de-scribed in

Materials and Methods. In some e:çerirents, the pooled sera were

first adsorbed on HDùl antigen-4B prior to being fractionated. AIL the

profiles were \¡ery similar; Figrure 3 slrows a tlpical. experirent. T\À¡c

distinct peaks were obtained" FTactions 4I to 5l raere pooled and

designated as Peak It and fractions 85 to 105 were pooledand

designated as Peak II" Each peak was cÐncentrated by ultrafiltration;
the protein conc-entration was neasured ac.crcrding to lø¡rry (195I), and

was adjusted to 6 mg/ml. The presenc-e of HDM IgE and IgG antibodies

in Peak I and Peak II was tested with RIA #2 and SpA assay. Tfle

results are given in Table 5. It is obvior:s that neither Peak I nor

Peak II, pregnred frcrn sennn pool of atopic or nonatopic donors, after

adsorption with HDù{ antigen-4B contained IgE on IgG anti-HD"I antibody.

The Peaks I and II frcm atopic serum pool without absorption on HDU

antigen-4e crcntained IgE and IgG a¡rti-Pl antibodies with the rnajority

of the antibodies being detected in Peak II.
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Peak I Peak ll

Fractionat ion
filtration on an

of nonatopic adult serum
AcA 34 column.

Figiure 3: pool by gel
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Table 5. rgE and rgG Anti-HD{ Antibodies j¡ peak r and peak rr frqn
Different Serum pcols

FRACTION TESTED ORTGIN OF SERUM POOL IgE ANIIÐDIESA IgG A}TIIÐDIE

_ _b
Serum pool

Peak Ic

Peak I frcrn ¡rcol
aborbed cn
HDvl-Sepharose-48

Peak II

Peak II from pool
absorbed on
Sq>harose-48

Normal donors
HDf,4 al-lergic patients

Nornral donors
HDll allergic ¡ntients

Normal donors
IIDM al-lergic ¡ntients

lüornnl donors
tD]4 allergic ¡ntients

Normal donors
IDY al-Iergic patients

280
4,086

236
1,178

97
10s

236
3 t756

36
46

77I
3,280

923
348

472
504

929
4,4r5

522
574

LResults are
antibodies;

Ìap^
berum pool_s

c_
Peal<s -L and

o<pressed in cpn of 1251-rnnt Ag bound to rgE or rgG
mean values of triplicate Ceterminations.

were tested at the dilution of L/20.

II contained 6 mg protein/rnJ-.
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rnhibitory ef fecl of peak r and pea,k rr on the bindi of hunan FIDÀ4

specific a¡tiboCv to 125I-iD.4 antiqen or 1251-pf

The inhibitory effect of peak I and peaj< II r^a.s first tested on

the binding of rgE-anti-HD4 antibcdies to l25t-m+.r antiEen" peak i
from HDM antigen-4B absorbed atlergic serum pool (AASP) and iDï
antigen-48 absorbed nonallergic serum pool (Alisp) could inhibit the

binding of human rgE antibodies to 125a-"o* antigen by 60? and

54.2?, respectively. The inhibition was dose-dependent (Fig.4). As a

control, hurnan myelcrna IgG with or without similar aborption with H¡¡1I

antigen-48 had no i¡hibitory effect even wLren used at a concentration

of L.2 mg/ml. Peak II frcrn either AASP or ANSp did not inhibit the

binding of IIDM antigen specif ic rgE to l25r-rnu antigen. similar
resurts v¡ere obtained with peaks r and rr from HDM antigen-4B

unabsorbed nonallergic serum pool (UNSP). Indeed, as shown j¡ table

6, Peak r inhibited in a dose-dependent rnanner the binding of rgE

antibodies to 125r-not antigen, vùrile peak rr or hunan myerona rgG

employed at the same concentrat.ions had no inhibitory effect.
Identical results were obtained if purified pl antigen was used

instead of HDM antigen (Fig.5). Peal< I (at 0.6 mg/nl-) inhibited 402

of the bind.ing of specific rgE to 125t-pr, wirile poak rr at the same

concentrat.ion gave only I9S i¡hibition (Fig.5). This difference !{as

statistically significant as assessed by paired student t test
(P<0.05 ) .
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@Allerglc s€rum pool @Nonallerglc serum poot ÄHuman myeloma lgc

0. r 5 0.3 0.0 r.2
Proleln concontratlon (mg/ml)

0.15 0.3 0.€ 1.2

Proteln concenlrallon (mg/ml)

Figure 4: Inhibition of the binding activity of IgE anti-HDl4
antibodies by Peak f and Peak II of the serum pool of
nonallergic or allergic donors.

Serum pools rære absorbed or¡ HD{ Ag-48 before fractionating
into Peak I and II.

Ihe sanples l.iere tested in triplicate.

The protein concentrations correspond to final-
cYoncentrations.

The maximum binding was 41227 qni the background was 238

cpm. Similar results were observed three ti¡res.
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ano l,eaK II rr()n

orr Ìjre Bi.,rding of

tire seruma

IgE AnLibodies

Peak I

Dcnors

Irhibitor c4m Bcuncl ?Inhibition

Peai< I L.2 ng/rotb
0.6 rW/mI
0.3 mg/nù
0.15 nrg,hf

c
2,559
3 ,306
3,372
3 t660

25.8
L9.2
15.5

8.3

Peak II L"2 mg,/ml
0.6 ng/ï,I
0. 3 tcg/nlJ-
0.I5 mq,/nù

3 t796
3 tBTL
3 t92I
4,L56

4.8
3"0
1.8

0

Hurnan fgG Myelonia -l)

0.6
0.3
0"15

mg/rr''L
mg/rnl
mg/nI
mg/rlJ-

3,863
4,L70
3,876
3,922

3.2
0

2.8
L.7

3 t9B9

Background 238

tth. 
="ru* 1:ool vras not abaorbed on FILÐ4-AE-48.

b_.-Final concentration.
tM*r, of tri.olicate determinations.
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NCI¡üALLERG¡C
PEAK I

NOT.üALLERGIC
PEAK TT

MYELOMA lsG

4 Oa/o

!ru Ë-{ [ts tTtoN

INHIBITORS COhüCENTRAT!öN: 0.6 rng/rnl

Figure 5: rnhibition of the binding activity of rgE anti-HDMantibodies by peak r and peak rr õr tne ãero* poor of
nonallergic donors.

rn this experiment, the-,qÊrurn poor had not been aborbed
with fnyl-Sepharose-48, and 'o-I-pl was enployed.

The samples were tested in triplicate; the finar
concentrations of inhibiiors are indicated"

The maximum binding was 7,305 cpm; the backgror:nd was
1,443 q>n.
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The experiments sunnarized in Table 7 clearly indicated that peak

I from AASP and ANSP could inhibit ttre binding of specific IgG to
125r-"ot antigen by 51.7& and 56.3g, respectiriery, and that the

inhibition was dose-dependent. Sr contrast, peak II frcrn either AASp

or ANSPr âs ræI1 as myelona IgG (absorbed with HDM antigen-4B) had no

inhibitory effect. when 125r-nt 
was arployed instead of the crude

HDl4 antigêD r the inhibitory ¡nttern of Peak I and II (Table 8) was

similar. peaks I and II frcrn crcrd sennn pool r+ere also tested in

tåis assay, but none of Lhe peaks had inhibitory effect.

These results suggested that the sennn of both al_Iergic and

nonallergic individuals oontained factor(s) capabte of inhibitinq the

binding of PI to IgE and fgG anti-P1 antibodies. These factors r+ere

eluted in the void volume of an AcA 34 crcfu¡r¡r, and they urere not

detected in cr¡rd blood sera.

Peak t and peak tl inhibit the bindinq of ¡,tab to 125l-pl

Peak I and II frcm INSP or crcrd sen¡n pool were tested for their

inhibitory effect. on the binding of labeled Pl to anti-Pl !fa.b as

described in Uaterials and ¡iþthods (RIA #3) (Tab1e 9). The binding of
125r-nt to 6 out of 9 clones of lr[ab cr¡u1d be inhibited by Peak r

from HDt"l antigen-4B unabsorbed nonatopic sen:rn pool (UNSP), with

inhibitions ranging from 20 to 66t. The inhibition was

dose-dependent. Peak II fron ul{SP, Peak I frcxn cord sera or Peak II

from cord sera gave little inhibition (0.148) , if any. It r,ras
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Table 7. Influence of Pea]-, I and peak

Binding of IgG Antibodies to

II of Serum Poolsa on the
1)qt-" 

I-HtrV

Origin of the
Serum Pool

Inhibitor c4m Bound
Background

9¿Inhibition

E[Ð4 Al-]-ergic Donors Peak

Peak

I"2 mg/nl
0.6 mglnù

L"2 mg/nl
0.6 mq^ù

C
1,094
1,484

2 tL04
2,352

51 "7AA É

7.L
0

II

Nonallergic Dcx-rors L"2 mg/nL
0.6 mg/nt

L.2 mg/nl
0.6 mg/nl

Pea,k

Peak

I

II

990
1,401

2,2L4
2,288

s6.3
38.1

))
0

Hrrnan IgG Mleloma L"2 mg/il1l-
0"6 nrglml

2,4L0
2,372

0
0

2 t265

Baclcground 853

a_*Serum pools v,;ere absorbed with FÐùl Ag-48 before fractionating into
Peak I and II"

b_."Final concenLrat.ion.

tlr1" r, of triplicate determinations.
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Tabre B" rnhibitory Effect of peak r and peak rr on the Binding of pl

Specific rgG to 125r-nl

rnhibitor (L.2 mg/nr)a qm Eoun<l-Background å rnhibition

Peak r - frcrn allergic serun TrBBBb 19.0
¡no1 absorbed with
HDr4 antigen-48

Peak fI - frcrn allergic seruln IL,4g5
pool absorbed wii'h
HDY antigen-4B

Peak I - frcrn nonatopic serutl 7,II9 26.9
pocl

Peal< II - fron nonatopic serum 10,557
pool

Peak I - frcxn cord blood serum pool 91950

Peak II - fror co::d blood serum pool 10,180

9,733

Background I,823

-¡'io.l concentration.
b*

ea,'r of triplicate determinations.
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concluded that adult sera but not crcrd sera crcntained a factor(s)

which courd inhibit binding of nosr anti-pl lhb to 125r-nr, 
and that

like in the human antibody system, the inhibitory factor(s) r^¿s

Iocated i-n peak I"

Specificity of the inhibition bv peak I
Peaks r frcn AA.SP, AI{sp, HDM Ag-48 r:nabsorbed arrergic serun pool

(UASP)' or UNSP which had a inhibitory effect on ttæ binding of HDtr{

antigen or Pl to specific antibodies ræie tested in S¡e r and anti-Rye

I system for the specificity of the i¡hibition. It was shcn¡n that

none of these Peaks had inhibitory effect on the binding of hr-unan IgE

or IgG anti-Rye I Lo l25r-*y" I (Tables IOa and lOb). ftwas

Lherefore concluded that the inhibitory effect of Peaks frcrn AA.SP,

AIISP, [-ASP on ttISP at least had sone restricted specificity.

