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ABSTRACT

The experiments performed involved characterization of magnitude

and idiotype (Id) expression in murine plaque-forming cell (PFC)

responses to the p-azobenzenearsonate (ABA) hapten. Responses were

induced by T cell dependent (TD) forms of ABA (ABA-KLH or ABA–CGG)

or by T independent (TI) forms of ABA, like ABA–Brucella or ABA-LPS.

Expression of cross—reactive Ids (CRI) was quantitated by PFC inhibi—

tion with anti-CRI sera. Two types of anti-CRI sera were used: one

elucidated total CRI* PFC while another kind could differentiate two

subcomponents of the CRI* population, CRIA and CRIm.

The primary response of A/J mice to ABA-KLH (in adjuvant) showed

two particularly interesting points. l.) The CRI was strongly dominant

(>80%) among both IgM and IgG anti-ABA PFC, especially among the

earliest IgG PFC. In contrast, secondary and hyperimmune IgG PFC

averaged only lož CRI*. When secondary response IgM PFC could be

detected, these were found to remain predominatly CRI” (~70%).

2) Earliest IgG PFC in the primary anti-ABA-KLH response often showed

a significantly higher CRI* proportion than did IgM PFC. This

suggested that there was a selective preference for CRI* B cells in

the early isotype switch. The same phenomenon was even more pronounced

in early secondary in vivo responses to the TI Ag ABA–Bru when IgG

PFC first appeared.

Most CRI* PFC in primary and secondary responses of A/J mice to

ABA–KLH were CRIA." (>90% and > 80%, respectively). Anti-ABA responses

elicited in vivo by TI ABA Ags (ABA–Bru or ABA-LPS) showed much more

variable relative expression of CRIA and CRIm with some animals

showing CRIn dominance. ABA-specific PFC elicited in vitro with TI

ABA Ags were almost entirely CRIAT, but typically >50% CRIm". CRIA



----

specific T suppressor cells were not responsibe for weak CRIA expre

ssion in the TI responses because T cell removal did not alter the

Id profile.

To explain these results, it was postulated that A/J ABA

specific B cell precursors belonging to the Lyb st and 5T subsets

differentially express CRIA and CRIm dominance and the two subsets

are preferentially activated under different conditions. Examination

of anti-ABA responses of F1 progeny of A/J and CBA/N mice lent support

to the model since xid mice showed weaker CRIA expression than did

normal mice.

^*, *…
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ABBREWIATIONS

a . a . amino acid

Ab antibody

ABA p—azobenzenearsonate

Ag antigen

BGG bovine gamma globulin

Bru Brucella abortus

BSA bovine serum albumin

C (antibody) constant region or
complement

CDR complementarity-determining region

CGG chicken gamma globulin

CRI cross-reactive idiotype

CRI* cross-reactive idiotype positive
(i.e., CRI-bearing)

CRIA major A/J CRI, Id-related to HP R16.7

CRI, major BALB/c anti-ABA CRI

CRIe A/J CRI serologically related to CRIe

CRIm A/J minor CRI

DNP dinitrophenyl

EBSS Earle's balanced salt solution

ELISA enzyme-linked immunosorbent assay

FCS fetal calf serum

GM geometric mean

H antibody heavy chain

HGG human gamma globulin

HIS hyperimmune, idiotype suppressed

HP hybridoma protein (antibody)
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Id

Idl

Id X

IEF

LPS

mAb

M%

OWA

PBS

PC

PCBMP

PFC

Pn/R36a

PnC

PPC

RAT

Rbt

RC

RIA

hemocyanin

idiotype

individual, unique idiotype

cross-reactive (shared) idiotype

isoelectric focussing

immunoglobulin

association constant

keyhole limpet hemocyanin

antibody light chain

lipopolysaccharide

monoclonal antibody

major histocompatibility complex

macrophage

myeloma protein

li—hydroxy-3-nitrophenacetyl

Ovalbumin

phosphate-buffered saline

phosphorylcholine

PC-binding myeloma protein

plaque-forming cell(s)

pneumococcus strain R36a

pneumococcal C polysaccharide

phenylphosphorylcholine

ABA–L–Tyrosine

rabbit,

red cell(s)

radioimmunoassay
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SAC

SRC

Tl;

TGG

Splenic adherent cells or six amino
caproic acid

sheep red cells

TEPC lj myeloma protein or associated
idiotype

T cell-dependent

Tyrosyl-Glycyl-Glycyl spacer

T helper cell(s)

T cell—independent

T suppressor cell(s)

L–Tyrosine

(antibody) variable region

heavy chain variable region

light chain variable region

X (chromosome)—linked immune defect
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I. INTRODUCTION AND REVIEW

The major problem investigated in the series of experiments detailed

herein is that of idiotype (Id) dominance. To put it in question form:

How much of a particular anti-hapten antibody (Ab) response is composed of

Ab (or Ab-secreting cells) which bear a particular, serologically

definable variable (W) region determinant (idiotype)? How does the extent

of that dominance compare among different Ab isotypes, in different types

of responses, and at various time points in the responses, and how is the

level of dominance regulated? As in most studies, few solid answers are

given. However, the bulk of the data can be compatibly encompassed within

the framework of a model which is consistent with current immunological

knowledge. Hopefully, studies of this sort will contribute to a better

understanding of the nature of the immune system in higher animals, and

increase the possibilities for purposeful manipulations of immune

responses. Clearly, it is of some importance in this context to be able

to predict the properties, both constant (C) and W region, of the Abs

which will be produced in particular humoral responses as a function of

time. Furthermore, it is easily imaginable that the specific enhancement

or deletion of one idiotypic component of a complex Ab response could in

some situations be a desirable goal.

The experiments given in this report may have value in another

respect: they may aid in the evaluation of theories. In particular, it

would seem pertinent to consider the question of whether these data tend

to support or negate the network theory of Niels Jerne (1). The criterion

of truth for a scientific theory is based on accuracy of prediction. Un

fortunately, though, as Jerne himself pointed out (1), the network hy

pothesis, as originally proposed, is lacking in precision. It has such a
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broad, "global" nature that specific predictions concerning particular

systems or responses cannot readily be made, and, thus, clear proof or

disproof is difficult to obtain. In general, any data which support the

idea that Id-anti-Id interactions occur and are physiologically relevant

in a certain immune response have been taken to be supportive of the

theory. With regard to the ABA-CRI system studied here, it can only be

asked whether the evidence suggests that Id-anti-Id interactions are cru

cial for establishing levels of CRI dominance in the Ab response. This

matter is evaluated in the Discussion section.

We begin with a short review of the A/J anti-ABA-CRI system. The in

clusion of the other two topics reviewed in the Introduction would seem to

require some justification. The reason for covering the T15 system is

that more work by far has been done there toward elucidation of the

mechanisms responsible for Id dominance than in the CRI system. As al

ready pointed out, the question of Id dominance should be considered the

major focus of this investigation. A review of the properties of Lyb 5*

and Lyb 5T B cell subsets has been included because it is essential for

understanding the mechanism I am to propose. Other relevant matters, such

as Ab diversity, Id-anti-Id regulation, T-dependent (TD) and T-independent

(TI) Ags, and Ag presentation, among other topics, are also touched on at

various points in this discussion.

A. The ABA-CRI System in A/J Mice. Antibody Response.

It is not the intention of the author that the following review be ex

haustive. More complete reviews covering all aspects of the ABA-CRI sys

tem have been provided by Nisonoff et al. (2) and Greene et al. (3).

Current knowledge is stressed rather than the historical development of



concepts concerning CRI.

i - Complexity of a Cross-Reactive Idiotype. Serology.

It was first reported by Kuettner et al. (l) that a substantial frac

tion of A/J hyperimmune Abs specific for the p-azobenzenearsonate (ABA)

hapten bore cross-reactive Id (CRI) determinants. (The Abs were induced

by repeated i. p. injection of A/J mice with ABA-KLH in CFA.) Proof for

the presence of an intrastrain Id}{ was the demonstration that anti-ABA

sera from 10 different A/J mice were capable of inhibiting almost com

pletely the reaction of purified, 125 I-labeled anti-ABA Abs from one par

ticular A/J mouse (No. 1, 13), with the rabbit (Rbt) anti-Id prepared

against No. 1, 13 anti-ABA Abs. The Rbt anti-Id serum was capable of pre

cipitating about 10% of the labeled anti-ABA Abs from No. 1, 13 in the ab

sence of an inhibitor. The anti-Id antiserum was specific for W, not C

region determinants: it had been absorbed (by precipitation) with non

specific A/J IgG, and, furthermore, additional nonspecific IgG was added

to it after the absorption step. Moreover, neither preimmune sera from

No. 1, 13 or other A/J, BALB/c, or C57/BL mice, nor ABA-absorbed No. 1, 13 im

mune serum was inhibitory by more than 10%. Interestingly, while anti-ABA

Abs from the 10 other A/J mice examined, when added in excess, were able

to inhibit by 2 80% the reaction of Rbt anti-(413) Id to its homologous

ligand, they were poorer inhibitors than the homologous Abs. On a rela

tive weight basis, the heterologous Abs were l; to 38 times weaker than the

hapten-specific Abs from mouse No. 1,13. This finding implied one of two

things: either individual animals expressed widely varying levels of dom

inance of a single CRI entity in their anti-ABA Abs, or, the CRI component

was actually heterogeneous, and possibly consisted of many distinct Id}{

components. A combination of these two possibilities was also conceiv
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able. In fact, it was later reported (2,5) that 20-70% of the anti-ABA

Abs of individual A/J mice were typically reactive with a Rbt anti-CRI

prepared against a pool of affinity-purified ABA-specific A/J Abs. This

level of variation would not, however, seem sufficient to explain the

broad range of inhibitory efficiency of Abs from individual mice described

above. The existence of serologic complexity in the CRI* population is

now well established (see below).

Tung and Nisonoff (5) demonstrated by isoelectric focusing (IEF) that

anti-ABA Abs with p1 values in the range 6.65-6.95 were highly enriched

for the CRI. More specifically, a bimodal distribution was observed with

peaks at pl6.7 and p1 6.9 most strongly expressing the Id}{. Furthermore,

Abs in both peaks were idiotypically identical in CRI-anti-CRI inhibition

assays. The reproducible appearance of these two distinct peaks consti

tuted strong evidence for the occurrence of microheterogeneity in the CRI*

population; the source of the heterogeneity, however, was not clear. It

was proposed (5) that variants could represent Abs differing in amide or

carbohydrate (sialic acid) content. In a later review, Nisonoff et al.

(2) suggested that the presence of multiple light chains in CRI* Abs--

evidence for the existence of which had been provided by sequence studies

of Capra et al. (6)--might explain the heterogeneity apparent in the IEF

pattern. Actually, as Tung and Nisonoff (5) noted, the charge hetero

geneity of CRI* Abs was quite extensive, since direct binding studies

showed that small but significant quantities of A/J anti-ABA Abs focusing

outside the 6.65-6.95 range were reactive with Rbt anti-CRI. IEF provided

a method whereby CRI* Abs from immune serum or ascites could be enriched

and isolated away from CRIT Abs for amino acid sequence analyses (see

sect. iii).
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Tung and Nisonoff (5) also reported that all of the CRI-enriched Ab

of pl6.7 to 6.9 from three mice was entirely IgG1 (by Ouchterlony

analysis). Curiously, Marchalonis et al. (7), using virtually the same

methodology, escept that they substituted Limulus- for keyhole limpet

hemocyanin, came to the conclusion that practically all the anti-ABA Abs

in a pool of A/J hyperimmune ascites belonged to the IgG2a class. Une

quivocal evidence that W region elements conferring CRI positivity can be

expressed in association with many different H chain isotypes (including

IgM) came from hybridoma studies (8-10) inasmuch as CRI” monoclonal Abs

(mAb or HP) of all H chain isotypes have been isolated. Furthermore, stu

dies at the PFC level by Henry and Lucas (11) (and data given in this re

port) strongly support the contention that cRI* Abs of many different iso

types can appear during in situ primary and secondary responses to ABA

KLH.

Realization of the extent of heterogeneity present in the cRI* Ab po

pulation had to await the application of hybridoma technology to this sys

tem. It is now clear that there is both macro- and micro-heterogeneity

among Idx” Abs. Microheterogeneity is discussed below. By macrohetero

geneity is meant the existence of more than one unrelated family of Id}{.