Noni¡rmunoqloibulin nature of the inhibitorv factor(s)

Peaks I of AASP and Al.lSP, wtrich æntained i¡hibiting activity,
\{ere absorbed on anti-Iglrl-48, anti-IgA-4B, anti-IgM-4B follcnied by

anti-IgA-4B, SpA-48. Absorptions w"ith BSA-48 served as a oontrol.

The filtrates a¡rd eluates rære tested for tteir inhibiting activity on

IgE anti-HDl4. The results in Table II indicated that after the

removal of either IgM, IgA, IgM ph:s IgA, or rncst of IgG subclasses,

Peak I could still give 38.6-49.38 inhibition vfiich was not different

from that (46-46.3t) of Peak I absorbed with NA-4B" The eluates,

which æntained IgM, IgA, or nu¡st subclasses of IgG, had no inhibitory
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Table lOa" Tnfl"uence on peak I on ihe Binding of Rlze I Specifíc IgE
Lo IL) I-R.ze T

Table l0b. rnflyç:nce of Peak I on the Binding'of Rye I Specific fgG
Lo I L) r-R]¡e I

Lnhibiccr Finar cc,ncentration rnhibiiion(B) cpn t sD

PBS 0 4,232!37

Humn myeløra IgG I.2 mg/n1J- 0

Rye I 2 ¡tg/roJ- 77.6

Allergic FÐù{ antigen- L.2 mg/nl 0
4B absorbed Peak I

Nonallergic HD,I I.2 mg/n\ 0
antigen-48
absorbed Peak I

Allergic nonabsorbed L.2 mg/nl 0
Peak I

Nonallergic L.2 mg/nl 0
nonabsorbed Peal< I

nrhibitor Final Concentration Inhibition(%) c¡xn r SD

PBS 0 10,108tI12

Hunan myelona IgG 2 mg/nl 2.8

Rye I 3 "3 pg/nú, 75.0

AJ-Iergic HDvI antigen- 2 *g/tti- 3. 3
48 absorbed PedK I

Nonallergic HDY 2 mg/rù 10.6
ani:igen-48
absorbed Peal< Ì

Allergic nonabsorbed 2 mg/m\ 0
Peal., I

Nonallergic 2 mg/nl 2.3
nonabsorbed Pealc I
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effect, neither had Lhe eluares frsn BA-48. peak r frqn rr.lsp rnas

alsc absorbed with various irnmurosorbeni= and -.he inhibitorlz effect of
filtrates and el-uaL.es are sho'nm in Figure 6. The results.¡jere simiiar
to those of Peak r fron AASP and ÄNSP. After tlie rsnoval of IgM p]-rrs

rgA by absorption on anti-rgM-48 folrowed by ant.i-rgA-48, or nost
subcl-asses of rgG by spA-48, peak r from IIJSp still gave 20-262

inhibition, which was in the same range (2oz) caused by peak r
absorbed with 6A-48. None of the eluates crcntaining either rgM, r9A,

or IgG gave any inhibition. These results indicated that the

inhibitory factor(s), v¡hich cou1d inhibit the binding of HDr{ antigen

to its specific antibodíès, in the peak r of adult sera vas not an

inununogloh-r1in.

Further characterization of the inhibito factor(s)

I of adult sera

In ord.er to further examine the characteristics of inhibitory
factor(s) in the adult sera, the Peak I frcrn u,{Sp'was absorbed with

Sepharose CL-48 coupled with the gamma globulin fraction of serum

containing high levels of anti-HDtt ant.ibodies"

rt was found that after. absorpt.ion peak r still inhibited the

binding of rgE anti-HDV to ltrÈ.{ by 35s. This inhibition $ãs cìcrnparable

to that of the nonabsorbed peak r (4r"5 t 168; Table l2). To exclude

the possibility that the ca.oacity of anti-[ÐÈ"t antibody-48 was not high

enough, Pr specif-ic Mab A2.3/r9L was coupred to Affi-gel r0 (refer to
Chapter fV), and i.^¡as used to absorb the peak f frcr¡ LNSP.
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50% tNHtBtTtoN

BEFORE ABSORPTION

ABSORB WITH BSA-48

ABSORB W|THctsM-4B
FOLLOWED EYalgA-48

ABSORB WITH SPA-48

ELUATE FROM BSA-48

ELUATE FROM
algM-48

ELUATE FROM
a I gA-48

ELUATE FROM
SPA -4 B

Figärre 6: rnfruence of absorptíon of peaj< r with differen.t
immunosofÅent.s on its inhibiting activity on the
binding of '-"1-lol,l to fge antibodies.

Peak I was derived frcx-n a serum pool of nonallergic donors.

The samples were tested in triplicate.

The protein concentration of peak f before absorption was 6
mg/YlJ-"

The maximum binding (3,900 c¡xn) ivas determined by using 6
mg/ml hurran myelorna fgG as an inhibitor; the background was
237 cpn.
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Table 12. rnfluence of Absorption of Peak r with Anti-Ðil,l Antibodies

on iLs rnhibiting Activity on rgE anti-pl- Antibodies

rnhibitor (final concentration) f-pl Bound to ? rnhibition
0.6 mg/ml fgE Antibodies nean t ISD

Htman IgG Myeloira 6,818 ! 2404 g.B t 3

Peal< I 4t873 t L23 41.5 t 1.6

Peak r absorbed with HD\,I Ag-48 4t626 r 104 45.3 t l_.4

Peak r absorbed with anti-HtÐ4 Ab-48 5,261 r 58 35 t 0.1

Backgrourrd L,443 r 159

0? Inhibition (PBS as an i¡hibitor ) 7 t35O ! 2ZB

fo*n t ISD.

The sampres were tested in duplicate. The immunosorbents were

prepared as described in Materials and ryethods. peak r was fron a
serum pool of nonallergic donors.
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The filtrate and elr;¿ls were'.ested for their abilitlr to block iåe
t r(binding of -o'f -Pl to A2 "3/Lgl anti-pl t4ab" The results in Table

13, show that Feak I after absorption with anti-pl ¡4ab lgl-Affi-gel
gave similar inhibition ß6"42) as before absorption (32.8g), wirile

the eluate from 191-Aff i-gel had rittle inhibitory effecL o.2Ð.
Peak I was also absorbed with HDM antigen-4B to o<anrine if the

inhibitor could bind to the antigen; as shown in Table 12, the

inhibitory effect could not be removed.. Therefore, it crculd not be

concluded that the inhibitory effect of the factor(s) in the adult

serum on the binding of tDùl antigen or P1 to Lheir specific antibodies

was idiotype or epitope-ryecif ic.

Discussion

rn the previous chapter, it was shown that a serum pool frcm

nonatopic donors could cause up t-o 508 inhibition of the binding of pl

specific Mab to Pr (Table 14, chapter rr). This ted to the present

study wit.h a view to exa,nine the possibility that this inhibition was

due to the presence of anti-idiotypic antiÌ:ody against pt specific

antibody. When individual sera vËre tested, it vas found that. nost of

t.he nonatopic ad.ult sera (7 out of 9) had jnhibitory effect on the

bindinE of hun'an Pl specific IgE to Pl, while none of the t0 cord sera

tested had any substant.ial inhibitory effect. The difference vES

stat.istically highly significant. This suggested that the factor(s)
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Tabre 13 " rnfiuence cf z\bsorption of peak r v¿ith À:rti-pl MË.b on its
rnhibiting Activity on the Binding of 125r-pl to Arìti-pl

ÞIab

Inhibitor 3 Inhibition (rnean t lSD)

HDY antigen, batch #1 (1 mg/rnl)

Hunan IgG myelorna (1.5 mg/ml)

100.0 t 0

2"5 t 0.8

Peak r (1.5 mglmI)a 32.8 t 2

Peak I absorbed with t9l-Affib 36.4 t 1.3

Eluate from l9l-Affi 7.2 t 0"7

0% Inhibition (PRS as an inhibitor ) 5,L82 t 415 cpxnc

Background 202 t 25 cgn

apeat I was frcm a pool of norrnal serum.

btgf-offi: Affi-gel 10 coupled wii:h pl specific l4ab clone Ð..3/LgL.
cc¡m of 125r-nl bound to lcab A2"3/LIL coqpled to solid-phase.
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interfering with Lhe binding of anti-Pl to Pl irr the adult sera did

not exist in bhe cord sera. fn order Lo e<arnine tlæ specificity of

the inhibition, the individual sera were tested in an inrelated

antibody and ant.igen sys-uem. I-u vças sho-wn that the nonatcpic adul-t

sera åid not interfere i'¡ith the binding of hurmn anti-p.ye r rgE to Rye

It indicating thal the factor(s) in the sera had. certain specificity
in its inhibitory effect.

rt would be i¡teresting to Jmow if the inhibitory factor i¡âs al_so

existing in adult sera of HDù,I all-ergic individuals, and to understand

the biochemical nature of the factor(s). The IIDM allergic adult sera

were pooled and absorbed with HDY anbigen-4B i¡rmunosorbents to rsnove

HDM antigen specific antibody, which otherwise wourd cause

interference in the RIA by c.cxrpeting with the a.rti-HDù{ antibody on the

solid phase to bind radiol-abeled a-ntigen. After absorptions, the

specific antibodies were efficiently renoved. rndeed, rgE or rgG

anti-HDM antibodies could not be detected in Peak I or Pealc II

obtained fron the absorbed serum pool (Table 5). The serum pools were

fractionated into Peak I and II by AcA 34 gel filtration

chromatography. Peak I rvas eluted in the void voluire, so the

molecular weight of the protein n¡clecules i-n Peaj( I v¿as rore than 350

KD. Ouchterlony analysis showed 'Lhat Peak I conbained rnainly IgM,

plus some IgA and IgG, while Peak II contained nainly IgG (data not

shown). The IgG in Peak I was probably rnade of aggregates.
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Peak I from both allergic and nonallergic serum pool absorbed

with HDM antigen-4B inhibited the binding of specific IgE or IgG

antibody to 1251-"ot or to l25t-pl. The inhibition ranged frcrn 20

to 608. The variation was, ÍifsL likely, òre to assay conditions such

as freshness of labeled antigen, because wtren freshly labeled antigen

was used, the inhibition was higher. Ttrerefore, it was appropriate to

consider the inhibition in retative, rather than absolute terms, i.e.,
within a given assay, tt€ Peak II alwa1e had no or substantially lcxær

inhibitory effect than Peak I tnig.4, Tabte 7). Several lines of

evidence could o(clude the possibility that the inhibition of Peak I
from AA.SP or AIFP was due to the HDI antigen which had leaked frcm the

HDl"f antigen-4B during ttre absorption. First, it is kncn¡n that PI, the

major antigen of HDM, is of low molecular rcight (about 24,000,

Chapman 1984). In our study, wtren crude HDI antigen was fractionated

on a Sephadex G-100 colunn, tlæ fractions inhibit.ing the binrling of

human IgE to HDl4 antigen vere way beyond ttre void t¡olwre of the C,-100

column. However, in tte fract.ionated HDIvI antigen-4B absorbed sera,

the inhibitory effect was located in ttìe void r¡olr¡re of U1troge1 AcA

34, which had a higher ræper fractionation limit (about 350,000) than

that of G-100 (about 100,000)" Secrcnd, the hunan IgG myelcma had no

inhibitory ef fect even after parallel absorption on HDl.{ antigen-4B.