Brown and colleagues (12, 13) prepared a Rbt anti-Id serum to the mab HP

R16.7 and used this antiserum to define CRIA positivity. their rationale

was that HP R16.7 had been shown by Lamoyi et al. (14) to be a very potent

inhibitor in the standard CRI-anti-CRI assay: on a weight basis it was a

stronger inhibitor than pooled A/J anti-ABA Abs and, used in excess, it

could inhibit the standard binding reaction by > 90%. Thus, HP R16.7 ap

peared to bear all of the Id}{ determinants of the "major CRI" in the sys

tem, i.e. , CRI Using anti-Id HP R16.7 and a Rbt anti-Id}{ preparedA"
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against affinity-purified BALB/c anti-ABA Abs, Brown and co-workers demon

strated the following relationships to hold for a pool of A/J hyperimmune

anti-ABA Abs: 1) about 60% were unreactive with Rbt anti-CRI and, thus,

were designated CRIT; 2) about 1.0% were CRI” by the same criterion; 3) 80%

of the CRI* Abs were bound by anti-Id HP R16.7 and so were typed as CRIA’,
while the remaining 20% were classified as CRI,”, i.e. , positive for minor

CRI; and h) about one third of the CRI,” population (referred to herein as

cR1e,”) could be bound by Rbt anti-Id}{ prepared against BALB/c anti-ABA

Abs.

Abs PRECIPITABLE with QR
PFC INH 18 l tº BLE with Rbt:

ANT I-CRIA
DESIGNAT iON | ANTI-CRI (ANII-Id R16. 7) AMII-MINOR id Anti-CRic

cata” - -

| > z º.p. inj.s with
A8A-ºln in CFA *■ :

o *
POPULAn ion - - -

(CRIm)&TY
Av.J

urified anti-A8A

cai" - - -

Figure l. Relationships and relative dominance levels of Id K expressed
in the A/J hyperimmune response to ABA-KLH. Based on data of
Brown et al. (13). The proportions shown should be considered as
averages for a large pool of mice and not typical of all individual
animals. Anti-CRIm is a Rbt anti-CRI adsorbed on an HP R16.7-
Sepharose l; B column. Anti-CRIe is Rbt anti-CRI prepared against
BALB/c hyperimmune anti-ABA Abs elicited by ABA-KLH.
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These relationships are shown schematically in Fig. 1. The nature of the

cRI,” population is discussed further below.

There have been several indications presented for serologic mi

croheterogeneity of CRI” Abs based on studies of ABA-specific hybridoma

mAbs (HP). As shown by Lamoyi et al. (11) and/or Marshak-Rothstein et al.

(15), individual HP show a wide spectrum of efficiencies in inhibition of

the standard CRI (labeled)-anti-CRI reaction in competitive radioimmunoas

says. Furthermore, different HP displayed unique "private" Id deter

minants; it was reported ( 14, 16) that, in many cases, Rbt anti-Id

prepared against one HP could not be inhibited in binding its homologous

ligand to the extent of even 50% by excess quantities of other HP. These

results are true even for HP which belong to the same WH homology group by

amino acid sequence analysis (17). Although all these studies were done

with HP, the finding of Marshak-Rothstein et al. (15) that certain "semi

private" Id determinants expressed by particular HP could be detected, at

varying levels, among the normal hyperimmune anti-ABA Abs of individual

A/J mice constitutes definitive evidence that a similar heterogeneity ex

ists among the induced Abs.

It was first suggested by Gill-Pazaris et al. (18) that there was a

fundamental distinction between Abs positive for a "major" CRI and those

bearing "minor." Id}{, on the basis of serological examination of mAb pro

duced by hybridomas derived through fusion of ABA-hyperimmune A/J spleno

cytes with myeloma cells. These investigators found that four HP, No.s

25, 12, A5, and 52, were bound by Rbt anti-CRI but inhibited the reaction

of labeled CRI (pooled A/J anti-ABA Abs), with the same antiserum, by less

than 15%, even when added in great excess. In contrast, a different HP,

3C6, considered to be representative of the "major CRI," could inhibit the
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standard CRI-anti-CRI reaction by up to 90%. Each of the four preceding

HP could be inhibited in its binding to Rbt anti-CRI by free A/J hyperim

mune anti-ABA Abs, indicating that the latter population contained Ab

molecules bearing Id}{ related to the "minor" CRI(s). Interestingly, the

reaction of Rbt-anti-CRI with HP 25, but not with labeled HP 12, 115, or

52, could be inhibited by the inclusion of free HP 306. This suggested

that HP 25 was, in fact, Id-related to the major CRI, in spite of its ex

treme inefficiency in inhibiting the CRI-anti-CRI reaction; HP 112, h9, and

52 were considered to be true representatives of a distinct minor CRI po

pulation. As the foregoing shows, the absence of effective inhibition in

the CRI-anti-CRI reaction could not be reliably depended upon to prove

lack of relationship of an Ab to the major CRI. Despite this, at one time

it was suggested (13) that capacity of an HP to inhibit by 50% the binding

of labeled CRI by Rbt anti-CRI should be adopted as a criterion for "major

CRI" positivity. More recently, though, the convention has been adopted

( 13, 19) that direct binding of an HP by Rbt anti-Id}{, prepared against a

strongly CRI” HP (i.e., effective inhibitor in the standard assay), such

as HP R16.7, is taken to indicate major CRI (i.e., CRIA) positivity. Ab

sence of binding by such a reagent, but the presence of detectable binding

to Rbt anti-CRI, constitutes the criterion for minor CRI (CRIs) positivi

ty.

The question of whether or not the CRI,” Ab population was in itself

heterogenous was answered in the affirmative by Gill-Pazaris et al. (19)

and Nelles and Nisonoff (20). In the former study, it was demonstrated

that of three CRI,” HP studied, two bore L chains which were similar to

CRIA-type L chains, as determined by H and L. chain separation and recon

stitution (i.e., such L chains were permissive for CRI, expression whenA



- 9 -

combined with serum CRIA H chains). Combination of each of the three CRIs

H chains with cRIA-derived L chains did not result in reconstitution of

cRI,” molecules. Cross-inhibition studies with the three cRI,” HP, using

Rbt anti-CRI, suggested that none of these was idiotypically related to

each other. Furthermore, when a CRI -enriched pool of hyperimmune anti

ABA Abs was prepared by running A/J anti-ABA Abs over an anti-Id HP R16.7

column, the binding of these to Rbt anti-CRI could not be inhibited more

than 25% by an excess of any of the three CRI,” HP. This finding suggest

ed that many different Id}{ species were represented among serum CRI,” Abs.

Nelles and Nisonoff (20) reported that the amount of CRI,” Abs in the hy

perimmune anti-ABA ascites of individual A/J mice was much more variable

than the content of cRI,” molecules. Moreover, injection of mice with

monoclonal anti-chi, idiotope Abs, prior to hyperimmunization with ABA

KLH, led to deletion of the CRI,” portion of the response, but left the

CRI,” component intact. In conclusion, it can be stated that the CRI,”
population seems to be quite heterogeneous, and that its serological pro

perties seem attributable both to this fact and, probably, to the presence

in standard Rbt anti-CRI sera of only very low levels of Abs to any par

ticular species of cRI,” Ab. While some CRI,” Abs are apparently related

in some structural way to CRIA, many are not.

ii. Sequence Analyses.

Amino acid sequence studies on CRI* Abs were first performed by Capra

and colleagues utilizing the CRI-enriched fraction of ascitic, hyperimmune

A/J anti-ABA Abs with pl6.7-6.9. The findings will be briefly summar

ized. Capra et al. (21) reported that the first 10 N-terminal residues in

CRI* h chains, which includes CDR 1, constituted a single, constant, homo
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geneous sequence, whether the Ab source was a single A/J mouse or a pool

derived from 18 mice. It was later reported (22) that the entire VH re

gion represented a homogeneous entity. Marchalonis et al. (7) concurred

with the assessment that the VH regions of the CRI* Abs appeared to be as

homogeneous as those of myeloma proteins, and their reported sequence (to

residue 30) was virtually identical to that of Capra et al. (21). The WH
sequence noted by these workers was sufficiently distinct from those of

previously determined murine myeloma proteins (MP) to justify designation

of a new VH subgroup: Wii v (23). Capra et al. (21) also examined the

CRI-depleted portion of the ascitic Abs (i.e., those with ploutside the

6.7–6.9 zone) and found these to be similar to the CRI* Abs in terms of WH
sequence, but more heterogeneous, especially in CDR 1.

In contrast to the apparent homogeneity of the CRI* WH regions,

sequencing of light chains from induced, CRI-enriched Abs revealed hetero

geneity (7, 2h). Based on the ratios of variant amino acid residues ob

served in the first framework segment, Capra et al. (24) concluded that

there were at least two, and possibly four, different L chains utilized in

these molecules. However, these workers reported the curious finding that

the hypervariable regions of the multiple L chains appeared to be homo

geneous, i.e. , all the L chains from the CRI* Abs had the same CDR 1, 2,

and 3 sequences.

Thus, all the L chain diversity appeared to be restricted to the frame

work segments.

ABA-specific B cell hybridomas, derived using hyperimmune A/J spleno

cytes, became available around 1978-1979. Amino acid sequence analyses

(8-10) on the HP produced by these lines led to strikingly different con

clusions than had the studies on induced Abs. The data indicated that the
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major CRI was comprised of a family of closed related (90% homology) but

non-identical W region sequences. Actually, as Milner and Capra (17) have

shown, the N-terminal amino acid VH sequences presently available (Nov.

1982) can be grouped into three VH homology families (see Figures 2 and

3). These families might be referred to as the: 1) CRIA group with pro

totypic HP-R16.7, 93G7, and 36–65; 2) the CRIe, family with prototype HP

36-60 and HP 92D5; and 3) the lik–1-3 (or 96B8) family. Note that three of

the HP in the latter family (96B8, HAC7, and 1 AD 10) are of BALB/c origin.
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(Reproduced by permission of the authors, ref. lT, and the
publishers, Journal of Immunology.)

As should be clear from the previous discussion, the first two families

have been detected, by serological means, as distinct Idk components among

A/J hyperimmune anti-ABA Abs, while the last has not. It seems possible

that members of the 96B8 family make up a substantial proportion of CRI,”
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Abs, and this hypothesis is particularly appealing due to the sequence

heterogeneity exhibited by Abs in this group (see Fig. 3). WH sequences

classified as belonging to the CRIc" and CRIA families appear to be moreA

homogeneous than those in the 96B8 family. Homogeneity, per se, does not

seem to correlate with the level of clonal dominance, however, since the

CRIC * WH family is less variable, according to the presently available

data (Fig. 3), than the predominant CRI, one.A

Whereas the HP WH regions displayed more heterogeneity than had been

expected from studies of induced Abs, the HP W, regions demonstrated less.L

The reasons for these differences have not yet been established. The

CRIC " and CRIA Wu homology families apparently pair with preferred VLH

homology families (17). (Two unrelated W, sequences have been found inL

association with CRIc'-type H chains [17], but only one with CRIA-type H

chains.) The L chains (all K) found in association with CRIA-type H chainsA

are quite homogeneous (25); they are greater than 90% homologous to each

other; however, the scattered variant residues occur both in the CDR and

framework regions.

The fine structural correlates of idiotypy have not yet been worked

out in this system. As Siegelman and Capra (25) noted, this will require

determination of the entire VL and WH sequences of several cRI* and cri"
HP.

iii. Genetic and Physical (Affinity) Analyses.

The genetics of expression of the major CRI in the system under dis

cussion initially appeared to be even simpler than might have been expect

ed: possession of the appropriate Igh complex was necessary and suffi

cient to permit the production of CRI* hyperimmune anti-ABA Abs to ABA
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KLH. The basis for this conclusion was the demonstration by Pawlak et al.

(27) that the C. AL-20 strain, which expresses the Igh-1” allotype locus of

the CRI* AL/N strain on the background of the CRIT BALB/c strain, typed as

CRI”. Formal backcross studies involving A/J and three CRIT strains

(BALB/c, C57BL/6, and CBA) and their f progeny, also demonstrated tight

linkage of CRI to Igh-C alone (28). The possibility was considered that

lack of apparent linkage of the CRI trait to the L (K) chain locus was due

to the sharing, by most inbred strains, of a similar L. chain repertoire

which included structural genes encoding chains permissive for CRI expres

sion (when combined with the correct H chain). Gottlieb (29) had defined

a K chain locus-linked polymorphism, which he referred to as WK-1, and had

shown that four inbred strains (PL, C58, RF, and AKR) expressed one allele

(wk-1*), while all other inbred strains tested expressed an alternative

One (vK-1°). Laskin et al. (28) and Brown et al. (30) provided evidence

that when one of the WK-1* strains was used as the mating partner to A/J,

then linkage of CRI expression to both the H and L. loci was demonstrable

in backcross analyses. Furthermore, Brown et al. (30) showed that those

backcross progeny expressing Igh-1”, but homozygous for wk-1*, still pro

duced anti-ABA Abs containing the CRIA-like H chain, but in much lowerA

quantities than in a CRI,” strain. It is not known whether the mapping

studies were primarily following the segregation of structural genes or of

regulatory genes linked to the H and L chain loci.