To further e:<hde the possibility that antigen leaking into the sen¡n

during absorption was the cause of i¡hibition, a nonatopic adult senrm

pool v¡as directly fractionated into Peak I and II without absorption

on HD[,I antigen-4B, and Peak I had still inhibitory effect.
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rt was cbserved. that Peak If frcm AASp, ANSP or Uì,lSp harj no or

substantially l-ov¡er jnhibitory effect tÌ"an peak T, and peak I or II
from c>rd se-rum pool had no inhibiiory effect. These facts led to trvo

conclusions - First' the inhibitory effect of peak I vç3s not due to
the interference of HDl4 antigen specif ic antibodies. iirdeecl,

inhibition was sLill observed after absorpt.ion with ttr;$4 antigen-4g,

and moreover, the inhibiting activity was not in peak II where mcst of
the antibodies lvere found in the case of nonadsorbed allergic sera
(Table 5 ) . Second, it shed scrne doubts on the postulation that the

inhibitory activity of peak r was caused by auto-ant.i-idiotypic

antibodies, since rnost auto-anti-idiotypic antibodies reported so far
in the hun'an system were of the rgG class (Abdou et al r9B1; Zouali et
ar r9B3; Dwyer et al- 1986; Bose et al r9B4). Therefore, if the

inhibition r,ra.s caused by an anti-Id., nost likely the rnajor inhibitory
effect shourd be present in peak rr, and there should not be a

significant difference between adult and cord sera, because, hunan rgG

can cross the placenta. Of course, nore studies ivere carried out

Iater to formally refute the ¡rcssibility that. inhibitory effect of

Peak I was due to auto-a;rti-Id.

It is worthy to note that similar results were obtained by

emproying either purified pr or HDùI antigen as labeled antigeni the

only difference vas the intensity of the signal whereas the inhibit.ion

paLterns v;ere identical- 
"
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Peak I and II frcm t-b{SP r.rere tested for tt¡eir inhibitory effect

on the binding of PI specific Mab to PI. Six out of 9 clones (frc¡n 4

families ), cr¡uld be inhibited by Peak I with inhibitions ranging frcrn

20 to 668" Clones of family IV, i.e., C3"6/62 and C3"6/104,

apparently were not i¡hibited (i¡hibition ranging frcrn 3.8 - 10.88).

This indicated a certain specificity of the inhibition by Peak I" If

the inhibition was irrdeed due to auto-anti-idiotlpic antibodies, then

possibly the anti-Id carried internal images recognized by}4ab

families other than farnily rV. Famiii rV was tocated at one ortrqre

of the topographic map (Fig.9, Chapter II)' md the oenter of the

epitope it recognized was renr¡te frcrn that reacting with the other

three families. If the rnajor repertoire of internal irnages was at the

Iocation where faimily I, If and III were located in üe rnap, then it

was possible that family fV ræuld not bind the internal irnage.

It must be pointed out that no complete inhibition oould be

achieved by r-r,sing Peak I in w.rious assa]rs, and ttre nnximun inhibition

was 668 (Table 9). Since *re infribition sesred to be dosedependent,

and the inhibition curve tnd not reached ttre plateau of the rnaximr¡n

inhibitor concentration employed, it could have been possible to

increase the maximum inhibition by increasing the concentration of

Peak I. However, íf the inhibition was caused by anti-Id' higher
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concentrations of Peak I might still not be able to give crønplete

inhibition of binding of hr¡nan antibody to HDô4 antigen, because the

repertoire of anti-rd might not contain al-r the epitopes of the

Iabeled HDil,I antigen or pl"

None of the Peak I frcrn AA.SP, Ali¡SP, LASP or tÐ{SP had inhibitory

effect on the binding of IgG or IgE anti-Rye I to Rye I. TLrese

results showed that there was certain specificity in ttre inhibitory

activity of Peak I. In order to fwther cLnracterize the nature of

the inhibitory factor(s), Peak f frcm AA,SP and AI{SP rtere ahsorbed on

anti-IgA-4B, anti-Ig},I-48 and SpA-48. The inhibitory factor(s) æuld

not be removed by absorption of tf¡e i¡runrx¡oglob-rlin. The absorption

was adequate since af ter absorption, Peak I rrouJ-d no longer form

precipitation bands with anti-Ig{, anti-IgA or anti-IgG antibodies in

the Ouchterlony assa)¡s (data not shcr¡n). Ho,¡ever, these data do not

exlude the possibility that the inhibiting activity of adsorbed Peak I
might be due to IgE, IgD or IgG3" Because this possibility seerrìs

unlikely, it is suggested that the inhibitory factor was not a

classical anti-idiotlpe antibody.

There are two possible mechanisnrs to account for the specific

inhibition of the binding of anti-Pl antibody to Pl by Peak I. One

possibility is that the inhibitor rnay bind to PI and corpete with the

anti-Pl antibody used in the assay. The i¡hibitor might be Ig or

non-Ig, because some non-Ig in the sen¡n do bind certain antigens.
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Clark (L982) reported that an ubiquitous non-j¡mnunoglohrlin protein,

which could bind azobenzen arsonate èterminants, o<isted in llnphoid

cells and liver cells" It is also kncn¡n that C-reactive protein in

the serum could bind to pneumococcal C polysaccharide (Volanakis

198I) " However, this rechanisn was e:rchlled by the fact that Peak I
from AASP and ANSP still gave inhibition after absorption on HDM

antigen-4B. An arternative mechanism expraining the specific

inhibition is that the i¡hibitor carries determinants similar to those

of Pl, and compete with 125r-pt. enti-i¿iotlpes carrying internal

image of PI are such inhibitors. I¡r this sttrdy, as discr:.ssed above,

the inhibitor hras unlikely to be anti-id.iotlpe antibody" Hcnrever,

molecules other than Ig such as T ceII facbors or detached T ceII

receptors (Greene et al 1981) could still possibly carry
anti-idiotypic determinants. To examine such a possibility, Peak I
$¡as absorbed with anti-HDM antibody crctpled Sçharose-4B gel to rsnove

internal image carrying molecules. Hcn¡ever, the inhibitory effect

remained after tle abcorption. Thre anti-HD,I antibody used oor.¡pled to

Sepharose-4B gef was a gaÍûE gloh-rlin fraction of the serum frcrn a HDùI

antigen desensitized patient. Although this protein fraction

contained high titer of HDùI antigen specific antibody, conceivably the

large percentage of the protein was antibodies not specific to Ht[,f

antigen. @nsequently, the capacity of the innnunosorbent. might not be

adequate and the absorption of Peak f might not be sufficient. To

circumvent this problem, Mab A2.3/I9L against PI was coupled to

Affi-gel 10, and Peak I was absorbed on this inununosorbent. Peak I
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still inhibited to the sane extent the binding of l\,tab A2.3/L9L Lo

after the absorption. Hence, the inhibition was not caused

internal irnage bearing anti-idiotlpe positive n¡clecules in the peak

Based on the obsen¡ations that: 1) tÌE inhibitory fastor(s) acted

in HDM antigen or Pl assay systøn hrt not in Rye I assay systern, 2)

the inhibitory factor(s) existed only in adult hrt not in cr¡rd sera,

and 3 ) i t inhibited the binding of dif ferent clones of anti-Pl I'4ab to

Pl at a different extent, it was suggested thaL the factor(s) had

certain specificity. On the other hand, ttre factor(s) did not bind to

HDM antigen nor anti-HDùl antibody, indicating that the factor(s) was

not epitope or idiotype specific. The nature of the inhibitory

factors with such restricted specificity is sùi1l unclear. The

binding force between antíbody and antigen is noncovalent, and is due

to hydrogen bond, ion bond, hydrophobic bond or Van de Wales' forces.

One of these forces might play a major role in a HDM antigen and

antibody system, hJt not i¡ another antigen and antibody systen. It

is possible that certain serum macromolecules r or aggregated

molecules, wtrich are present with a higher crcncentration in adult thnn

in cord blood serum, interfere with the rnajor binding force between

HDt"f antigen and its specific antibody h¡t not the najor force betlveen

Rye I and its specific antibody. To study this assunption and further

characterize the inhibitory factor(s) in Peak I of adult sen¡n is

obviously out of the scope of the present study, since our primary

PI

by

ï.
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interest is to investigate the presence of auto-anti-idio-ulzpic

antibody j-n itrÐ,I aì_lergic individuals.

The inhibition assays sjmila-r to those enployed in tLe present.

work are cømnonly airployed in the study of idiotype and anti-idiotype
antibodies. some authors (Zouali et al r9B2; Koprowski et al 1984;

Chalopin et al 1984 ) r:sed such inhibition assays as a first step to
identify anti-idiotypic ant.ibodies in huran sera. This is a logical
first step, Lut the present study clearly il-h:strated thre llmit-ations

of this approach. The existence of anti-idiotype can only be

concl-uded if the inhibitory factor(s) can be isolated by specific

immunosorbents and if the s.cecificity is thoroughly studied with the

a,opropri-ate oontrol-s .
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CHAPTER. TV

DBloi\srRATroN oF Alür r-rDrorrprc Ar,mr BoDy AGATNST Al,trr BoDr6

SPECIFTC FOR HDM_AÀTIIGEN Pl
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Abbrevrations used in this Chapter:

AB assay h-rffer

achR acetylcholine receptor

102-Affi (cA.L/ Affi-gel 10 coupled wirh anri-pt Mab c4 .L/L02

IC2-Affi )

Ag B tirnothy grass pollen antigen B

Anti-fd anti-idiotype antibody

APL-Affi ffi-ger r0 c-orpred with r4ab anti-prolactin
æo benzylpenicilloyl

Cpn ocunt per minute

CRI crossreactive idiotype

DNA deoxlribonucleic acid

FCS fetal calf serum

HB Ag hepatitis B surface antigen

HDS/i house dust mite

FPLC high perfonnance liquid chranatography

Ig irnninoglobulin

fgArErGrM Ímmurroglobulin ArErGrM

Mab monocl-onal antiì:ody

l,lab-Affi-gel Affi-gel I0 coupled with t4ab

lü4S norrnal ntouse serum

OA ovalbunrin

Pl the major allergen of house dust nite (D.

pteron]¡ssinus )

PC L-o-phosphatidyl choline



*204-

RIA radioinrm:ncassay

Rye I rye grass pollen allergen f

SE-PAæ scdiun dcceryJ- sulphate pciyacrylamicle get

electrophoresis

SpA-48 Sepharose CL-48 coi-pied with siaphviococcus protein A

spA + 102 purification on 102-Affi of the eluate fron spA-48

SRIA sandwich radioimmr¡-roassay

TIP trinitrophenyl

TT tetanus toxoid
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Abstract

Four l4ab frcxn 4 different families $ere enployed in a solid-phase

sandrçich RrA to identify hurran anti-fd specific to a-nt.i-pt antibody.