Kapsalis et al. (31) tested the hypothesis that the recurrent nature

and relative dominance of CRI” Abs in A/J anti-ABA responses was due to an

unusually high affinity of Idx’ Abs for the hapten. They used as ligands

125
either *H-labeled ABA-N-acetyl-L-tyrosine or I-labeled ABA-KLH in,

respectively, equilibrium dialysis or dilution-binding assays. CRI
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enriched or -depleted Ab pools were prepared in two ways: 1) by using as

citic Abs from either "high" or "low" CRI A/J mice (as determined by the

standard competition RIA); or 2) by collecting the CRI-enriched, pH 6.7-

6.9 fraction after separation of hyperimmune Abs by preparative IEF. The

results with both ligands showed that not only were CRI” Abs not of unusu

ally high affinity (or avidity) for ABA, but that they were actually some

what lower in affinity than the average determined for pooled hyperimmune

A/J anti-ABA Abs. If it is assumed that the CRIT Ab component represents

a heterogeneous population, then the above results tend to rule out high

affinity as being a crucial factor in determining relative Id dominance,

at least in hyperimmune responses.

iv. Nature of Abs arising in Id-Suppressed Mice. Anti-ABA Precursors.

It was discovered by Hart et al. (32) that administration of Rbt

anti-CRI serum to A/J mice prior to hyperimmunization with ABA-KLH led to

the complete deletion of the CRI* component of the ensuing anti-ABA Ab

response. However, the overall titer of anti-hapten Abs produced by the

HIS (hyperimmune, Id-suppressed) mice was not significantly lower than

that produced by normal animals, i.e., compensation occurred. Of interest

to the present discussion is the idiotypic nature of the Abs elicited in

the Id-suppressed mice. This question was addressed by studies of Hart et

al. (33) and Ju et al. (34), who concluded that the anti-ABA Abs produced

by the HIS mice bore "private" Ids for the most part. Ju et al. (31) used

a portion of the purified Abs from three different HIS mice to prepare

anti-Id sera in three rabbits. The other portions were subjected to IEF,

and four distinct peaks were collected for study. Abs of each spectrotyp

ic peak were labeled, and attempts were made to inhibit the binding of
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each preparation to it homologous anti-Id serum using purified anti-ABA

Abs from 114 normal and 37 HIS mice. Abs of two of the spectrotypes were

idiotypically entirely unique within the limits of the assay: none of the

181 test sera was inhibitory. With the other two spectrotypes, however,

some inhibition was observed; in one case, three of the 181 test sera

showed low but significant inhibition, while with the fourth type, 28% of

the test sera were inhibitory. Cross-inhibition experiments showed that

Abs belonging to the four distinct spectrotypes were not Id related. Ju

et al. (34) suggested that the results could be explained by hypothesizing

that the W regions of Abs bearing the normal CRI were directly encoded by

germline genes (or genes which had undergone minimal somatic mutation),

-

whereas Idl represented the products of genes which had undergone numerous

mutations, and, thus, the same mutations would be unlikely to occur in two

different mice. The "partial" (28%) Id}{ found in these studies was

presumed to be encoded by genes which had undergone an intermediate number

of mutations such that the probability of their occurrence in distinct in

dividuals was fairly high. On the basis of their theory, it could be pro

posed that the relative predominance of CRIA in normal mice has a stochas

tic basis, i.e., that there is higher representation among anti-ABA pre

cursors of direct products of germline genes than of somatic variants.

The most interesting point about the studies concerning the nature of

Ids in CRI-suppressed A/J mice was that evidence was obtained indicating

that these animals possess an enormous potential anti-ABA Ab repertoire;

the relative predominance of CRIA in normal responses is clearly not at

tributable to a paucity of alternative Ids. This conclusion is further

buttressed by the recent precursor analysis of Sigal (35)--the first to be

done in the ABA-CRI system. In these experiments, the Klinman splenic
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focus assay was utilized with ABA-TGG-Hy as the in vitro challenge Ag,

where TGG is the tripeptide spacer Tyrosyl-Glycyl-Glycine, and the hemo

cyanin (Hy) was derived from Limulus polyphemus. When virgin B lympho

cytes from A/J mice were examined, only 2.6% (7 out of 267) ABA-positive

foci typed as CRI,”, based on a competitive RIA. Another 15 foci were

classed as cRI,”, i.e., only partially positive. Thus, less than 10% of

ABA-specific precursors had any demonstrable relation to HP R16.7. Sigal

(35) also reported that no CRI,” precursors were detectable among anti-ABA

foci when donors were neonatal (up to day 6) A/J mice; however, a low fre

quency of CRI,” cells was found in the spleens of six-day-old neonates.

Thus, this report does not support the theory that CRIA dominance during

normal in vivo responses can be attributed to predominance at the precur

sor level. A few caveats should be mentioned concerning these results.

First, no data was given on CRIA representation in in vivo anti-ABAA

responses induced by ABA-TGG-Hy; one could not assume a priori that such

responses would be comparable to those induced by ABA-KLH. Second, there

may have been bias in the splenic focus assay (see Intro. , sect. B iii.).

*

A

precursors, may have been activated under the conditions of the assay.

For instance, only one particular B cell subset, which is low for CRI

This possibility would be difficult to rule out experimentally.

V- Id-specific regulatory influences in the normal Ab response. Id

specific *h cells?

One of the strongest pieces of evidence supporting the theory that

network-type (Id-specific) cellular interactions of a positive, enhancing

nature play an important role in normal humoral immune responses was pro

vided by Woodland and Cantor (36). Since their studies involved the ABA
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CRI system in A/J mice, the results will be briefly summarized.

First, it was demonstrated that KLH-primed, Ly 1 (anti-Ly 2.2 + C

treated) T cells could induce ABA-BGG-primed B cells (anti-Thy l + C

treated splenocytes) to secrete anti-ABA Abs in response to ABA-KLH in 500

R X-irradiated adoptive recipients. A substantial portion (50%) of the

Abs were cRI*, as determined with a competitive RIA (which would mainly

detect CRIA). Next, it was shown that if the Ly 1 T h

which had been injected with Rbt anti-CRI prior to KLH immunization, then

source was A/J mice

an anti-ABA response with a much lower CRI* component was obtained (using

the same protocol). This suggested that an apparently CRI-restricted th
function was missing in the anti-Id}{-treated cell population, or that a

CRI-specific *s activity had been activated. The latter possibility had

to be taken seriously, in spite of the fact that Ly 1*, 2T T cells were

used, considering the results of Ward, Cantor, and Nisonoff [37]. These

workers found that CRI-specific suppression could be transferred from HIS

mice to lightly (196R) irradiated A/J by transferring splenocytes from the

former to the latter prior to immunization with ABA-KLH. The suppression,

however, was also found to be transferable with enriched cells of the fol

lowing types from HIS mice: 1) B cells - attributed to clonal dominance

of CRIT memory cells; 2) Ly 17, 2* T cells - attributed to "true" Idz

specific *s cells; and 3) Ly 1*, 2T T cells - attributed to suppressor

induction. Two other possibilities to explain why Ly 1*, 2T T cells were

able to transfer suppression would be that this population, as prepared,

was contaminated with Ly 2' T cells, or that an Ly 1’, 2 CRI-specific

suppressor effector cell was present. Cell mixing experiments, however,

tended to rule out the possibility that the Ly 1 T cells from the anti

CRI-treated donors were suppressive. Strong support for the theory that a
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CRI-restricted th cell, present in the carrier-primed population, was re

quired for optimal induction of CRI* B memory cells was the finding that

incubation of KLH-primed Ly 1 T cells on plastic flasks coated with CRI

containing A/J Ig, followed by utilization of the non-adherent T cells in

the usual adoptive transfer, led to induction of an anti-ABA response

which was largely CRIT (10% CRI” compared to 58%. CRI” for controls). Con

trol recipients received T cells which had been incubated on normal A/J

Ig-coated flasks. The same Id K-specific th function could be deleted by

incubation of the KLH-primed Ly 1 T cells with CRI-containing A/J Ig, fol

lowed by treatment with Rbt anti-mouse f(ab')2 plus C. Thus, the CRI

specific th cell apparently had receptors which directly bound CRI deter

minants on Ig. It was theorized that this anti-CRI th cell was the cell

removed by inoculation of mice with Rbt anti-CRI. Why Rbt anti-CRI would

delete an anti-CRI cell is unclear--a "circuitous" pathway would be re

quired. The data indicated that this cell type was present in sufficient

numbers among T cells primed to "irrelevant" carriers such as BGG and KLH.

Altogether, the results strongly support the contention that Id-specific

interactions play a major role in determining levels of CRI dominance in

in vivo responses.

A number of comments, ranging from the very specific to the very gen

eral, can be made regarding this series of experiments. First, the possi

bility exists that the T cells removed by Woodland and Cantor (36) were

actually specific for ABA or even for "new antigenic determinants" appear

ing on the W regions of anti-ABA Abs subsequent to the binding of an ABA

protein. The reason these alternatives must be considered is that the

CRI-containing Ab used to coat the plastic flasks was affinity-purified

A/J hyperimmune anti-ABA Ab which had been eluted from an ABA-RGG
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Sepharose column with 2 M thiocyanate; the resulting Ab preparation was

probably contaminated with ABA-RGG. This possibility could be definitive

ly excluded if the experiments were repeated using a CRI” mAb such as HP

R16.7, (purified on a protein A column, for example) rather than

affinity-purified ascitic or serum Abs.

Secondly, it should be noted that only a portion (or subset) of the

ABA-specific B memory cells apparently required Id}{-specific th cells for

optimal induction, because a largely CRIT response was still obtained us

ing th cells which were non-adherent to "CRI"-coated surfaces, where CRI

was simply pooled, affinity-purified A/J anti-ABA Abs. This would seem to

suggest that CRI* B memory cells demonstrated a particular functional pro

perty not shown by all ABA-specific primed B cells. This point brings us

to a third aspect, namely, that there is strong evidence from other stu

dies that all memory (or primary) B cells do not require Id-specific th

cells for activation: a single type of carrier-specific th cell seems to

be sufficient. Evidence for the latter statement has come from experi

ments with cloned, carrier-specific T cell populations (e.g., 38) and

limiting-dilution studies of Ti, function (39, 1,0). Furthermore, it shouldh

be noted that in the investigations of Sigal (35) referred to above, pre

cursor analysis of memory B cells from ABA-OWA-primed A/J mice gave fig

ures for percent CRI,” precursors which were similar to the figures gen

erally found for per cent cRI,” Abs in in vivo secondary or hyperimmune

anti-ABA responses. While the Idx* precursors were, however, present in

the expected proportions, this does not rule out a possible requirement

for a CRI-specific th cell in order to activate these to Ab secretion.

B. Clonal Dominance in the PC-T15 System.
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i. PC-binding Myeloma Proteins and the BALB/c Antibody Response to PC.

Structural Aspects of Idiotypes.

As of 1977, eleven PC-binding myeloma proteins (PCBMP) of BALB/c ori

gin had been identified (reviewed by Potter [k 1 J). All are IgA, K, and

they all precipitate pneumococcal C polysaccharide (Pnc, which contains PC

[A2]), as well as certain components from some other microorganisms which

are mouse parasites or commensals and which presumably contain PC or PC

analogs. These MPs show a greater than ten-fold range in affinities (Ka)
for PC (83) as well as considerable differences in fine specificity for

choline or PC analogs (44). Interestingly, only one (M603) precipitated

an LPS Ag extracted from a strain of Proteus morganii isolated from a

BALB/c mouse by Potter (115).

Based on certain structural features (elucidated below) the PCBMP of

BALB/c origin can be divided into three groups: 1) TEPC - 15 HOPC 8 group

(T15, H8, S63, S107, M299, YB236, Y5170); 2) MOPC 511 - MOPC167 group; and

3) McPC603 - W3207 group. The asymmetry of distribution is interesting --

seven PCBMP in the T15 family and only two in each of the other two groups

-- especially considering that Abs bearing W regions related (by Id}{

analysis) to those of the T15-H8 group strongly predominate in BALB/c

responses to PC or azophenyl-PC. Serological analysis by Potter and

Lieberman (h5) demonstrated that the H8/T15 group is apparently homogene

ous, in terms of Id}{ expression, and differs considerably from M167, M51 1,

and M603. They prepared anti-Idz sera to each of the PCBMP H8, T15, M299,

M63, S107 (all T15 group) and to M167, M511, and M603. Each anti-Idz to

the latter three was essentially individual specific, i.e., could precipi

tate only the homologous MP. In contrast, anti-Id}{ sera prepared against

any of the five in the T15 group could precipitate any of the other four



– 21 -

and, furthermore, each heterologous MP (in the group) could absorb out

virtually all of the precipitating Abs in an anti-Id) prepared against one

member. However, some serological evidence presented by Sakato and Eisen

in 1975 (1,7) demonstrated that even PCBMP belonging to different groups

had to share some common W region structural elements. In particular,

M511 and T15 showed strong Id cross-reactions.

The explanations for these similarities and differences were provided

by primary sequence analyses of the H and L chains of the PCBMP. Studies

on the WH regions of nine of these (1,8,1,9) showed that the sequences of

all were highly homologous; as a result, all were classed as belonging to

the WH isotype group WH-l. The WH regions of five PCBMP from the T15/H8

family were entirely identical except for one variant residue in CDR 3 of

H3. The VH framework segments of M603 and W3207 were identical to those

of the T15 group except for one variant in W3207. In contrast, M511 and

M167 showed two and five framework variant residues, respectively. The

greatest amount of variaton falls in CDR 3, particularly in and around the

portion now known as the D segment (50). From these studies, and those of

Gearhart et al. (51) mentioned below, it was conceivable that the W., re
H

gion (i.e., excluding D and "H) of all these PCBMP was encoded by a single

germline gene, with variations produced by a somatic mutation mechanism.

In fact, recent studies at the nucleic acid level (52, 53) show that this

is the case. The T15 VH sequence is directly encoded by a germline gene;

other sequences represent somatic variants.

In contrast to the clearcut homology of the VH regions of all the

PCBMP, the Wic sequences could be readily divided into three distinct

groups classified as belonging to the Vc isotypes VR-22 (T15/H8), WK-8

(M603/W3207), and WK-24 (M511/M167) (51, 54, 55). These three different Wr
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groups are the basis for the division of the PCBMP into three families.

Rudikoff and Claflin (56) demonstrated that L chains belonging to the

three groups show characteristic and distinct IEF band patterns and that

these three patterns are discernible in the L chains from induced anti-PC

Abs derived from many mouse strains. The WK-22 pattern was the only

predominant one seen when L chains from BALB/c anti-PC Abs were examined.

This correlates well with the finding that the T15 Id} is strongly dom

inant in the BALB/c induced Ab response to TI forms of PC (Pn strain R36A

or PnC, refs. 57, 58) or to a TD form (PC-KLH, ref. 59).

Use of hybridoma technology permitted Gearhart et al. (51) to carry

out an extensive analysis of the structural nature of anti-PC Abs induced

in BALB/c mice by repeated injection of PC-KLH (actually azophenyl-PC

KLH). A number of interesting conclusions could be drawn from the data.

First, the HP could be divided into the same three groups as the PCBMP on

the basis of L chain expression, namely 1) T15 WH - T15 VL5 2) T15 WH
-

M511/M167 W, ; and 3) T15 VH - M603 WL- Only HP belonging to group 1 exL?

pressed the T15 Id}{; however, only a fraction of the group 1 HP were T15

Idx”. Secondly, the greatest amount of sequence diversity in H chain W

regions was in CDR 3, particularly in residues in and immediately adjacent

to the D segment (residues 103-107). Otherwise, a.a. residues in WH

representing variants from the prototype T15 WH sequence were scattered

throughout Wu and present in approximately equal frequencies in frameworkH

and CDR regions. A third point was that when PCBMP and PCBHP were

analyzed by equilibrium dialysis, the mean affinity for free PC of those

* M') than that of those in group 2

5 M').
in group 1 was higher (Ka = 3.2 x 10

(x = 1.25 x 10° - 1
a MT') or group 3 (Ka = .99 x 10 However, certain

members of groups 2 and 3 did exceed one or more members of group 1 in Ka
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IgG HP showed no affinity advantage over IgM HP. Fourthly, the VL Of the

M511/M167 and M603 groups appeared to show considerably more sequence

variability than the T15 WL, and the greater variability may have also ex

tended to WH- More sequence analyses of members of these minor groups are

needed to clarify this point. Finally, and most strikingly, the IgG HP

definitely showed greater sequence variability (both WH and VL) than the

IgM HP. This particular data was taken to be suggestive evidence that

somatic variation can occur after antigenic stimulation in immune

responses, and that it might be coupled to the isotype switch from IgM to

IgA or IgG. In this respect, it is pertinent to note that Karush and col

leagues (60, 61) had previously theorized that the reason why affinity ma

turation is typically observed in the IgG, but not the IgM portion of

humoral immune responses, was that B cells committed to IgG production

were capable of greater gene diversification than were those committed to

IgM secretion. Gearhart et al. (51) also pointed out that another factor

(other than affinity) which might be operative in the selective expansion

of variants could be negative (suppressive), Id-specific network elements;

i.e. , anti-Id Ab or *s cells.

The immune lymphocytes used by Gearhart et al. (51) in the prepara

tion of the anti-PC hybridomas were derived from BALB/c mice undergoing a

secondary response to PC-KLH. Data is given for twenty-one different HP;

four are of the M603 group, seven in the M511 group, and ten in the T15

family. Of the ten in the T15 group, seven were T15 Idx*. Thus, of

twenty-one HP, only seven (33%) were T15 Idr” as defined by reactivity

with a particular anti-Id T15 reagent. (two or the HP from the M603 group

were derived from T15-suppressed mice, so seven/nineteen or 37% T15° is a

more accurate figure.) If these HP represented an unbiased sampling, then
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the results would suggest that T15 Id}{ does not dominate in the secondary

anti-PC-KLH response. Recently that was shown to be the case by Chang and

Rittenberg (60). Their data indicated that IgG memory PFC generated by in

vivo secondary challenge of BALB/c mice with PC-KLH were only an average

of 435 T15 Idz”, while IgA and IgM Pfc were largely tis” (about 75% and

100%, respectively). Curiously, when anti-PC memory responses were in

duced in vitro with the same Ag, IgM and IgA PFC were still predominantly

T15 Idx”; however, IgG PFC (the major class elicited) were not inhibitable

at all with the Rbt anti-T15 Id Serum. This loss of dominance of the T15

IdX in IgG PFC was surprising; it had not previously been reported because

investigators in this system had restricted their attention almost wholly

to the primary response to this TD Ag where the T15 Id}{ strongly predom

inates (59). Chang and Rittenberg noted that the decreasing preponderance

of T15 Id}{, with repeated antigenic stimulation, and the increasing

heterogeneity of the IgG PFC (as determined by hapten inhibition of PFC),

resembled the situation that had been reported in the NP system (61).

There, it had earlier been determined that in the primary Ab response of

C57BL/6 mice to a TD form of the 11-hydroxy-3-nitrophenacetyl (NP) hapten,

L chain-bearing Abs positive for a heritable Idx (NP-b), were strongly

predominant. However, after repeated antigen administration, the percen

tage of Abs which were Idz” (and A-bearing) declined. Karjalainen (62)

reported that a precisely analogous course of events occurs in the BALB/c

strain (including the A chain predominance), except that the Abs bear a

different Id}{ referred to as NP-a. Thus, in three independent systems the

same phenomenon is observed. Data in this thesis show that a fourth sys

tem (ABA-CRI) can be added to that list.
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ii. Genetic Factors Influencing Id Dominance

By both structural and Id}{ analyses, it has been shown (63) that

numerous mouse strains utilize similar W region elements for constructing

anti-PC Abs. The different elements are apparently utilized to differing

extents in the various stains, though. For example, in the primary anti

PC response of A/J or C57BL/6J mice to Pn/R36a, Abs bearing Id} deter

minants shared with each of the PCBMP T15, M511, and M603 are about equal

ly predominant and collectively account for almost all of the PC-specific

Abs. In contrast, practically all of the anti-PC Abs induced by the same

Ag in BALB/c mice are T15 Idz” (63). Clearly, genetic factors other than

the simple presence or absence of the appropriate W genes are crucial in

determining the extent of clonal dominance. In order to elucidate the na

ture of these genetic factors, Ruppert et al. (611) analyzed the anti-PC Ab

responses, induced by Pn R36a or PC-KLH, of BALB/c (H-2°, Igh”, high T15,

low M511) and of C57BL/6 (H-2°, Ish”, low T15, high M51 1 [IdX M51 1 is typ

ically at least as dominantly expressed as Id}{ T15 in the anti-PC

responses of these mice ]) and of H-2 and allotype congenic strains

representing "mixtures" of the two named strains. Since BALB. B (H-2°) and

B6. C (H-2*) gave Id profiles typical of BALB/c and B6 mice, respectively,

the H-2 complex was eliminated as the genetic locus determining clonal

dominance. However, the Igh complex was definitely implicated, as was one

or more background genes, by the responses of B.C8 (Igh”, B6 background)

and C. B20 (Ish”, BALB background). Both of these strains showed a sub

stantial Idx M511° component in their responses. Thus, either the B6 Igh

complex or certain B6 background genes was able, in a dominant fashion, to

compel high Id}{ M511 expression. Curiously, in the anti-Pn response of

C. B20, the resultant Id profile had a "statistical" character in that some
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animals displayed a BALB-like response pattern, whereas others showed a

B6-like pattern. The key portion of Igh” conferring the high M511 pheno

type, when on the BALB background, was Igh-W as demonstrated by the

response of BAB 14. This strain is an intra-Igh-W recombinant having

Ish-c", with some W genes typical of B6 and others derived from BALB, on a

BALB/c background. It gave a high T15, low M511 response, in contrast to

C. B20. This shows that some locus in Igh-W is crucial, possibly a regula

tory one. The authors concluded that multiple genes, one or more of which

is linked to Igh-W, interact to determine Id dominance levels, a conclu

sion similar to that reached by Cancro (65). Obviously, more work will be

required to identify the exact genes involved and their mode of action.

iii. Id Profile at the Precursor Level. Limiting Dilution Analyses.

Three independent groups have examined PC-specific B cells from adult

BALB/c spleens in order to determine the extent of T15 dominance existing

in this population prior to overt Ag challenge. This approach should per

mit resolution of the problem of whether a special mechanism must be in

voked (i.e., such as an Id-specific T. cell) to explain the T15 Id}{h

predominance seen in in situ responses to PC Ags. Before giving specific

results, however, certain limitations to this approach should be men

tioned. One of these is that conventionally-raised BALB/c mice are un

doubtedly exposed to one or more environmental forms of PC (on microorgan

isms) prior to reaching adulthood. Thus, PC-specific memory B cells pre

exist in these animals and, furthermore, regulatory cellular interactions,

some of which may involve recognition of idiotype, have probably already

been established. Of course, this difficulty is not relevant in the case

of mice raised under germfree conditions.
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Other questions revolve around the problem of the degree of "bias"

and "selectivity" in the particular limiting dilution system used. If all

B cells with surface receptors which bind PC with an affinity X or above

can be activated to Ab secretion in situ with Pn, then the same must be

true under the conditions of a culture assay system if one wishes to com

pare Id profiles observed in the two cases. In the Klinman splenic focus

assay, for example, B cells are challenged with Ag in an environment con

taining large numbers of carrier-primed, irradiated T cells; clearly, the

circumstances are distinct from those which would prevail during primary

activation in vivo. Only a select subset of B cells may be activated to

Ab secretion under the culture conditions utilized, and this subset may

not overlap entirely with that which would be activated in an in situ

response. Furthermore, there could be several reasons for a lack of com

plete overlap in repertoire expression in the different situations. It

seems germane to point out that in a short communication (66) it was re

cently reported that among unprimed B cells (from CBA/N x DBA/2 f mice)

specific for PC, only Lyb 5° cells were activated in the splenic focus as

say using PC-KLH as Ag.