In this assay, the same rYab was used to c-oat the solid-pl.rase as the

l-abeled second antibody. Orre of the 4 Mabs rc4.L/L}Z) crculd detect

human anti-Id in 6/I0L sera from HDY allergic patients, I/26 normal

sera (free of anti-Pl) and in 0/86 cord blood sera. The reactivity of
positive sera with Mab C4.L/L02 was j¡hibited. j¡ a dose-dependent

fashion by HDM antigen and by free Ylæ.b C4.L/I02 but not by unrelated

antigens or Mabs, nor by normal fiÌf,use serum. Moreover, the anti-rd
could be absorbed on either lvlab C4.LA02-Þ,ffi-gel or on protein A

Sepharose (from v¡hich they were recovered. by acid el-ution), ht not on

unrelated Mab-Affi-gel. Analysis of the affinity purified anti-Id by

ouchterlony and SDS-PAGE confirmed that it was an rgG. rt is

concluded that HDY sensitive ¡ntients rnay have anti-Id to a public Id
which is arso expressed on mouse anti-pI, it is also suggested that

some anti-Id o<press the internal image of a p1 epitope.
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rntrcducticn

Since Jerne formulated the irnmune network -jreory (7974), the
existence of idiotype and auto-anti-idiotypic antibodies
(auto-anti-rd) has been docunented in many e<perimental models (as

reviewed in Chapter I). Rodkey i.Ìg74) first denronstrated auto-anti-fd
in rabbits immunized with their own anti-trimethyl-ammonium
antibodies. sakato et al (L975 ) demonstrated the anti-rd by

immunization of syngenic rnice with myelcrna protein. More importantry,

Cowdery (1981) reported the occurrence of auto-anti-rd during the

normal immune response of rnice to TNP-Ficoll. Cohen et al (1982) and

Eisenberg et al- (1985 ) reported that the FI hybrids of NZB and nornnl

mice spontaneously developed auto-anti-rd üat specifically recognized

the idiotype of anti-erlrthroryte antibodies. In the htrrran systern, a
few studies have documented the existence of auto-anti-Id. Geha

(L982 ) demonstrated auto-anti-Id in i¡dividuals hlperimnunized with
tetanus toxoid. In several pathological conditions, spontaneously

occurring auto-anti-Id have a-l-so been reported. Cutningham-Rundles

(7982 ) found t-trat patients with selective IgA deficiency i.¡culd develo,o

anti-casein antibodies and subsequently auto-anti-rd-casein
antibodies. Abdou et al- (1981) and Zoual-i et al (1983) showed that
auto-ant'i-Id against anti-DùlA antibodies ap,oeared in syste'nic 1r4>us

erythematosus patients and in sorre normar individuals. D4zer et. ar
(1983 ) discovered naturall-y occurring anti-Id against anti-acetyl-
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choline receptor anti-bcd.y in n¡zasthenia gravis pa.tients. Bose et al
(1984) documentecr auto-anti-rd to anti-Rve r antibccies ir rye grass
pollen altergic patients. rYore recentlv, Troisi et al (19g5) detected
auto-anti-rd against anti-H$ antigen (hepatitis B surface antigen)
antibodies in hepatitis B ¡ntients. The inrnuloreguratory effect of
the anti-rd has been demonstrated in scrne cases, Jndicating that the
immune network is functional. Bottonrllz et al f-LgTB) reported that in
mice, anti-rd could. suppress, via T suppressor cerls, the antibody
response to phosphoryrchotine. Eichman (Lg74) docu¡rented that guinea
pig rgc2 subcl-ass anti-rd had a suppressive effect on the production
of anti-cHo-A (group A streptococci carbohydrate) antibodies carrying
A5A idiotype in n/r rnice, wt'rire the guinea pig rgcl subclass anti_rd
had a stightly enhancing effect. In a recent study, Geha (1984)

reported that rabbit anti-rd antibodies crrurd induce in vitro hunan

specific T suppressor cells ca,oable of inhibiting T cerl proliferation
upon stimulation with tetanus toxoid (TT). saxon et al (1984)

report'ed that in TT hlzperinanurized hr¡nan individuals, the occurrence

of auto-anti-rd was ocrrelated with the develo.ornent of skin anergy to
TT and with the disappearance of the in vitro peripherar blood

rr..¡nonuclear cerr blastogenic response to soluble TT.

The rore of rd-anti-rd interaction i:r the regulation of rgE

antibody response has been docunented in one anjmat mcdel. Blaser et
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al (1983) reported that anti-Id antibodies could modu-l-ate the

production of rgE antibody against benzylpenicirtoyl (Bpo) or

phosphorylcholine in BaIb/c mice. Verlr little is knov¡n about the

Id-anti-Id interactions in relation to hr¡nan allergic disease. Bæe

et ar (1984) reported the presence of auto-anti-rd in rye grass potlen

allergic patients. rn this str:dy, we investigated the presence of

auto-anti-Id specif ic to antibody against HDI'{ rnajor allergen pI in
human sera. It was found that 5.98 of the sera frcm HDir{ altergic

individuals, 3.88 of the sera frcm nonatopic adults and 0t of the c-ord

sera' contained anti-Id reacting with rcuse lrfab to PI. Ttre auto-

anti-Id from one allergic serum (Wt7) was fu1ly characterized. It
courd be absorbed on and eluted from anti-pl Mab coupred

immunosorbent. rts binding to anti-pl Mab qculd be specificalry

inhibited by HDM antigen and autorogous Mab, but not by other

unrelated antigen, or unrelated Mab.

l"faterials and Methods

Sandwich radioirrnunoassay for the detection of auto-anti-Id in htrnan

sera (referred as SRIA #I)

Flexible polyvinyl chloride microtitre plates (Dynatech

Laboratories Inc., elo<andria, \A) were soaked in 75t acetic acid for

about 2-3 hrs and the¡ rinsed with distil-Ied water. One hr:ndred ¡.rI

of PBS containing I2"5 Vg/mI Mab were added t¡ each rrell and the
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pletes were incubated overnight at rocm ternperaiure- Mter washing,

rvells v/ere supplamented with 150 ¡rI of Hank's sclution containing 10%

fetal caÌf serum. After 2 hr incubation at rocrn t^;nperature, wells

were washed l0 times with pBS. Tests rvere performed j_n duplicate by

reacting 100 ¡-rI of test sample -uiith Mab-cicated wel1, for 24 hr aì-

room temperature in a hunrid chamber. Plates were -washed 10 times with
PBS' aria I00 pr] of l25r-Iabeled Mab (identical to that used for
coating the plates; diluted in assay h:ffer containing 5? FCS and 5?

normal BaLb/c serllm) ivas added to the werrs. After overnight

incubation at room temperature, the plates v¡ere -washed 10 tjrnes with
PBS' and the wells were ctcunted in a gamnra crcunter. The background

was determined by using 12 wells coated with anti-Rye I ryab; one-third

of these wells v¡ere incubated with allergic seraT one-third with
nonallergic sera and one third with cord sera. The nean raðioactivity
bound to these 12 werrs r,as c-onsidered as the background.

Sandwich radioimmunoassa to test the specificity of anti-Id
(referred as SRIA #2)

This assay was perforired exactly as the previor:s one e)<cept for
the last step, where 20 ¡.rl of inhibitor (j¡ pBS) r¿as added to the

well along with B0 ¡-rr 
125r-rabered Mab ( r50 ,000-200,000 cpn in

assay buf fer containing 5Z FCS and 53 nornal n"tb/c rrrruse serum).

After overnight incubation, plates were -washed, r,vefls rçere cut and
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ccunted individually in a garuna counter.

calculated as described for SRL\ #1.

The baclcground v¡as

Serum W77 froin a HBi allergic ¡ntient was precipitated twice by

50?' saturated ammonium sulphate (ref-er to chapter rrr), and then

dialysed against 0.05M Tris-Écl, pH 8.0 in spectra¡rcr diarysis tubing.

one ml of sample contain Lng 24 mg protein (determined by the rcnory

method) was applied t-o a DEAE ion o<change cclumn (Ultra¡nc, DEA-E SK

545, 7.5 x 150 mn, LKB, Bronna, sweden). starting buffer designated

as buffer A was 0.05M Tris-HCl (pH B " 0 ) , and the ending h:ffer
designated as buffer B was ll4 NaCl in h,rffer A. The gradient schedule

was expressed in terms of % buffer B, and thê turn points were given

as foll-cx¡¡s:

Time (minutes ) %B

0"7

z¿

24

27

32

40

0

50

100

100

0

0

Fractionation of serun protein by HpLC ion e>cchange chrcrna

The fl-ov ra'te was I ml/totn, and l- mI fracbions were collected.
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Double i¡mm:nodiffusion (ouchterlony assay) (Johnston et al Lg82)

Agarose (0"8t) w/v (Marine Colloids lflc., Rockland, I"tA) in pBS

was melted in r00oc water bath, and æored to about 60oc. Five mr

of the solution was dispensed into each of 60 x 15 rm FäIcrcn 3002

Petri dishes (Becton-Dickinson, Oxnard, CA) and allcnrred to solidify at

room temperature. ltlel1s of 0.5 cn in dianeter and 0"5 cm apart v¡ere

punched. lwenty prl of sanples or antisera raere applied to each ræ11

and Petri dishes rære incubated in a hunid chamber at rocrn tørperature

for I-2 da1æ untit precipitation bands were clearly shcnrn. Ttre petri

dishes were then washed with 3 changes of PBS over a period of 48 hr

to remove unprecipitated protein, and subseqr-ently washed with 3

changes of distilled water over a period of 24 hr to rsftcve salt..

Dishes were dried or¡ a Thenn¡lite ge1 drier, stained hrith 0.01* acid

fuchsin, destained with 0.42 ft/v) acetic acid, and dried on gel drier

again" The antisera used in the assays \ære as foltcm¡s: rabbit

anti-human p chain specific (Dako, Copenhagen, Þnmark), rabbit

anti-human y chain specific (Dako, Copenhagen, Denrnark), rabbit

anti-human e chain specific (Dako, Aceenhagen, Denrnark), and goat

anti-h¡¡nan total serum (Bionetics, Kensington, IÍD)"

SDS-acrylamide ge1 electrophoresis (SF-PAGE)

SDS-PAGE was run on a Bio-Rad protein slab ge1 apparatus

(Bio-Rad, l,lississauga, CtI) according to operation instructions frcrn

the rnanufacturer. Reagents q¡ere ali- purchased frcrn Bio-Rad"
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In order to prepere one se¡nration slab gel (1.5 nrn thick)o the

fol iowing solulion was made: 13.2 ml cf 30å Bis-acrylamide (virich

contained 29.2È w/v acrylamide ano 0. BB lv/v Noiijn-bis reihyrene

acrylamide); 16 ml of double distilied water, i0 ml of l.5M Tris_ICl
(pH 8.8)' and 4.4 ml of t09o (Vv) SDS. The solution was degassecl and

then supplemented with 0.4 ml of 42 fu/v) ammonium persulphate and I0

¡-tt of TEMED. The solution was poured into the glass sand.wich until
the liquid level was 4 crn fron the top and then gently overlaid with
double distilted water to give a smooth interface after
polymerization" After 30-40 rnin, when the gel was pollnnerized, the

overlaying water was poured off and the gel surface was rinse.C once

with water. The stack mcncrner solution (which crcnsisted of 1 ml 30?