Using a standard microculture system for limiting dilution analysis,

Cosenza et al. (67) showed that PC-specific splenic B cells from normal

adult BALB/c mice, responsive to the TI-2 Ag Pn R36a, are almost entirely

T15 Idz”. They added Rbt anti-Id T15 directly to the culture medium on

experimental plates, while medium in control wells received normal rabbit

serum. The anti-Id T15 inhibited 88% of PC-specific precursors. Fung and

Köhler (68) did a similar analysis, but used the C polysaccharide (Pnc) as

Ag in a splenic focus assay. X-irradiated recipients were not primed pri

or to cell injection. Ninety-seven percent of culture supernatants were
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Id T15* by RIA. Both groups found similar absolute numbers of PC-specific

precursors--19 per 10° splenic cells in the first study and about 24 per

10° in the second. Therefore, the T15 Id dominance seen in in situ

responses to Pn in BALB/c mice (18) can be considered as an accurate re

flection of the Id profile pre-existing at the precursor level.

The situation with respect to precursors responsive to the TD Ag PC

KLH seems to be somewhat more complicated. Fung and Köhler (68) used the

Klinman splenic focus assay with KLH-primed and irradiated recipients,

and, as Ag, PC-TGG-KLH (where TGG is the tripeptide spacer Tyrosyl

Glycyl-Glycyl). These conditions were identical to those used by Klinman

and co-workers earlier (69, 70). Since the absolute number of B cell pre

cursors specific for PC, activatable by PPC-TGG-KLH (PPC is phenyl-PC--the

actual hapten), was different than that determined using Pn--24/10° VS •

32/10° B cells--and since the Id profile was also significantly

different--97% T15° for the TI Ag vs. 77% for the TD Ag--they suggested

that the two Ags were stimulating different B cell subpopulations. Their

figure of 77% T15 Id” for TD PC-specific precursors is identical to that

obtained by the Klinman group, i.e., a mean of about 75%. However,

Gearhart et al. (69) and Sigal et al. (71) pointed out that there was con

siderable variation in the extent of T15 dominance in individual animals.

In the first study (69), the precursor Id profile for three normal adult

BALB/c mice was determined to be 100%, 75%, and 50% T15 Idz”. Elsewhere

(71), it was reported that the overall range observed, based on data from

a large number of mice, was 25-100% T15°. This type of variation has nev

er been reported to occur at the level of in sits primary responses to

PPC-KLH; rather, it has repeatedly been noted that such responses, at the

Ab or PFC level, are > 90% T15 Idx” in all BALB/c individuals (59, 63).
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Therefore, it seems that a greater clonal variety must be activated in the

splenic focus assay than in the anti-PC response of intact mice; thus, a

selective mechanism must be postulated for the latter. (Note, though,

that the clonal characteristics of the in situ response to PPC-TGG-KLH

have not been reported.) The explanation for this distinction would prob

ably be the solution to the problem of why T15 Id} is predominant in

anti-PC responses of BALB/c mice.

iv. Physico-Chemical Factors. Affinity.

Etlinger et al. (72) recently suggested that Ab affinity might play a cru

cial role in determining clonal (Id) hierarchy. The stimulus to their in

vestigations was an earlier report by Cosenza et al. (73), that the large

ly T15T anti-PC PFC response of BALB/c mice recovering from neonatal T15

suppression was about ten-fold lower in avidity, by hapten inhibition of

PFC, than that of normal mice expressing T15 predominance. What Etlinger

and co-workers found was a definite relation between response magnitude

and avidity. When they analyzed the small T15T component of an anti-PC

PFC response induced by PC-TGG-LPS in normal adult BALB/c mice, they found

it to be more heterogeneous (lower slope of inhibition line) and to have

only about half the median avidity of the T15* Pfc. Furthermore, chal

lenge of neonatally T15 Id-suppressed mice with PC Ags within a few weeks

of birth resulted in a T15T PFC response with magnitude 1/8 to 1/24 of

normals, and ten-fold lower avidity. However, if the rest period was ex

tended to a sufficient length, the PFC response, while still largely T15T,

became of normal magnitude and avidity. Finally, the anti-PC PFC

responses of two mouse strains showing variable levels of T15 dominance,

C57BL/6J and CBA/Caj were examined. It was found that in those individual
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animals showing T15 dominance, the T15* PFC were of considerably higher

avidity than the T15T ones, whereas in those individuals showing only

about 40-60% T15° PFC, the T15° and T15." Pfc populations were of compar

able avidity. These results demonstrate a direct relation between avidity

and the extent of clonal dominance; however, they do not address the ques

tion of which is cause and which is effect.

Etlinger et al. (74) also suggested that certain apparent Id-specific

effects might actually be due to affinity differences. The basis for this

conclusion was their observation that BALB/c mice recovering from PC

specific tolerance, induced by injection of neonates with PC-HGG, showed

anti-PC PFC responses to PC-LPS which were not T15 dominant. Arguing in

analogy to a well known theory for affinity maturation, they postulated

that as the tolerogen began to dwindle in concentration in vivo, it may

have tended to preferentially inactivate higher affinity PC-specific

clones, which were T15 Idx”. Simultaneous exposure to environmental PC

containing microorganisms may well have been promoting clonal expansion in

the T15T population. This pattern was then retained and expressed in the

PC-LPS induced response. These investigators, however, did not examine

the possibility that T15 Id}{-specific *s cells might be playing a major

role in maintaining the altered clonal profile.

Affinity may well play an important part in establishing T15 domi

nance in the BALB/c PC-T15 system. However, there is a major constraint

to this theory. Sigal et al. (70) reported that BALB/c mice, raised under

germ-free conditions, displayed at least as strong a T15 dominance among

PC-specific precursors as did conventionally-reared animals. The hy

pothesis that clonal dominance is related to affinity would suggest that

exposure to environmental PC is critical to determining the normal Id pre
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cursor profile. One way around the objection is to propose that the

splenic focus assay is biased, i.e., it may preferentially result in ac

tivation of T15° clones even when these make up a minority of the PC

specific precursors. Another possibility would be that the gnotobiotic

BALB/c mice used by Sigal et al. were, in fact, exposed to environmental

PC, though not in the form of viable PC-containing microorganisms.

v. Cellular Interactive Models. Experiments of Bottomly and Co-workers

K. Bottomly and colleagues have published results in several articles

(75-80) which have been synthesized into a general theory explaining Id}{

dominance. The model proposes that an Id}{-Th cell, specific for T15 Id}{,

is instrumental in producing the T15 dominance seen in BALB/c anti-PC PFC

responses to TD forms of PC. (Bottomly [80] theorizes that such an Idz-T,
cell is not required to establish T15 dominance in PC-specific TI

responses.) It is proposed that two functionally distinct th cells--one

with specificity for normal Ag (carrier) and self MHC structures, and one

with specificity for normal Ag (carrier) and self Ig-W determinants (Id)-

—must synergize in secondary anti-PC responses to result in T15 dominance.

Other properties of these two hypothesized cell types are given in Table

1. The theory thus suggests that the Id}{ Th must actually act after Ag

challenge in the in vivo response to PC-KLH, as opposed to acting at the

precursor level. By extrapolation, it is suggested that a similar mechan

ism is operative in other Id K systems. The same basic adoptive transfer

protocol was used in practically all experiments. Experimental details

and results from one paper (75) will be summarized in order to illustrate

the basis for the model.
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Table 1"

Characteristic ThMHC Th Id Reference

Ag (Carrier) Specificity + + 75-77

Ag Recognition under Ir Gene Control + -
77

MHC Restricted in B Cell Activation + -
78,79

Selective Activation of T15* B Cells
- + 75–77

Requirement for Hapten Carrier Linkage + -
75-77

Presence in low T15 Id Strains + -
75, 76,80

Cell Surface Ags
Ly-l + + 76

Lyt-2
- -

76

Activates B Cells by Itself + -
79,80

"Adapted from Table III, ref. 77.
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Bottomly and Mosier (75) wished to determine whether th cells, which

had matured and been primed in a low (or non-) T15 Id}{ environment, were

capable of collaborating with PC-primed B cells in generating a T15

dominant anti-PC PFC response. (PC is the azophenyl-PC group in these ex

periments.) The system chosen was an adoptive transfer protocol involving

cells from (CBA/N x BALB/c) Fl (= NBF, ) male or female mice. The male,

but not the female Fl mice, express the xid mutation (see Sect. C, Intro

duction), which had been reported (81) to preclude responsiveness to all

forms of PC and result in very low concentrations of T15* Ig in normal

serum. (Later, however, it was shown that NBF, xid mice do respond tol

PC-TGG-LPS [82] and a secondary injection of PC-KLH [83], although they

give no primary response to the latter. These responses are not T15 dom

inant.) Bottomly and Mosier first showed that nylon wool-purified, KLH

primed T cells (0.5, 1 or 2 x 10°), injected along with PC-BGG-primed B

6cells (5 x 10° anti-Thy 1.2 + C-treated splenocytes) from NBF, females,l

into 650 R-irradiated NBF, female recipients, resulted in a predominantly

T15° anti-PC Pfc response (80-90% T15°) to 25 ug PC-KLH, if the source of

the carrier-specific th cells was NBF, female mice. In contrast, the PFC

response was 3 30% T15° if the source of the Tº cells was NBF, male mice.

When recipients received 2 x 10% KLH-primed th cells from both male and

female NBF, mice, along with the primed B cells and Ag, the PFC response

represented approximately the sum of the responses seen when 2 x 10% T

cells either from male or female NBF, animals alone were transferred.

Furthermore, the PFC (IgM only, in all experiments) were 59% T15°, which

is approximately the mean of 85% and 30%, the values obtained when either

female or male NBF, T cells were separately used. This result was taken

to be strong evidence that the T cell pool from NBF, male animals did not
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contain a dominant *s population.

Next, these investigators demonstrated that combination of 2 x 10°

NBF, female T cells, primed to an irrelevant protein, ovalbumin (OVA),

with 2 x 10° KLH-primed NBF, male th cells, in the usual adoptive transfer

procedure, resulted in an anti-PC PFC response which was not T15-dominant

(31% T15*). However, if the protocol was slightly modified such that 10

ug OVA was included with the 25 ug PC-KLH challenge Ag, then the PC

specific PFC were 71% T15*, i.e. , T15 Id}( dominant. This level of domi

nance, however, was less than that seen when only NBF, female th cells

alone were combined with the PC-primed B cells, but was higher than that

observed (59%) when both male and female KLH-primed th cells were utilized

in conjunction. (The latter point is hard to understand in terms of the

theory presented by the authors: the KLH-specific NBF, female th cells

should contain Th Id which should be activated in the presence of PC-KLH.

Why were they less effective than the OVA-specific th Id cells?). Bottomly

and Mosier also reported results for the important control experiment in

which KLH-primed T cells from NBF, male animals were combined with T cells

from OWA-primed male NBF, mice, along with the PC-primed B cells. Chal

lenge was with 25 ug PC-KLH plus 10 ug OVA; the resulting response was

only 25% T15 Idz”. Examination of avidity profiles of PFC by hapten inhi

bition supported the data on levels of expression of the T15 Id}( obtained

using anti-Id inhibition of PFC for the major experimental groups. It was

also reported in the text of the article (75) that similar results had

been found when phenotypically normal BNF, male mice had been utilized in

Stead of NBF, females, although no actual data was presented. This would

tend to rule out explanations based on hormonal differences or mixing of

H-Y positive and negative cells.
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From the experimental results just given, Bottomly and Mosier hy

pothesized that T15-specific th cells (Th Id) were required in order to

support T15 dominance in secondary (IgM) PC-specific Ab responses. Such

Tº Id required an environment containing substantial free (serum) Id for

their proper maturation. These cells were theorized to also be carrier

specific, but not to require linkage of carrier and hapten in order to

collaborate with hapten-specific B cells. Bottomly and co-workers did

several experiments which were variations on the theme of the ones just

detailed. In particular, in one case (76), the source of th cells lacking

the putative Tºld was BALB/c mice treated from birth with anti-mouse IgM

Abs, prior to priming with KLH. The missing Th function could be provided

by an OWA-primed, Lyt 1*, 2T, T-enriched splenocyte population from normal

BALB/c mice, provided that OVA was included with PC-KLH in the challenge

Ag preparation. Another interesting result was the nature of the anti-PC

response generated in vitro when PC-primed BALB/c B cells were activated

by cloned, OWA-specific th cells, derived from BALB/c mice, in the pres

ence of PC-OVA (80). All the clones induced PFC responses which were only

about 30% T15*. Since these proliferating th clones were MHC-restricted

and required hapten-carrier linkage, it was suggested that they all

represented the TMHC-type of th cell (Table 1). From these experiments

and others, Bottomly and colleagues compiled the list of characteristics

Of Tº■ hc and Thid cells given in Table 1. Finally, it should be mentioned

that Bellone et al. (All) and Jayaraman et al. (115) have presented evidence

from another hapten systen (TMA-trimethylammonium) that supports the model

of Bottomly et al. regarding the two types of th cells and their distinct

properties.

Most of the data presented by Bottomly and co-workers is consistent



- 35 -

and fits satisfactorily with the model. However, there are several points

which are not easily reconciled with the ThId thesis. For instance, as

already noted, Chang and Rittenberg (60) have shown that while in normal,

secondary in situ Ab responses to PC-KLH in BALB/c mice the T15 Idk dom

inates the IgM PFC component, the same is not true of the IgG PFC. If a

ThId maintains T15 dominance in the IgM Ab-secreting population, it is not

clear why it should not work effectively on IgG-secreting plasma cells.

This point is even more troubling considering the report of Kelsoe et al.

(86) which indicated that network-type (Id-specific) regulation, induced

in normal mice by injection of minute quantities of Idx” or anti-Idz iso

logous monoclonal Abs, tended to influence the level of Id}{ predominance

almost exclusively in the IgG, not the IgM, portion of the Ab response.

Some specific objections to the results obtained by Bottomly and

Mosier in the NBF, model experiments have been published (87, 88). As

Quintans et al. (l7) and Kenny et al. (88) noted, one simple way to test

whether xid mice lack a T15 ThId, required for dominant T15 expression, is

to reconstitute NBF, male mice with purified B cells from phenotypically

normal NBF, females, or, even from BALB/c mice. These experiments were

done, and after challenge with PC-KLH, the (primary) responses were ob

served to be T15-dominant. Furthermore, adoptive transfer experiments

were performed using PC-primed (memory) B cells and carrier-primed T cells

from normal or xid animals; again, the results did not concur with those

of Bottomly and Mosier. Kenny et al. (88), in particular, exactly repro

duced the experimental conditions reportedly used by Bottomly and Mosier,

but with different results. In no case did t-enriched cell populations

from xid mice provide qualitatively distinct help than that supplied by T h

cells from normal mice. The only time Kenny et al. observed a low T15 PFC
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response was in recipients which had received solely PC-primed B cells

from NBF, females, along with Ag (i.e., no Th). The very low response

resulting was only k0% T15°. The same result was seen when such reci

pients were also provided with lo? carrier-primed th from NBF, male mice;

however, if the same number of T cells from NBF, female animals was util

ized, a significant, T15-dominant PFC response was generated. Thus, as

the authors pointed out, the th from xid mice were quantitatively less ef

fective than those from normals, i.e., their helper effect titered out

sooner. This result, though, would not seem to explain the data of Bot

tomly et al. because the latter workers typically used 2 x 10° primed T

cells per recipient. In other respects, however, the standard adoptive

transfer conditions employed by Bottomly et al. seem to be minimal, ac

cording to Kenny et al. (88). It is possible that if a th Id cell is

playing a major role in determining T15 Id}( dominance levels in these ex

periments, its influence may only be apparent under minimal conditions for

T - B collaboration. Alternatively, Kenny et al. (88) have suggested that

the results of Bottomly and co-workers (75-80) may be more readily ex

plainable in terms of the differential activation of functionally distinct

B cell subsets. Earlier results from their laboratory (83, 89) support

the theory that the PC-specific precursors belonging to the Lyb 5* B cell

subset, but not those in the Lyb 5T subset, are dominated by the T15 Idx

(see Introduction, Section C).

Bottomly (80) has herself pointed out that the ThId model does not

seem to be applicable to explaining T15 predominance in anti-PC TI

responses. Furthermore, the PC-specific precursors in BALB/c nu/nu mice,

responsive to PC-KLH, seem to be T15 Id}{ dominant (87). Thus, the mature

T cell function lacking in nu/nu mice is not required for promoting and
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maintaining T15 preponderance, at least at the precursor level. From all

of the foregoing discussion, it should be apparent that the role of a

T15-specific Thid, if any, in promoting the T15 dominance seen in BALB/c

anti-PC Ab responses is still problematic.

vi. Cellular Interactive Models- Ontogenetic Studies of

Köhler and Colleagues.

H. Köhler and co-workers have reported experimental results per

taining to the problem of the development of T15 dominance auring ºurine
ontogeny or lymphocyte maturation. In essence, they take it as granted

that the T15 Id} is predominant among BALB/c PC-specific precursors in

adult animals (68). The questions that then arise are -- is this domi

nance always present (i.e., during development), and is a special cellular

environment required for PC-specific precursors, as they mature from bone

marrow stem cells to mature B lymphocytes, in order to initiate and main

tain T15 Id}( dominance? The findings of this group may be explained

within the framework of a cellular interactive model; however, they are

also consistent with non-interactive models.

Fung and Köhler (90) demonstrated that a PC-specific Ab response

could be induced in BALB/c neonates under one week of age with PC-TGG-LPS.

This was the first time that an anti-PC response had been obtained in mice

of this age. Previously, Sigal et al. (70) had been unable to generate

any PC-specific clones, using the splenic focus assay with PC-KLH as Ag,

when cell donors had been neonates under 5 days old. Interestingly, the

PFC activated in neonates younger than 10 days by PC-TGG-LPS were largely

(70-100%) T15 negative. This contrasted with the T15 predominance seen in

adult responses to the same Ag. RIA analyses of serum Abs supported this

finding. T15 dominance appeared to gradually reach adult levels by about
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10 days of age. In situ responsiveness to PC-KLH and Pnc did not appear

until days 5–6; however, this was reported to be T15-dominant from the

start. Furthermore, Fung and Köhler, unlike Sigal et al. (70), were able

to generate low numbers of anti-PC clones in response to PC-TGG-KLH, in

the splenic focus assay, using livers from one-day-old BALB/c neonates as

their cell source. These were only 23% T15°. This finding was in accord

with an earlier report of Augustin et al. (91) who showed that reconstitu

tion of X-irradiated adult BALB/c mice with fetal liver cells led to res

toration of responsiveness to PC (Pn); however, such responses were

predominantly T15 negative. Fung and Köhler (90) thus suggested that the

maturation of competent, PC-specific precursors occurred in the following

steps in ontogeny: 1) the most immature B cells, refractory to all but

the most potent mitogenic activating signals (i.e., LPS), appeared and ex

pressed the whole repertoire of W-region elements capable of forming PC

binding sites; 2) a cellular mechanism was activated (Thrd, anti-Id Ab 7)

which led to the selective expansion of T15 Idx* clones; and 3) respon

siveness to TD and TI-2 Ags was simultaneously acquired. In fact, else

where, Köhler et al. (92) presented data indicating that significant quan

tities of spontaneous auto-anti-T15 Id}{ could be detected in the sera of

neonatal BALB/c mice in the period of birth to four days of age. It

peaked on day 1 post partum and then dropped off to undetectable levels

after day 4, and in the adult. The suggestion was made that this anti-Id

Ab acted as the selective expanding signal for T15* clones. Unfortuante

ly, they did not report whether similar levels of spontaneous auto-anti

Id}{ Abs could be detected which were spectric for less dominant Id}(s

(i.e. , M511) present in the adult anti-PC response.

The experimental results just discussed can be plausibly explained
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with a cellular interactive model. One reservation that might be ex

pressed, though, is that (mature) T cells are probably not involved be

cause the primary anti-PC response of BALB/c nu/nu mice (or cells

therefrom) is T15 dominant (82, 87). It is also readily possible to pro

pose an alternative, non-interactive model. This would be based on the

theory of Kenny and co-workers (h9, 19) that T15 Id}{ determinants are dif

ferentially expressed by B cells belonging to the Lyb 5° and Lyb 5T subpo

pulations. More specifically, Lyb 5* PC-specific precursors are suggested

to be predominantly T15°, whereas Lyb 5T ones are not. Since the Lyb 5T

subset arises earlier in ontogeny than the Lyb 5* one (see Section C),

Fung and Köhler were possibly observing the response of only the former

when neonates younger than 5-6 days were challenged with PC-LPS. The in

creasing dominance of the T15 Id} in the day 6 to day 10 interval may have

simply reflected the increasing contribution of Lyb 5* B cells as they ac

cumulated beginning on day 5 or 6 (when responsiveness to TD and TI-2 Ags

first appears). PC-specific precursors belonging to the Lyb 5° subset may

outnumber those in the Lyb 5T group in the adult, and, thus, primarily

dictate the precursor Id profile. Which of these theories, if either, is

correct must await further studies. It should be noted, however, that

they are not mutually exclusive. If Lyb 5° cells derive from the Lyb 5T

pool, as has been suggested (93), then a selective mechanism might still

be a necessary postulate.

vii. Conclusions.

In spite of intensive investigation over several years, the question

as to why BALB/c mice show such a marked preponderance of the T15 Id}{ in

their anti-PC Ab responses is still unresolved. Early explanations would
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tend to stress the presumed germline character of the W-region genes cod

ing for T15 Idx? Abs. In fact, there has been no evidence presented which

would nullify such a hypothesis. From the data of Gearhart et al. (51)

H” and VL regions

of T15-like Abs are directly germline-encoded. Furthermore, T1.5-like

and Crews et al. (52) it seems likely that the WH' D, J

PCBHP generally show a high affinity for PC. The greater heterogeneity

which seemed apparent (51) in sequence analyses of PCB-MP and -HP with

M51 1-like and M167-like VL regions might be explainable by theorizing that

somatic variation was required in order to generate anti-PC Abs with suf

ficient affinity for PC, when combining these W, regions with T15-like VL H

regions. Some of these variants might have affinities for PC which equal

or exceed those of T15 W. - T15 VL Abs, although most would not. How,H

then, would one explain the lack of T15 dominance in secondary IgG Ab

responses to PPC-KLH, or in mouse strains other than BALB/c? In the form

er case, it could be suggested that somatic variants, generated during the

primary response, many of which are of the T15 W. - T15 W, type, but whichH L

have lost the key determinant(s) required for T15 Id}{ positivity, are

strongly represented. In addition, the Lyb 5T subset (mostly T15T) is ac

tivated more strongly in secondary than in primary anti-PC-KLH responses

(89). With respect to strains other than BALB/c, it should be noted that

the gene sequences encoding WH and VL regions of T15-like, M51 1-like, and

M 167-like Abs may not be identical to those in BALB/c. In the author's

opinion, three genetic factors may be crucial to determining the level of

T15 dominance seen in BALB/c and other mouse strains: 1) the exact germ

line nucleotide sequence for WH and W, regions which are utilized in conL

struction of anti-PC Abs; 2) genes determining the relative probability of

transcription (utilization) of these W region genetic elements in indivi
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dual B cells; and 3) genes influencing the choice of utilization of these

W region elements by different B cell subsets.

C. B. Cell Subpopulations and the CBA/N Immune Defect.

Much data has been gathered which suggests that the murine B lympho

cyte pool is resolvable into at least two subsets. We will not review all

the criteria that have been offered for making this division, but, rather,

discussion will be confined to the nature of the X-linked immune deficien

cy syndrome in CBA/N mice, and the B cell subsets definable on the basis

of the mutation. The reason for this is that much progress has recently

been made in this area, and a model is presented in the Discussion section

which is based on reported functional properties of the Lyb 5° and Lyb 5T

B cell subsets.

i. The xid Defect Defines. Two B. Cell. Subsets

The following brief review is based on two much more extensive reviews

by Scher (94, 95).

Amsbaugh et al. (98) first showed that a substrain of CBA mice at the

NIH (CBA/N) demonstrated a specific immune response deficiency; both males

and females were totally unresponsive to type III pneumococcal polysac

charide. However, when CBA/N females were mated to males of normally

responsive strains, the female, but not the male Fl progeny responded to

the polysaccharide. This demonstrated that the gene (or genes) responsi

ble for the deficiency was X-linked and recessive. The mutant gene locus

is referred to as xid. Scher (99) shortly thereafter added poly (I-C) to

the list of non-stimulatory Ags for CBA/N mice. The CBA/N immune defi
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ciency manifests itself most strikingly in responses (or lack thereof) to

these and other T independent (TI), largely polysaccharide Ags (including

dextran and Ficoll) and haptens attached to these; as a class, these sub

stances are now referred to as TI - type 2 Ags (TI-2). (These Ags were

originally thought to be T cell independent since nude mice respond to

TNP-Ficoll, and, furthermore, treatment of normal splenocytes with anti

theta reagents plus C did not eliminate in vitro responsiveness to Ficoll.

However, Mond [93] has shown convincingly, using rigorous T cell depletion

protocols, that such responses are, in fact, T cell dependent. They are

apparently less T-dependent, though, than responses to classical TD Ags.)