Bis-acrylamide sorution, 6.3 ml doubl-e distirled water , 2.5 mr 0.5M

Tris-Hcl-, ph 6.8, 0.1 mr 42 w/v a¡noniu'n persulphate, 0.r nrl l0? sDS,

and 2.5 ¡-tI TEMED) was poured i¡to the glass sandwich to about I qn

from the top, and t.he comb was inserted. Gel was alrowed t¡
polymerize for 3-4 hrs and the crcmb was gently renoved. Each sample

(10-60 ur) was mixed with 50 ¡-rr of sample buffer (Lasnmri ]-970;

i.e., 0.0625M Tris-HCl, pH 6.8, 22 SDS, 10% glycerol, 5%

ß-mercaptoethanol, and 0.0012 bromo,ohenol blue), and boiled in a

water bath for 3 min. samples rùere then applied to vel-rs, and. the

wells were filled up wiih electrode buffer (of 0.025M Tris, 0.192t4

glycine and 0"1% SDS). The gel was run at 30 inA of crcnstant current

for 3-5. hrs until the tracing dye reached the bcttcor of the slab. The

gel was then stained for L-4 hr with a solution containing 103 acetic
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acid, 252 isoprcpanol and 0.18 Cocnassie bh:e R250, and destained with

3-4 changes of destaining solution containing 88 acetic acid and 25t

ethanor until background was clear. Gers were then soaked in a

solution ocnsisting of 7t acetic acid, 48 glycerol and 129 isopro¡nno1

to improve tlre te><ture of the gers to prevent cracking during drlzing.

Cels rære finally photographed and dried on a Bio-Rad gel drier.

Couplinq of mmoclonal antibodies to 4ffi{el l0

Purif ied anti-Pl ¡hb C4.I/L02 and anti-prolactin lfab (pre¡nred in

this laboratory) T^¡ere crcrpled to Affi-gel 10 (Bio-Rad, t4ississauga,

ON), following the instructions frcm the manufactr:rer. Affi-gel 10

was first washed with 3 i¡oh¡res of isopropyl alcrchol, follotred by 3

volumes of cold (4oC) deionized r.rater. Ten Íg of Mab rr¡ere dissolr¡ed

in 3 ml of O.UvI MOPS (Fisher, Wimipeg, MB), and nixed with 1mI of

packed Affi-gel 10. Tte gel suspension was rotated overnight at 4"C,

and rotated for another 2 hrs after 0"1 mI Lt"f ethanolamine tcl (pH

8. 0 ) per mI of packed gel vas added. The gel was then washed i¡r a

Buchner funnel successively with 20 ml of PBS, 20 mI of 0.1M

glycine-HC1, pH 3.0, and 20 mI of PBS. The crcr.pling efficiency was

about 70t.

Af f inity chrcnratography

Serum W77 from a HDl4 allergic patient was precipitated by

ammonium sulfate (509 saturation) and fractionated by affinity

chromatography with protein A Sepharose CL-48 (SpA-48, Pharrnacia,

Uppsa1a, Sweden), C4.L/I02 Affi-gel (102-Affi), or anti-prolactin-
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Affi-gel (APL-Affi ), in order to characterize the nature of

auto-anti-idiotlpic antibodies" The inrnr:noabsorbent gels roere ¡ncked

in 0.7 x 1.0 cm Bio-Rad ec-ono-æ1turn, washed with 5-bed voh¡res of

0.1M glycine-ICl, pH 3"0, and eguilibnated vdth 20 bed r¡olures of PBS.

The sample (24 mg protein/nù, about 2 bed rrch¡re) rryas apptied at a

flow rate of I ml/hr; and the columns roere washed with 20-30 bed

volumes of PBS at a flcn¡ rate of 20 nl/h,r. Tfre absorbed ørponents

r,¡ere eluted with 0.4 mI of 0.1lrf glycine-tC1, pH 3.0 at a flcr,r rate of

5 mL/hr. The eluates r+ere neutralized i¡ruúediately with 20 prl of Lt"1

Tris-tC1, pH 7.0. Eluates frcrn S¡A-48 coh¡rn was rechrcrnatographed on

102-Affi column by the same protocol, and the final eluaLe was

designated as eluate fron "S¡É, + 102".

Resul-ts

Stândardization of SRIA for the detection of auto-anti-Id

In order to eliminate false positive reactions car:.sed by the

presence in some sera of antibodies against rcuse Ig, serum frcrn

normal þIb/c mic-e, (ttre sare strain enployed to preSnre the Mab), was

added to the assay h¡ffer used to d-ilute the lãbe1ed Mab. Ttris large

excess of normal Íþuse Ig should inhibit by crrnpetition, the binding

of the putative nons¡:ecific hr¡nan anti<r¡cuse Ig antibodies to radio-

Iabeled lrfab " To decide the adequate crcncentration of mcuse sen¡n to

be used in the assay hrffer , C4.I/L02-æated rælls v¡ere reacted with a

human serum known to have anti-nr¡r.:,se Ig antibodies. After washing'
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the r,¿ells were incubated. with L25t-co=.L/I0Z diluted in assay b.:fL_.er

containing different amor:nts of rrxfuse serum. The results are sho,*m in
Figure 1. When I25r-C¿. 

VL\Z was diluted in assay hrffer coniaining
10? FCS but no }MS, the bound radioactivity was L,230 ctrm as ccrn¡nred

to 141 cpm when the assay hrffer contained 5 or 10å rÐuse serum. rt
was therefore decided to supplønent assay h:ffer with 5B fiìouse serum

and 5% fetal calf serum

Screening of auto-anti-fd in human sera

Three groups of sera, including 101 sera fron [Dryr ar]ergic
adults, 26 sera from nonallergic donors and 86 cord bÌood sera, were

screened for auto-anti-Id to anti-Pt antibodies by rreans of the SRIA.

Each serum was tested for its reactiviLy with a representative

antibody from each of the 4 families of anti-p] Mab. The sera frcrn

the nonalrergic donors did not c-ontain anti-pl rgc antiMies; they

were screened as described in Chapter III. HDY a-l-lergic ¡ntients had

positive skin and RAST t^sts to HDùI, as determined by Dr. R. par¡øels

(Gent University, Belgium). Cord sera were selected on the basis of
Lheir lack of anti-Pl antibodies. AtI the samples were tested in
duplicate" The results are shown jn Table t. A serum was arbitrarily
graded as (+) 

' if the c¡xn were twice the background, it rpas graded as

(++¡, if cpm v/ere 3 times the background., and so on. According to

this criteria, 6 out of r0l arlergic sera (5.3å), 1 out of 26

nonarrergic sera (3.Ba), and 0 out. of 86 cord sera contained

auto-anti-Id binding to C4.L/L02 l4ab" The c¡Nr of the ¡rcsitive samples
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Neutralization of human anti-mouse IgG by norrnal mouse
serum (NÌUS ).

Background (137 cpm) was the nean cpn of B.,lçlls coated
with normal- human sera and incubated with "JI-CA.L/I}2
diluted in assay br:ffer containing 10 ? rcS .

Samples r,vere tested in du-olicate.

Figure I:
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were 2-7 tiines the backgro'.:nd. These positive sera vere ccm¡nred to

se-¿eral anti-Td negatj-ve sera (28 allergic sera, 25 nonallergic sera

and 27 cord sera) for their binoing to A2.3/Lgr, c3.5/104 and B2.I/BI
Mab' None of these sera reacted v/ith any of the i-atter 3 anti-pl !lab.

A few anti-rd positive sera were obtained after the ¡nner
screening with 3 groups of sera, and it was possible then to optimize

the assay conditions using anti-rd positive sera. To decide the

optimal total- cpm or 125r-c4"L/Lo2 
added per well, anti-rd psitive

serum w77 was incubated. in c4.r/L02 coated prates, and r00 prl of
l atr-'"T-C4"Ln02 of different ctrm vüere added to each vel1, Results are

shown in Figure 2. The specificalty bound radioactivity increased as

the total cpm increased, so did the baclcground. At 200,000 cpn/werl

of total- radioacLivity, the difference between background a_nd
'l ?(*-"r-c4 

"r/rc2 bourrd was most proninent., yet the specific binding had

not reached Lhe plateau of the dilution curve" This total
radioactivity was therefore used throughout the subsequent assays.

Different concentrations of C4.L/L02 for crcating the plates were also

tried with anLi-rd positive serum w77 as a test sample, and with
1?q200,000 cpm -'-T-j4"L/L02 added in the last incubation. The results

are given in Figure 3. When the concentration of CA.L/LO2 enoloyed

for coating increased frcxn 0.3 ¡-rg'/mr to 5 ¡-rg/mI, the specific bound

radioact.ivity increased frcxn ]65 to 591 c¡xn. As the concentration of

C4.L/I02 for coat.ing was further increased to 20 ¡tg/nl-, tire specific
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C4.1 l1 02 coated plates
CYRye l*8 coated pfates
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Figure 2:

100,000 200,000 400,000

Added (cpm/weil)Totar 125t-c+.1t1oz

't 1É
Ti'irat.ion of "tr-c4"L/L02 in sRrA.

Seru.rn trV77 r,¡as used to incubate in wells.

Backgrouncl was the nean c.crn of wells coated ivith
Mab ( Rye I l"Iab jf8) and Lhen j¡cubated with Vi77.

Sanloles .were tested in duplicate.

unrelated
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Mab C4.I/L0Z for coating the plates in SRIA.

to incubate in C4.I/L02 coated wells.

tested in duplicate.

20 .¡ig/ml

Figiure 3:
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bound radioactivity d.ecreased_ slightllr to 469 cpn. Therefore, 5

$g/ml of c4"7/L02 was used. to coar- the plates in the sub.seqr.:ent

assays. The screening was repeated by using the above defined

conditions, and the resuli:s vere concordant with those obtained in the

firsi assay.

Characterization of auto-anti-Id in W77

The auto-anti-Id positive serum W77 was fractionated with HpLC

ion exchange chromatography and the fractions vere tested for their
binding activity to the anti-pr Nrab c4.Vr02 by sRrA. The fraction 19

was positive (Fig.4) and was then anarysed jn r0z sm-pAcE (Fig.S).

The major bands vere at the position of y and L chains, although sone

minor bands at the position of o and ¡.r chains were arso present.

This fraction was also examined i¡ jmmunodiffusion assay (Fig.6), and

it formed precipitation with rabbit anti-hunan o¡ y and þr chain

antibodies. It r'as conch-:ded that the auto-anti-Id positive fraction

contained mainly rgG, although rgM, rgA and other serun components

were a-Lso present in relatively lcxu concenLrations.

w77 was absorbed on protein A sepharose-4B, or c4"\/r0z-Affi-ge1
(102-Affi), or sequentiarry on both of thsn (spA + rO2-Affi) to

furt.her characterize the auto-anti-Id. The fillrates and the eluates

\.vere tested for their binding to c4.L/L02. The auto-anti-rd was found

(Fig"7) in the eluates but not i¡ the firtral-es of spA-48, 102-Affi,

or SpA + 102-Affi, ancl in the fil-trate h¡t not i¡ the eluate of the
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cpm ln C4.1/102 SRIA#l
Gradient %B

O.D. 280nm

)( Background ln C4.1/102 SRlA*1

Gradient %B

FÏactionation of serum W77 by ion occhange chrcmatography.