At the present time, a large variety of physical and functional aberra

tions are known to characterize the CBA/N immune system and immune respon

siveness. Many of these alterations are listed, in simplified form, in

Table 2.

Scher has proposed (91) that all of the abnormalities expressed by

xid mice can be attributed to a single primary defect, namely, the absence

of a particular B cell subpopulation (Lyb 5°). This B cell subset normal

ly arises relatively late in murine ontogeny, beginning around one week

post partum. It is expected, then, that the B cells occurring in xid mice

should have physical and functional properties similar to those of normal

neonatal B cells. Most evidence supports this hypothesis. The scattered

reports on alterations of macrophage (96, 97) or T cell (100) function in

xid mice can perhaps be attributed to secondary alterations.

Two groups, by utilizing xid mice, or cells therefrom, for immuniza

tions or adsorptions, have prepared antisera which distinguish B cell sub

sets present in normal mice (96, 101). The procedure used by Ahmed et al.

(101) was to immunize C57BL/6 mice with DBA/2 splenocytes, followed by ad
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Table 2
&

Immune System Aberrations of the CBA/N Strain

Physical and Cell Surface Ag Alterations
T Cells

Macrophages (Ag-presenting Cells)
B Cells

Proportion of B Cells in Lymphoid Tissues
Isotypes: B Cells with high IgC/IgM ratio

º tº tº -- low it. --

Ia

Complement Receptors
M1S

Lyb 3
Lyb 5
Lyb 7

Functional Alterations

T Cell Function

Macrophage (Ag-presenting Cell) Function
B Cells

Colony Formation in Soft Agar
Tolerance Susceptibility
Proliferative Response to anti-p
Responsiveness to TRF
Responsiveness to M-associated Ag

Responses to TI-l Ags
º º TI-2 tº

- " high dose TD Ags
tº " low dose TI-l, TD Ags

Secretion of IgM, IgG3 in in situ Ab Responses

+ or +/-
+/-

+/- or -

+/- or -

Key: ++ = greater than normal; + = normal levels; +/- = less than normal;
- = absent.

Footnotes

* Based on Scher (95).

b May be deficient in presentation of certain Ags (96.97) or in expression
of Ia. W39 (96).



- 13 -

sorption of the resultant antiserum with DBA/2 thymocytes and lymphocytes

from (CBA/N x DBA/2) f male mice. After this, the antiserum (plus C) was

cytotoxic for 25-30% of unselected splenocytes, or about 60% of surface

Ig” splenocytes, from DBA/2 or female (CBA/N x DBA/2) Fl mice. It did not

kill lymphocytes from neonatal mice, and it showed preferential reactivity

with low u, mls”, CR* B cells. The antiserum blocked B cell responsive

ness to certain Ags in in vitro cultures; interestingly, the blocking ac

tivity, referred to as anti-Lyb 7, was separable from the broader cytotox

ic activity, which was referred to as anti-Lyb 5.

ii. Ag Responsiveness of the Lyb 5* and Lyb 5 B cell Subpopulations.

A series of elegant experiments was performed by Boswell et al. (102,

103) and Singer and colleagues (104) in order to examine the responsive

ness of Lyb 5’ and Lyb 5’ B cell subsets to TD and TI Ags in vitro and in

vivo. Cellular interaction requirements were also assessed in these stu

dies. The results may be relevant to understanding data given in the

present report, and so, these are briefly summarized.

Boswell et al. (102) induced primary anti-TNP PFC responses from

(DBA/2 x CBA/N) f male (i.e., phenotypically normal) splenocytes in mi

crocultures using as Ags TNP-LPS, TNP-BA (TI-1), TNP-KLH (TD), or TNP

Ficoll (TI-2). The T cell dependence of the responses was first assessed

by treatment of splenocytes with a Rbt anti-mouse brain reagent, plus C,

prior to the culture period. Responses to TNP-KLH were eliminated by this

procedure, whereas responses to the other Ags were not reduced. This in

dicated that only the response to TNP-KLH was T-dependent (see note on T

dependence of Ficoll, above). They next showed that passage of spleno

cytes over Sephadex G-10 columns prior to culture led to a substantial
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reduction (70% for TNP-KLH and 80% for TNP-Ficoll) in responses to the TD

and TI-2 Ags, but had no effect on responses to the TI-1 Ags. This sug

gested that splenic adherent-accessory cells (SAC) were required for

responses to the TD and TI-2, but not to the TI-1 Ags. Responsiveness to

TNP-KLH and TNP-Ficoll was restored by addition to cultures containing G

10-passed splenocytes of purified, glass-adherent SAC. Boswell et al.

(102) then investigated the relative participation of the Lyb 5* B cell

subset in these responses by eliminating this population with anti-Lyb 5,

plus C, before initiation of cultures. The effect of this treatment was

similar to that of removing adherent cells: responses to TNP-KLH and

TNP-Ficoll were eliminated, while those to TNP-LPS and TNP-BA were not.

However, it should be noted that the response to TNP-BA was reduced by

50%, while that to TNP-LPS was unaffected. Curiously, in a control exper

iment mentioned later in the same report (102), anti-Lyb 5 treatment had

almost no effect on responses to either TNP-LPS or TNP-BA. From these

results, one could conclude that responses to TNP-KLH and TNP-Ficoll in

volved the exclusive activation of Lyb 5* B cells, while TNP-LPS activated

only the Lyb 5T subset. TNP-BA apparently tended to preferentially stimu

late the Lyb 5T B cells; however, Lyb 5° cells were also activated to a

significant extent in some cultures.

Based on the comparable results obtained when either SAC or Lyb 5* B

cells were removed, Boswell et al. (102) hypothesized that only the Lyb 5*

B cells could respond to adherent cell-associated Ag. This theory was

tested and confirmed by adding Ag to cultures in the form of TNP-BA-pulsed

SAC; under such conditions, only Lyb 5* B cºus were activated to Ab se

cretion. Further experiments of Boswell et al. (103) supported this

theory and suggested that this finding was the explanation for the obser
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vation that splenocytes from mice expressing the xid defect could not gen

erate primary in vitro responses to TNP-Ficoll or TNP-KLH, i.e., presenta

tion of these Ags by SAC would be absolutely required; however, the xid

splenocytes would contain only Lyb 5T B cells. Moreover, one could easily

use this theory to rationalize the observation of Boswell et al. (103)

that xid mice gave no primary in vivo anti-TNP PFC responses to low doses

of TNP-KLH, while high doses of the same Ag led to significant, albeit

lower than normal, responses: at low doses, Ag-presenting cells were

probably required to collect and concentrate Ag at their surfaces in order

to activate B cells--Lyb 5* cells, exclusively. A conclusion arrived at

from these studies was that the complex nature of the unresponsiveness to

TI-2 Ags of xid mice was likely attributable to an absolute requirement

for accessory cell - B cell interaction in the generation of such

responses, while, under some conditions, TD (and TI-1) Ags could elicit

responses by activating B cells in the absence of such an interaction.

In further interesting studies of Singer and co-workers (101), the

Lyb 5° and Lyb 5T B cell subsets were shown to differentially express

several functional properties. The experiments, some of which involved

cloned carrier-specific th cell populations, will not be detailed; the ma

jor conclusions derived from these experimentss are, however, summarized
| Table 3

in Table 3. Requirements for Activation of Lyb 5* and Lyb 5- B Cells
by TD Ags and Th Cells”

Lyb 5’ Lyb 5:
MHC Restricted

- +

MHC-Ir Gene Effects - +

Hapten Carrier Linkage Required
- +

In Vitro Activation by Monoclonal Th Cells
plus High Ag Dose + -

plus Low Ag Dose
- +

Activation by Soluble Th Factors + -

Sensitivity to Nonspecific Ts Factors
- +

Footnote

* Based on Table XV in (104) and data of Asano et al. (105).
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Some mention should be made of the influence of the CBA/N defect on

responsiveness to the PC hapten. Early studies (106, 107) suggested that

expression of the xid gene(s) precluded responses to all forms of PC, re

gardless of whether the carrier was TI-1, TI-2, or TD. In this respect,

the PC hapten itself appeared to be comparable to a TI-2 Ag. More recent

ly, it has been demonstrated that mice homozygous or hemizygous for xid

can, in fact, make responses to some TD and TI-1 forms of PC. Köhler et

al. (82) induced significant anti-PC Ab responses in male (CBA/N x BALB/c)

f mice with PC-TGG-LPS; however, such responses were almost entirely

T15T, which contrasted with the largely T15* responses induced in normal

f mice. Clough et al. (108) and Kenny et al. (83) reported that xid mice

made lower than normal, but significant, secondary responses to PC-KLH;

however, their primary response to the same Ag was severely impaired (un

detectable to 1/10 normal). Here also, the T15* component of the response

(in [CBA/N x BALB/c] f males) was depressed relative to normals. Actual

ly, Kenny et al. (83) found that the (CBA/N x BALB/c) f, males examined

could be divided into three groups: group 1 animals (60%) expressed no

detectable T15° Abs; group 2 mice (30%) produced low, but significant,

levels of T15° Abs in the secondary response; and group 3 mice ( *10%) ex

pressed normal levels of T15° Abs and was phenotypically normal in every

respect (including responsiveness to Ficoll). (The explanation for the

normalcy of group 3 mice was uncertain; possibly, it resulted from a back

mutation in the xid gene or to a mouse colony contamination.) The fact

that a significant number of xid mice nevertheless did produce detectable

T15* Abs indicates that this mutation does not simply preclude expression

of the appropriate Ab W region genes. The xid mice produced no IgM (or

Isos) anti-PC Abs in primary or secondary responses (83, 108). Wicker et
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al. (89) concluded that: 1) Abs from Lyb 5T B cells made up a substantial

proportion of the secondary anti-PC response in normal mice; 2) Lyb 5T B

cells produced mostly IgG, T15. Abs specific for azophenyl-PC (not PC

alone); and, 3) Lyb 5* B cells were largely responsible for production of

IgM, T15*, PC (not PPC)--specific Abs in normal mice. Considering the ex

tremely circumscribed nature of the primary response of xid mice to PC

KLH, it can be concluded that this response, in normal mice, is attribut

able almost exclusively to the Lyb 5* B cell subset.
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II. MATERIALS AND METHODS

Animals. Two sources of A/J mice were used. Most (=85%) were obtained

from the Jackson Laboratory, Bar Harbor, Maine. Male and female mice were

used at 6–16 weeks of age, except for those animals serving as adoptive

transfer recipients which were female "retired breeders". A smaller

number of A/J mice were obtained from the U.C. Berkeley breeding facility.

Breeders from the Jackson Laboratory are introduced there at every third

generation to maintain uniformity with the Jackson line.

f progeny of A/J and CBA/N mice were bred at UC San Francisco. The

CBA/N mice were originally obtained from the National Institutes of

Health. f, offspring were at least 7 weeks old at time of use.

Rabbits used in the preparation of anti-Id sera were young adult fe

male New Zealand whites.

Antigens and Immunizations. ABA-KLH was prepared by dissolving 2 g KLH

(Calbiochem, San Diego, California) in 50 ml BBS (109), pH 9. 1. Two

mmoles of ABA diazonium salt in solution was added, with stirring, over 15

min while the pH was maintained at 9. 1 with 1, N NaOH. The reaction was al

lowed to proceed on ice for 2 hrs, followed by dialysis against PBS and

storage at –20° C. The ABA diazonium salt solution was prepared by dis

solving 2 mmoles (1,34 mg) p-arsanilic acid (Eastman Kodak Co.) in 6 ml of

1n HCl at 0° C, followed by addition of 2 ml of 1M NaNO2 in saline in 3

equal aliquots over 3 min, and then 2 ml of H20 at 0° C. ABA was coupled

to CGG and human myeloma protein according to Tabachnick and Sobotka

(110). TNP-CGG and TNP-SRC were prepared according to Garvey et al.

(109).

Conjugates were typically dissolved in PBS to 10 mg/ml or 5 mg/ml,
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emulsified in an equal volume of Difco complete adjuvant H37 Ra (CDA), and

administered i. p. in . 1 or .2 ml volumes, ABA-Brucella was prepared ac

cording to Lucas and Henry (111). Purified Salmonella typhimurium lipopo

lysaccharide (LPS) was purchased from the List Biological Laboratories,

Inc., Campbell, California, and reacted with an equal mass quantity (10

mg) of the N-hydroxysuccinimide conjugate of p-hydroxyphenylpropionic acid

(the latter derivative being prepared according to Pohlit et al. [112]) in

2 ml dimethyl sulfoxide at room temperature. The resulting compound was

then extensively dialyzed against borate buffer (pH 9.0), and then

phosphate-buffered saline (pH 7.3), prior to conjugation with 1 ml 1M

ABA-diazonium salt. The haptenated LPS was extensively dialyzed prior to

use. ABA-LPS was injected i. p. in PBS only, while ABA-Bru (in PBS) was

injected i.v. into a lateral tail vein.