The f igure sho'¡¡s the anti-Id activity of each fraction, as
defined by its binding to Mab C4.L/L02-ooated nells.

TLre background was 212 c4xn.

7

Figiure 4:
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hunan IgM
hwan IgA
fraction 6
fraction 9
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Fign:re 6: Ouchterlony analysis of ion orchrange fractions of serum
vt77 .

Well
WelI
WeII
Well
!^lell
Well
Well
WeIt
I/üelI
well
Wetl
WeII
WelI

A
B
C
t
2
3
4
5
6
7
8
9
t0

rabbit anti-hunan ¡r chain
rabbit anti-hr¡nan .r d'rain
rabbit anti-humn o drain
fraction 6
fract.ion 9
fraction 13
fraction 16
fraction lB
unfractionated W77
fraction 19
fraction 2l
fraction 24
fraction 26

cont'd-.....
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Figmre 6: Ouchterlony analysis of ion
vr77 .

orchange fractions of serum
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Analysis of auto-anti-rd by affinity chrcxnatography and
c4.I/L02 sRrA #r.

The filtrates and eluates were tested in SRIA #1.

Samples were tested in duplicate.

This e<periment was repeated with crcncordant resurts.
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control immunosorbent (anti-prolactin-Affi-gel) . Thre auto-anti-fd

positive eluate of spA + r02 was o<amined in rOt sæ-pA@, and onry

bands at the position of and L chains !ìere present (Fig.g). The

immunodiffusion assay further proved that the eh:ate frcm spA + 102

onry contained rgG h:t no rgùt nor rgA (Fig.9)" rt was conchded thnt

serun w77 æntained rgG auto-anti-rd against anti-pl antiMies "

Ihe specificity of the aute-anti-Id antibody

The specificity of the auto-anÈi-Id'antibody was first tested

with unfractionated serum W77 (in SRIA #2) r:-sing ylab C4.L/L02 for

coating the we1ls and for the radiolabeled preparation. The results

are given in Figure 10. T\ænty Ug of HDùI antigen crculd inhibit the
L25l-ca.r/rl2 binding to auto-anti-rd antibodies, white the sane

amount of ser¡eral unrelated antigens , ê.g., Ii¡rcpolysaccharide, or L-o-

phosphatidyl choline, had no inhibitory effect" A relative sna1l

amount (2 ug) of }fab C4"I/L02, which was the sare lfab used for

coating and labeling, but not unrelated anti-Rye I t4ab #8, cr¡uld

inhibi t the binding of L25l_c¿.L/n2 to auto-anti-rd. The

specif icity of the auto-anti-Id against anti-P1 Mab frcm d.ifferent

families was examined by another set of SRIA #2, wtrere the eh:ate of

W77 serum from SpA-Sq>harose-48 was reasted with solid-phase qcated

with C4.L/L02, and where anti-Pl l,la'b C4.L/L02, C3.6/I04 and A2.3/79

from 3 different families r,r¡ere used as inhibitors. The results are

shown in Figure 11. On.l-y the cfone C4"L/I02, which was ttre salne lhb

used for coating and radiolabeling in ûre assay, could inhibit (58t
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ffi..W

Figure B: 108 SDS-PAGE analysis of affinity Errified auto-anti-Id
fron serum W77.
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Figure 9: Ouchterlony analysis of affinity prrified auto-anti-Id of
serum W77.
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I02-Affi-ge1
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goat anti-hunran total serum
rabbit anti-hunan IgA
rabbit anti-humn Igùf
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125 t-c4.1t 102
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HDM Ag 2O .ug

LPS 20.{g

PC 20,u9

dRye I mAb*8 2¡g

mAb C4. 11102 2 .pg

Eackground

S,oecificity of auto-anti-Id in serurn W77.

Background was the mean cpm of B well_s
unrelated i"lab and incubated with serum W77.
was repeated with identical results.

Sænples lrere tested in duplicate.

coated with
The axperj-ment
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ln hib ition
100%

ø-.g C4.1 / 1A2

(H cs.o/1o4

^ 
A A2.s/T s

0.031 o.i25 ug inhibitor

Fignrre 1r: rnhibition of the binding of auto-anti-rd frcm serum rñ77 to
anti-Pl- Mab C4.L/L02 by anti-Pl Iqabs of Cifferent families.

The experiment v"as performed with the IgG fraction of serum
\ñ77 " Background was rtO qpn and rnaximun binding 472 cFfl.
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inhibition with 0.03I H9, and 938 with 2 ¡tg of c-old Mab) the binding

of auto-anti-rd to L25r-cq.L/L02. The other 2 anLi-pl uab, i.e.,
C3"6/L04 and A2.3/79, from other families could not inhibit the

binding of auto-anti-Id w77 to I25t-cq.I/il02, at least at the

æncentration range erployed.

These results indicated that the auto-anti-Id present in sen¡n

W77 were idiotope specific" Itris was further ænfinred in a similar

experiment employing auto-anti-Id purified by sequential

aff inity-chromatography on SpA-Sæharose 48 and 101-Affi-gel. The

results are shown in Figure 12. T\*o hundred pg of norrnal htunan IgG,

and of L-a-phosphatidyl cLroline had no inhibitory effect, while 200

¡rg and 20 þLg HDIT,I extract caused a ósedependent. inhibition. The

anti-P1 l,Iab C4.L/L02, hrt noL the unrelated anti-R1ze I Mab #18, ctculd

inhibit. the binding of 125t-c4.VLO2 to auto-anti-rd antibod.ies. rn

sunmary, the auto-anti-Id antibody i¡ serun W77 crculd only bind to

anti-P1 Mab C4.LA02, hrt not to anti-Pl Mab frcrn other families' nor

to unrelaLed llab, and their binding crouJ-d be inhibited by HDt{ antigen

containing Pl, but not by unrelated antigen" It was thus concltded

that this auto-anti-Id antibody carried an internal jmage of one of

the determinants on PI, and that it was i¡deed an auto-anti-idiotlpic

antibody.
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Discussion

rn the present study, human auto-anti-rd antibdy against tri
specif ic antibody tvas detected b1z neans of a sandwich ::adioinrnuno_

assay' employing a Pl specific rr{ab both for ocating the piates and as

the labeled second antibody. The assay va.s performed in the presence

of a large excess of normal- mouse TgG, in order to avoid. false
positive results due to the presence of anti-nouse IgG in scne hunan

sera. There are several argunents support.ing the walidity of this
assay to detect auto-anti-rd. First., the anti-idiotlpe antibody was

at least birralent and Lr'ad at least trvo identical ocxnbining sites vJnich

could bind to the idiotype. When the sera v¡ere incubated in the we11s

coated with anti-Pl Mab, the anti-Id. would bind to the Id of the llab

on the weII. and possibly still had a free arm which v¡culd later bind

to the idiotlpe on the radioiodinated Mab jrr the solution. The Mab on

the solid phase should be in limited quantity, otherwise both arms of

the anti-rd wourd be occupied by rd of t4ab on the sctid. phase, and

could not. bind radiolabeled l4ab. This was proven to be true according

to Figure 3. Five vg/xtr of c4.L/Lo2 for coating gave the highest

signal, and rvhen the concentration further increased, the sigrrat

decreased. Second, crossreactive idiotlpes (CRI) between species had

been documented in several cases. Karol et. al Q977) reported tirat

the anti-hur-nan sickle cell henroglobulin antibody fron a goat and frcrn

a sheep shared a CRI" CRI was also detected between mur-i-ne and human

anti-phosphoryt choline antibodies (Reisen L979¡ Bach et al ISBI),
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between murine and hr¡nan anti-Timothy allergen antibodies (l4alley et

al- 1983a), between mr:rine and hr¡nan anti-D'lA auto-antibody (Morgen et

al 1985), and between murine and hr¡nan anti-acetylcholine receptor

(AChR) antibody (Dwyer et al 1983). In tlæ last case, Irfab against

AChR was successfully eçloyed to isolate hr¡nan auto-anti-idiotlpic

antibody against anti-AChR antibody" In the present study, the

anti-P1 Mab could ccrnpetitively inhibit the binding of hr¡nan anti-pt

antibody to Pl, and the hr:rnan anti-Pl antibody r¡¡culd ærpetitively

inhibit. the binding of Pt by l4ab (Chapter-Il). Itris suggested that

the anti-Pl Mab and hr¡ran antibody v¡ere recognízíng the sane epitope

on the PI rplecu1e, and therefore had a strong possibility of sharing

crossreactive combining site idiotypes. It was understood that the

human anti-Id detectable by the sandwich RIA could be against

idiotypes of mouse anti-Pl antibody in on rsnote frcrn the crrnbining

site. Hcn¡ever, íf tl¡e binding of hr¡nan anti-Id w'ith n¡cr:se Id ær'r]d be

inhibited by HDM antigen, the huran anti-Id crould be assured to bind

the combining site idiotype of nou^se l€b, and logically was against

the combining site idiotlpe of hr¡nan anti-Pl antibody as r^¡el1. The

human anti-Id could therefore be ænsidered as auto-anti-idiotype

antibody. In a short sumìary, tl¡e rationale of using the Mab SRIA to

detect human auto-anti-Id was that anti-Id was bivalent or

multivalent, and that anti-Pl ¡,lab and anti-Pl hr¡nan antibody, nnst

like1y, carried crossreactive crønbining site idiotype. There were

several advantages to use Mab over using ¡rcIyclonal hunan anti-Pl
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antibodies i¡ ffi.rA. Firstry, sufficient qr:antity and purity courd be

achieved with Mab" secondly, Mab was mcnospecific, and it crcurd

distingmish anti-Id antibodies against different Id.

Six in 101 sera from HDIrf allergic patients, I in 26 nonatopic

donors and 0 in 86 cord sera (wf¡ich \ære negatir¡e in anti-HB{ rgG

antibodies ), rtere shoç,¡n to oontain ar¡ti-idiotlpic antibody against one

clone of PI specific l4abs. fhe possibility of false positive results

caused by anti-nouse fg in hr¡nan sera'was exchded by the fact that a

large excess of normal Barb/c rnf,use rg was added to 125r-c4.L/Lo2

(which rras also frcxn nal-b/c), and by the fact that tlæse positive sera

onry bound to l,lab c4.L/L02 but not to the other 3 anti-pr ì4ab

(A2.3/L9L, C3.6/104 anð. B2"I/81) frcm different families (Table I).
To our knowredge, the auto-anti-rd re¡nrted so far are alr of the rgG

class (Abdou et al 1981; Geha 1982; Cunningham-Rundles 1982; D4zer et

aI 1983; Bose et al. 1984; Troisi et aI 1985), and in ttris study, ttre

auto-anti-Id from serum !{77 was also for¡ld to be an IgG" The crord

sera selected were aII negative in anti-Pl IgG antibodies. It was

therefore reasonable to consider ttrese crcrd sera as equivalerrt to

nonatopic adult sera, and to group them together. Ilnder these

conditions, the frequency of auto-anti-Id positive sera in H)t'l

allergic donors was 5.98 (6/I0L), æd that in nonatopic donors was
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0. 89 Z (I/LI2, " According t¡ the four-fold table e><act netM analysis

of the freguencies of tle two grol4)s of sera, tL¡e one-tailed P r¡alr-e

was 0"0445, indicating that the difference was not statistically

significant r,rith tÌæ present sanple size. Hcr.¡er¡er, there sesred to be

a tendency that the HDI'I allergic sera had a higher freqr:encry of

detectable anti-Id ørpa.red to nonatq>ic sera. Tte difference might

become significant statistically if the sample size increased.

Because of ttre hr.ge repertoire of antibodies, tte level of anti-Id ras

supposed to be very l-ow under natural conditions. Accorrd-ing to

Jernef s theory (1974) , when the inunune response against a certain

antigen is launched, the elevated specific antibody ctcuLd then

stimulate the production of anti-Id antibodies. ftris sesred to be

true because npst auto-anti-Id were observed in oceasions where Id was

elevated, such as in individual-s hlzperinununized with TT (Gelta L982) ,

or desensitized with rye grass pollen (Bæe et aJ. 1984). Therefore,

it was conceivable that the HDM allergic individuals, wtto had an

elevated anti-Pl antibody, v¡cuJ-d have a higher possibility to develop

detectable auto-anti-Id"

The auto-anti-Id in serum W77 frcrn an HDùI allergic ¡ntient was

characterized in detail. When tL¡is serum was fractior¡ated by ion

exchange ctrrcnratography, the anti-idiotlpe antibody ras located in the

fraction containing rnainly IgG plus a snall an¡cunt of Igl"l and IgA as

shown by SË-PAGE and Orrchterlony analysis" The auto-anti-Id activity

of W77 serum could be absorbed on and eluted frcrn SpA-48 and C4.L/I02
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Aff i-gei. The anti-rd sequenLiarly puriÍied L.y these trvo

iinnunoscrbents v¡as proven tc be an IgG as shov,;¡-r by SDS_pAGE and

Oucirterlonlz anallzsis" This is in accord.ance with most of the atreadlz

mentioneo observaLions. The s.oecificity of 'the auco-anti-Id fro,n W77

serum was tÌroroughly studied. rt could be absorbed b¡z and eruteri fron

c4.t/L02 Affi-gel, but not by other unrelated Mab such as

anti-prolactin antibody cor¡oled to Affi-gel (Fig.7). This further
proved that the anti-fd was not against c-onstant region or framework

determinants of nouse Ig but against idiotlzpe, b=cause anti-prolactin
It{ab was also raised from BaLb/c mice, and it only differed frcrn

anti-Pl Mab in its hy2ervariable region. The j¡hibition test shcx¡¡ed

(Fig.10 ) t.hat the binding of auto-anti-rd to Mab c4"L/r02 coutd be

specificarly blocked by 20 vg of crude HDM antigen, h:t. not by the

same amount of unrelated antigens, such as lipopolysaccharide or

L-o-phosphoryl choline" This strongly suggested that Lhe ¿rnti-fd ras

recognizing the combining site idiotlpe of the Mab, and ilrat the

anti-rd was the internal image of an epitope on pl. since the

crossinhilcition st.udy in the second Chapter suggested that anti-p1

Mabs anC human anti-PI antibodies might share a crossreactive

combining site idiotype, the human anti-Id against ¡4ab ccnbining site
idiotype v./as then logically also against the co.nbining site idiotype

of some of i-he human anti-P1 antiMies, and could be considered as

true auto-anti-rd antibod-ies" The binding of anti-rd with
radiolabel-ed anti-Pl Mab C4.I/L02 could Ìæ inhibited by autologous iviab

c4.r/L02, but not by unrerated anti-Rye r Mab #8, i¡dicating again



-240-

that the binding was iciotyoe specific. l,Iost interest.ingry, the

binding could nct be i¡hibited by anti-Pt llab irqn families other Lhan

C4-L/L02" Acccrding to the crossinhibition study in Cilapter II, the

anti-P] l4abs of the 4 famiiiês vÊre al_l- crossreactive to a certain
extent, but not compretely. A moder was then proposed that tte
epit'opes recognized by different families of Mab lvere overlapping;

that Mabs of different families all recognized a public region on pl,
and each family recognrized a different additional priwate region as

well; and thaL the public region plus a private region wourd

const.itute a certain epitope. According to this model, it was quite
likely that the anti-Id was binding to the idiotope on the pa.rt v/rrich

was ccx'nprenentary to tlre priizate region of the epitope of pr, and that
therefore clones from other families, which were crossreactive with
c4.L/r02 to the public region, could. not inhibit the binding of
anri-rd wirh c4.L/L02.

ft was observed that only 5.92 (6 out of 101) of the sera frcrn

allergic individuals !'tere shown by the C4.I/IO} SRIA to cont-ain auto-

anti-rd. Besides, the positive sigrrals i¡ the cL"L/Loz sRrA were

relatively low. The positive sera onry bound 500-900 cpm of
L25r-ca.L/rc2 versus 100-150 cpn of background, indicating that the

level of auto-anti-rd was quite low. There are two possibre

explanations for the l-ow frequency and tow*tevel of auto-an.Li-rd

detected in this study. Firsi:, the auto-anti-Id rve detected was only

an internal image of a privai-e region of an epitope on the pl
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molecule, and only C4 "L/L02 but no other I'b.bs recogrnized this region.

Tt was likely that in htunan, only a snall fraction of anti-Pl antibody

of a given individual recognized this private region. Secrcnd,

although the natural o<posure to HD{ antigen q¡uJ-d elicit high titres

of IgE anti-Pl antibody in allergic individuals, the abselu¡s

concentration of anti-Pl antibo{r of a].l classes of antibodies is

still very low (when compared to other artificial or pathological

conditions revier,æd above wtrere auto-ar¡ti-Id were found), ând can not

elicit a great auto-anti-rd response. Coírsegr:ently, in lß3st cases,

the auto-anti-Id level was so lcn¡ that it r¡as not detectable w-ith the

present nethod.

This study suggests that spontaneor:.sly occr:rring auto-anti-Id

exists in HDI'I allergic individuals as a result of idiotlpe-anti-

idiotype interactions" This provides an additional sup¡rcrt to Jerne's

immune network theory rsith a rcèI of hr¡nan allergic disease, about

which few studies have been carried out" The auto-anti-Id was

detected in 6 out of I0I allergic and I out of J-Lz nonatopic

individuals, and is therefore directed against a crossreactive

idiotype antibody to Pl in these individuals. This crossreactive

idiotype does not sesn to be a dcn¡inant one due to tl¡e lcn¡ frequency

of the corresponding auto-anti-Id. The significance of these

observations is obvious in view of the previous reports that the

primary and secondary IgE re.sponse in anirnal nu¡dels c.ould be nucdulated
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through the nanipulation of idiotype-anti-idiotlpe interactions. The

present observation of the o<istence of auto-anti-Id is the first step

that might lead to furttrer study of the regulatory effects of anti-Id

in Ht¡ll allergy in hr¡nan"
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CHAPTER V

GENERAI. DTSCUSSION
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Al:bi:eviations '.iseã in i-his Chapter:

Ant.i-Id anti-idiotype arrtiirody

PO benzylpenicilloyl

EA bvine serum al_ixmin

CRI crossreactive idiotlpe

HDU house dust nite

IgE irnmu'rogloh-rlin E

KLH keyhole limpet hemorynine

Mab monoclonal antibody

OA oval-hrnrin

Pl the major allergen of house dust rnite

(D. pteronyssinus)

Rye I rye grass pollen allergen f

T'NP trinitrophenyl
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According to Jerne (L974), idiotype and anti-idiotype

interactions are in a dynamic quilibrit¡n and the intruding of foreigrn

antigen will tilt the balance and pr:sh the i¡nnune systen to a new

state of equilibrium. One implication of this theory is that

anLi-idiotypes play a reguì-atory role in the irmnrme response. Ítris

model has norár been supported by a large body of evidence which has

been reviev¡ed in Chapter f" Anti-Id, auto-anti-Id, and s¡rcntaneously

occurring auto-anti-Id have been docurented in ani¡na1 as weII as in

human models (Oudin et at 1963; Covdery 1981; Eisenberg et al 1985;

C€ha 1982; Bæe et a-I 1984 ) "

In several studies, the anti-Id was indeed shown to have

regulatory, and rminly suppressive effect (Eichmann L974¡ Hahn 1984;

Saxon et aI 1984). Atopy is a category of ösease in wtrich there is

an abnonnal production of IgE antibodies to minute anpr¡nts of airborne

ant.igens " Ifo my kncniledge, only three studies have analysed idiotype

and anti-idiotlpe interactions in relation to IgE antibody production

or to allergic diseases. R'laser et aI (1982a) docunented that anti-Id

could suppress the in vivo prduction of IgE to BPO and PC in mice"

Malley et aI (1982 ) reported that the in virrc production of IgE

against Timothy grass pollen antigen B could be suppressed by

administration of anti-Id in mice. Bæe et aI (1984) reported the

existence of auto-anti-Id against anti-Rye I antibody in tL¡e sen¡n of

r1¡e grass pollen sensitive ¡ntients.
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The purpose of t-he present .,¡¡crk r'¡as to examine -uhe possibij_ity

t.hat the serur-n of ilDr{ allergic pa.tients conÌ:ain aui:c-a¡rti-Id specific

to public idíoty,oe(s) on rg\/rg1 anL.ii:ccies to Filx"i" rn the first part

of the study, we prepared i"tab against pI, the najor allergen of iürf.

liine anti-Pl Mab were tested in crossinhibition assalzs for their
epitope specificity, and 4 fanilies of Mab r,vere defined according to

the extent of their crossreactivity" These 4 famiries are

crossreactive but not identicar. Based on these resurts, we

posturated t,hat each t"lab recognizes a public region on pr, wirich is

arso recognized by Mab from other families, as v;elr as a private

region which is recognized only by the nernbers of the sane family.

According to this view, the public region plus a private region v¡culd

constitute an epitope on a Pl molecule. . Fa-qed on the results of

crossinhibition assay of the Mabs, the topography of the epitopes was

depicted in a linear fiËrp, and was postulated in a two-dimensional nap.

The crossinhibition study between Mab and hunian anti-Pl antibody

showed that ÞIab could inhibit to a crcnsiderable extent. the binding of

Pl to human IgE antibody, and that hune.n anti-Pt antibcdies crculd

inhibit to an even greater extant the binding of pI to t4ab. This

strongly suggests that. anti-Pl Mabs and at least. a cr:nsiderable

portion of hunan anti-Pl antibody are recognizing Lhe same epitopes on

the PI molecule. This f urther suggested that these lt4,ab and huran

anti-Pl were likely to Ìrave identical ccxnbining site idíotypes"
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During the course of the present study, it was found that the

commonly employed inhibition assays for detecting anti-Id carrying

internal- irmges luve rmny pitfalls. Drring the process of absorption

of idiotype from the sanple, the antigen might leak into the sample"

Besides, some macromolecules in sen¡n night also interfere with the

binding of antibody to antigen" AIt ttrese night cause false positive

inhibitions " Adequate crcntrol should be e-signed to eliminate those

possibifities " A binding assay rather than an inhibition assay will

be nr¡re oonvincing in furuonstratjng the'oristence of anti-Id.

In the last part of ttre study, anti-P1 lbbs tære used as probes

to detect hr¡nan anti-id.iotlpic antibodies. !{e found that 5.98 of the

atopic sera and 0.898 of ttre nonatopic sera c-ontained aut¡-anti-Id.

One such auto-anti-Id was fully cLraracterizú,. Its binding to l4ab

could be specifically inhibited by HDM antigen, indicating that this

anti-Id expresses the i¡ternal irnage of a PI epitope. Moreover, the

binding of auto-anti-Id to Mab C4.L/f02 could be inhibited only by the

autologotrs t4ab, h¡t not by anti-Pl Mab frcm other families, suggesting

the anti-Id is mimicing the prirate region of the epitope recogrnized

by anti-pl Mab C4 .L/L02 " This demonstration of the e:cistence of

auto-anti-Id in HDM allergic individual-s provides furtlær sq>port to

the immune network theory, and might be viev¡ed as tte first step of

projects aiming to analyze the possible role of anti-Id in the

regmlation of HDl'l-specific IgE antibody production.



-248-

In the present str:dy, the anti-Ids binding to C4"L/I02 t"tab were

detected only in 5.99 of the HDItf atopic i¡dividuals. Even if r,se

assLlme that aII these anti-Ids are spontaneously occurring

auto-anti-Ids, they ö not sesn to be against a dsninant crossreactive

idiotlpe (CRI) of hunan anti-P1. So, a continuor.rs search for such CRI

in human anti-Pl antibody is necessarlr, because when roe trlr to use

anti-Id to regulate an i¡nnme response, it vdll be desirable a¡rd ru¡re

practical to have one particular anti-Id wtrich is against a dsninant

CRI and conseguently might be capàble'of regrulating anti-Pl IgE

response in many individuals"

According to our obserr¡ation, Llære are several çiLopes on the

Pl molecule, which share a æmûcn or "public" region h¡t differ frcnr

each other at a private region, rt'hile Chapnan et al (1985) considered

that there are at least two distinct epitopes on ttre PI nplecule. In

any case, the hr¡nan IgE res¡rcnse to Pl is diverse i¡ terms of epitope

specif icity" Tlrerefore, it sesns ttrat a large panel of anti-Id would

be needed to modulate the whole array of anti-Pl IgE antibodies

assuming that anti-Id can indeed be used to dcwnregulate the IgE

antibody production. Krieger et al (1983) showed that the

immunization of mice with }4ab against a segrrent of BSA ræuld lead to

the production of anti-Id as well as anti-BSA antibody against another

segment of BSA. As suggested by Bona et al- (1984), a ¡nssible

explanation would be that the anti-Id recogrnized a regrulatory id.iotype

which is expressed on antibodies with different specificity' and that
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such anti-Id is capable of modulating the production of all tLre

antibodies which carry this regmlatory idiotype even if they are of

different specificity. Therefore, it mighL be a better idea to look

for regulatory Id on the anti-Pl antibody, and to try to rndulate the

production of a panel of anti-Pl antibodies with a single a¡rti-Id

against regulatory Id" Obviously, tL€ regulatory Id is not i¡ the

combining site of anti-P1 antibody since it is supposed to e>cist in

antibodies w'ith different epitope specificity. So, aD in vitro or i¡

vivo functional assay is to be designéd to screen for such a

regulatory Id"

Blaser et al (L982a) reported that when anti-Id against

antibodies specific for carrier protein OA was aùninistered, the

production of IgE against BPO or PC, wtrich ræs crcnjugated to the

carrier v¡as suppressed. By the sane token, it will be verlr t¡.sefu1 to

screen out frcrn ûle PI rnclecule a possibte epitope(s) wtrich fr¡nctions

aS a carrier epitope, and try to mlôrlate antibody response to all

other PI epitopes, þr the a&ninistration of anti-Id against antibodies

specific to this ft¡:ctional- carrier çitope"

Theoretically, there are two basic approaches to nu¡dulate IgE

anti-Pt response in human by means of anti-Id: (i) the ¡nssiv'e

administration of anti-Id and (ii) tt€ indr:ction of in vir¡o anti-Id

production. Although in most studies reported so far, anti-Id

downregulate the immune response (Blaser et aI 1983; Kennedy et aI
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1984a; Geha 1984i Saxon et aI 1984), in scnre cases, anti-Ids were

reported to har¡e an enlnncing effect (Kennedy et al- I9B4b; Erbl et al-

I984arb; Sharp et al 1984). The effect, i.e", enhancing or

suppressi.g, seems to depend on the dosage and/or ûre subclass of

anti-Id in sone inst¿nces (Eiclrnann 1974¡ Kelsoe et al 1980). In such

a situation where the mechanisn of anti-Id regruJ-ation is still not

totally c1ear, the effect of anti-Id should be closely monitored no

matt.er whether 'rpassive" or "active" iÍwrunotherapy v¡ith anti-Id is

considered.

Passive administration of anti-Id refers to the direct

administration of anti-Id pre¡nration to persons with HD{ allergy or

in high risk of HDll allergy" The anti-Id coul-d be prepared frcnr

anti-Id positir¡e hr¡nan serun. This approach is not very practical due

to the low level of spontaneous auto-anti-Id. Human anti-Id

monoclonal antibodies may be ideal, except the technique of

preparation of human monoclonal antibodies still needs to be

perfected. Alt¡rnatirely, mcuse l4ab anti-Id can be pre¡nred in large

quantities and high purity frcm ÈÞ.b anti-Pl antibody" [Io!,¡ever, the

human recipients of mouse I,Iab wilI possibly develop anti-n¡cuse

antibodies (Mi]Ier et aI L982¡ Ls+¡der et al 1984), ând the effect of

anti-Id wilt be greatly interferred. The rnrst inununogenic ¡nrt of a

xenogenic Ig is the Fb portion, so we can simply use F(ab')t of the

Itab anti-Id to modulat€ the anti-Pl inrnune response i¡ hr¡nan, since

Geha (1984) and Saxon et aI (1984) reported that F(ab')rof anti-Td
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is ef fective in tetanus toxoid systen. There is scrne controversy

about the Fc èpendence of tlre anti-Id fr¡rction. Eiclrnann 0974) and

Pawrak et al (L973 ) reported that the anti-rd function was Fb

dependent" To circument this probløn, a chimeric antiHy, r*ùrich is

composed of V region of ¡nruse anti-Id against PI specific antibody,

and c region of htumn rg, æn be constructed by genetic engineering,

and then administered to hr¡nans" Chineric antibodies of this nature

have already been successfully prepard by Neuberger et al- (1985) and

Boulianne et al (1985) by recombinant ixe bchniqræ. It¡e fonrer

constructed chimeric antibodies ænposed of Fäb of rûf,use antibody

against 4-hydroxy-3-nitro-pLrenacetyl, and Fb of hunan IgE; and the

latter constructed a chimeric lgl corçosed of V region of rouse Ig

against trinitrcphenyl (TNP) and Cxand Cg of hr.unan Ig.

A potential risk of administering anti-Id to HDM allergic

individuals is that if the anti-Id mimics a Pl epitope, it might

trigger the release of histamine and other nediators i¡ the HDM

allergic individuals" This can be circr¡nr¡ented by aùninistration of

anti-Id directly to neonates on indirectly to neonate-s via rnaternal

routes when the neonates are considered as high risk i¡dividuals.

This approach is safe because the newborn has no IgE anti-Pl,

therefore, anti-Id can not trigger attergic systans or anaphylaxia,

even though it rnay rnimic the q>itcpes of allergen" Ttris approach is

worth a trial, because it has been proven to be effective in

suppression of specif ic idiotype antibodies in ser¡eral systerns"
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Treatment. of BaLb/c neonates with a Mab anti-Id against TI5 idiotype

could readily result in T15 Id specific r:nres¡rcnsiveness (Pollock et

al 1982 ) " Ftrrthernucre, injection of a Mab anti-Tl5 idiotl'pe antibody

into the pregnant mice prior to birth perrnanently stifled ûe TI5

component of the hr¡rpral anti-PC response in tÌæ progeny (Pollod< et

al 1984)" Rothstein et al (1984) reported that in the arsonate

system, administration of anti-Id to rnaterna:-' N¡ ¡nice crculd induce

idiotcpe specific suppression i¡ the offspring.

The actively induced anti-Id can also ¡nssibly reguJ-ate ttre

specific IgE response. Blaser et al (1982) re¡rcrted úat Balb/c rnice,

which received PC specif ic myelcnra protein T15 and later produced

anti-Id to T15, would develop a rmrkedly reduced IgE response to PC

upon inrnunization against PC-KLH with a proc-edure ]grcn¡n to induce high

titre of anti-PC IgE. Therefore, the anti-P1 antibody vù¡ich carries

the idiotype ( ideally the regulatory idiotype or crossreactive

idiotlpe), could be aùninistered to the HDùI allergic individuals on to

the pregrnant r.qcnen whose i¡fants belong Lo tkìe high risk grolÐ, w"ith a

view to inducing auto-anti-Id wtrich rsill in turn fusnregulate anti-Pl

IgE res¡rcnse.

It is understood that many basic mechanisms of ld-anti-Id

regulation need to be clarified first and that a \¡ery basic qr-lestion:

"To what extent is thre netrrork regrulating the i¡nnune res¡rcnse?" is t¡

be examined before we can conclude that the nnnipulation of tt¡e

Id-anti-Id network is an effective hay to prevent or crcntrol ü€ Ht['f

allergy.
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Contributions to kncn¡ùedge

In the present studyr w€ report the production and the

characterization of Mabs against Pl, the najor clinically inrportant

allergen of HDM. Ttrese Þhbs react v¡ith epitope(s) close or identical

to those recrcAnized by hr¡nan IgE antibodies. Crossinhibition studies

aiming to determine the fine specif icity of tt¡e l4abs led to the

formulation of an original hypothesis, i.e., an q>itope rray be

comprised of a "¡xrblic" and of a "private'r region. I{ost importantly,

this study is the first to docurent the spontaneolls occurrencre of

human auto-anti-idiotlpes specific to anti-P1 antibodies. The data

also indicate the o<istence of crossreactive id.iotlpes on both mrse

and hr¡nan anti-Pl antibodies. The identification of such auto-anti-Id

in HDM allergic patients suggests that it might be possible to

manipulate the immune netv¡ork with a vierp of &vmregulating the IgE

antibody re.sponse to HDS{ antigen i¡ man.
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