Antisera. Rabbit anti-CRI sera were produced according to Ju et al. (34)

by repeated immunization of rabbits with affinity purified A/J anti-ABA

antibodies from hyperimmune ascites. Antisera were rendered Id-specific

by passage over columns of Sepharose ll B coupled with normal A/J Ig

([NH,12son-precipitated proteins from A/J hyperimmune ascites induced by

CDA alone). Anti-CRI sera were judged Id-specific by an ELISA (enzyme

linked immunosorbent assay [113]) analysis: such antisera bound to CRI

adsorbed to plastic microtiter dish wells as detected with protein A cou

pled with alkaline phosphatase. Binding was inhibited 294% in the pres

ence of excess free CRI, but not more than 10-15% by excess normal A/J Ig

(the ELISA tests were carried out by P. Hornbeck). A specificity analysis

of the anti-CRI sera was also performed in the plaque assay (see Results).

Preparation of anti-Id R16. 7 and anti-CRI, (anti-CRI adsorbed on an

HP R16.7-Sepharose HB column) has been described elsewhere (12, 13).
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Monoclonal Abs to Thy 1.2 and Lyt 2.2 were produced by the murine hy

bridoma cells HO-13 and HO-2.2, which were obtained from the American Type

Culture Collection, Bethesda, Maryland. For Ab-mediated cytotoxic elimi

nation of lymphoid cell subsets, optimal dilutions of the appropriate su

pernate were employed along with agarose-adsorbed guinea pig complement, C

(Grand Island Biological Company, Grand Island, New York).

A preparation of the rat mAb AD8 was provided by P. Hornbeck, U.C.

San Francisco, and its production and purification have been described

elsewhere (136). The Ab was adjusted to 0.5 mg/ml in PBS, and 10 ul per

plate was used to inhibit plaques.

Rabbit antisera specific for mouse IgG subclasses were purchased from

Litton Bionetics, Inc., and tested, by Ouchterlony analysis, against mu

rine myeloma proteins (MP) of all isotypes, including IgM and IgA (kindly

provided by Dr. C. Henry). Each antiserum showed reactivity only with MP

belonging to the appropriate IgG subclass. Splenocytes from A/J mice un

dergoing secondary or hyperimmune responses to SRC were used as PFC

sources in performing titrations of these antisera to determine optimal

concentrations to use for maximal indirect plaque development.

Splenocyte Suspensions. Mice were killed by cervical dislocation, and

spleens removed and placed in cold EBSS or HBSS (aseptically if cells were

for culture). Conical tubes containing spleens or cell suspensions were

generally kept in ice during processing. Spleens were teased apart with

forceps, suspensions dispersed by pipetting, and then aggregates were re

moved by permitting their sedimentation for 5 minutes. Single cell

suspensions were washed once or twice with cold BSS, utilizing a refri

gerated centrifuge (5-10° C), prior to plaquing.
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Hemolytic Plaque Assay. The protocol used in the earliest experiments

(i.e., anti-ABA-KLH kinetic studies) was as follows. ABA was conjugated

to SRC via an intermediate imidoester linkage as described by Isakson et

al. (11!!). In this protocol, p-arsanilic acid is first diazotized and

coupled to methyl p-hydroxybenzimidate (Pierce). The resulting compound

is then reacted overnight with SRC. The ABA-HB-SRC prepared this way were

shown in preliminary assays to disclose 5-10 times as many PFC as ABA-SRC

prepared by direct diazotization.

A modification of the original Jerne plaque assay (115) was employed

in these studies. A 0.5% solution of Bacto-Agar (Difco) in EBSS, contain

ing l;00 ug/ml DEAE-dextran (Sigma), was prepared and distributed in .5 ml

aliquots into small tubes in a H6° C water bath. 50 pul of a 1/1, suspen

sion of ABA-HB-SRC in PBS was then added along with 100 pil of washed

splenic lymphocytes at an appropriate dilution in EBSS (to give 100-800

PFC/plate). Ten yul of goat anti-mouse IgM (Cappel Laboratories) was also

added to some tubes for indirect PFC determination (i.e., to inhibit IgM

PFC). For analysis of CRI content of PFC, 6–10 yul of rabbit anti-CRI was

added to some tubes. Each mixture was then gently vortexed and spread in

a circular motion on the surface of platic 13 x 100 mm Petri dish (Falcon

#1001 or #1029) to cover about 2/3 of the area, allowed to harden, and

then incubated in a humid box at 37° C for 1 hr. Two ml of a 1/40 dilu

tion of guinea pig C (Gibco) in cold EBSS was then layered over the agar.

To develop IgG plaques, rabbit anti-mouse IgG (Cappel) was added to the C

solution at an appropriate dilution for optimal indirect PFC development

(1/200-1/800). No indirect plaques developed without addition of this an

tiserum. Dishes were then further incubated for 2 hr at 370 C, followed

by counting of PFC.
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In all later experiments, this procedure was modified such that all

antisera (anti-Id}{, anti-IgM, or anti-IgG), and C, were added directly to

the agar. The conjugation of target erythrocytes with the ABA-imidoester

was altered from the protocol of Isakson et al. (11!!) in the following

ways: 1) concentration of RC in the haptenating mixture was 1/2.5 rather

than 1/5; 2) the haptenation mixture was rocked for no more than 13 hrs;

and 3) horse- or goat-RC were substituted for sheep-RC. These modifica

tions resulted in more stable target ABA-HB-erthrocytes.

Serological Assays. Anti-ABA Abs were isolated by affinity chromatography

on an ABA-BGG-Sepharose I, B column (117). Radiolabeling of Abs was done in

the solid phase as described by Herzenberg and Herzenberg (118). Briefly,

10 ug of a pool of anti-ABA Abs was passed over an ABA-BGG-Sepharose l;B

125, by the chloramine-T method (119),column, washed, iodinated with

area, and followed by elution of labeled Abs with a solution (pH 8.0) of

0.5M p-arsanilic acid plus l mg/ml. BSA. Eluted Abs were exhaustively di

alyzed to remove free hapten.

Hapten Inhibition of PFC. RAT (ABA-L-Tyrosine) was prepared (by Dr.

D. Nitecki, UCSF) as described previously (116) and dissolved in EBSS in

half-log concentration intervals. Three ml of the indicated concentration

of hapten solution was overlayed on the agar immediately after hardening

in individual Petri plates. After 1 hr incubation at 370 C, guinea pig C

and rabbit anti-mouse IgG were added directly to the hapten solution, fol

lowed by 2 hr further incubation. EBSS alone was overlayed on control

plates.

Culture Conditions
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Splenocytes were adjusted to either 5 x 10°/n (for ABA-Bru or ABA

"/ml (for SRC cultures) in culture medium (RPMI-1610 +LPS cultures) or lo

10% fetal calf serum -- Gibco, Grand Island, New York + Gentamicin +

HEPES), plated in .5 ml cultures, and left for 3 days at 37° C, without

rocking (SRC cultures were rocked), in an atmosphere of 7% 02, 10% CO2,

and 83% N2. Ag concentrations used were: 1/200 final dilution ABA-Bru, 1

ug/ml ABA-LPS, or 15 ul per culture of a 0.1% suspension of SRC (Colorado

Serum Company, Denver, Colorado). (2-Mercaptoethanol was generally not

added to cultures. ) Cultures with ABA–Bru or ABA-LPS as Ag were always

plaqued against normal RC, as well as ABA-HB-RC, since substantial numbers

of "nonspecific" PFC were induced in some cultures.

Modifications of these methods for the limiting dilution analyses are

given in the legend to Fig. W. In the hemolytic spot test, supernates

from the same well were spotted repeatedly (11-5 times) on the same point

on an agar surface (containing coupled RC), at approximately half hour in

tervals (to allow the fluid to soak in), prior to addition of C.

Hybridomas. The hybridoma used in the hapten inhibition studies AK-2.2

was prepared (by Dr. G. K. Lewis) according to Oi and Herzenberg (120) by

fusing NS-1 myeloma cells with spleen cells from an A/J mouse hyperimmun

ized with ABA-KLH. The spleen donor was given a single intravenous boost

of 50 ug ABA-KLH 11 days prior to fusion. Hybridoma AK-2.2 (IgG, K) was

selected with HAT, cloned twice by limiting dilution, and grown in DME H21

with 10% fetal calf serum. It was CRI* by anti-CRI inhibition of PFC.

The "optimal" protocol of Fazekas de St. Groth and Scheidegger (121) was

followed in preparing the anti-ABA hybridomas from ABA-Bru-immunized mice;

Sp2/0-Ag11 myeloma cells were used as the fusion partner. Generally, A/J

mice serving as donors received one i.v. injection of 0.2 ml of a 1.25%
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solution of ABA-Bru in PBS, followed, after at least 2 weeks, by 3

equivalent injections of the same Ag on 3 consecutive days. Splenocytes

were removed and fused one day after the last immunization. (All donors

received at least 3 injections.) Production of R16.7 was described by

Lamoyi et al. (11).

Cell Separations and Adoptive Transfers. Preparation of "B cell" frac

tions was generally done by treating cell suspensions with (monoclonal)

anti-Thy 1.2 plus guinea pig C (pre-absorbed with agarose). This treat

ment typically killed 30–50% of A/J splenocytes.

T cell-enriched fractions were prepared by incubation of splenocyte

suspensions, at 1-2 x 107 cells/ml, on plastic surfaces (side of culture

flask or bottom of Petri dish), which had been pre-coated with Rbt anti

mouse Ig (1 mg/ml solution of the latter, overnight at l■ o C). Surfaces

were also often "blocked" with a 2–5% solution of FCS in BSS or PBS, prior

to extensive washing with PBS, and application of cells. Cells were incu

bated on such surfaces at l” c for 30 min. , gently agitated, and left

still for another 30 min. prior to removal of nonadherent cells by pipet

ting.

In the adoptive transfer experiments involving primed and unprimed T

and B cell populations, the above procedures were (sometimes) combined

with a preliminary step involving B - T separation on the basis of dif

ferential agglutination with wheat germ agglutinin, as described by Bour

guignon et al. (121). This technique alone was found sufficient for

separating B and T cells from unprimed donors; however, there was too much

cross-contamination when the method was used with primed splenocytes, so

additional purification steps were required (i.e., anti-Thy 1 treatment

and panning). To assess the sufficiency of separation, irradiated control
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recipients received *p Or Bp alone, plus Ag.

The adoptive transfer protocol was essentially as given by Lewis and

Goodman (122), including the i.p. administration of heparin about ten

minutes prior to i.v. injection of cells into recipients. Recipients were

maintained on acidified drinking water several days prior to, and after,

X-irradiation (500–700 R).

Id Calculations and Statistics. The formula for percent CRI* Pfc used

was 3

(1 - [Pfc with anti-Idx/Pfc without anti-Idz]) x 100% = 3 Idz” PFC

Nonspecific PFC, as determined by plaquing against unconjugated RC, were

substracted out beforehand.

The statistical tests for assessing differences between two groups

were usually ones designed for nonpaired (independent) samples: either

the independent groups Student's t test or the nonparametric Wilcoxon rank

sum test (123). Only in the case of comparing the differences in CRI dom

inance between IgG and IgM PFC in the same animals was the t test for

paired samples used.
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III. RESULTS

A. Characterization of anti-ABA PFC Responses.

i. Preliminaries. How anti-Id inhibits. PFC. Anti-id Titration

A question raised at several points during these studies was that of

the mechanism of plaque inhibition by anti-Id}{ sera (or anti-Ig sera in

general) added to the plaquing medium. The two likeliest possibilities

are: 1) anti-Id}{ (or anti-IgM) works at a central, cellular level and

blocks secretion of Ig by plasma cells; or, 2) anti-Id}{ does not inhibit

Ig secretion, but, rather, it combines with anti-hapten Ab in the medium

and blocks its binding to haptenated red cells (RC) or interferes with C

fixation by bound Ab, thus preventing red cell lysis. Since the mechanism

of inhibition has relevance to interpretation of succeeding experimental

results, a few studies were done to distinguish between these possibili

ties (Table I). Adult A/J mice were immunized with SRC (0.2 ml of 1%

solution in PBS, i.v.), sacrificed at day 6–10, and their splenocytes were

divided into two equal portions. Both of these were incubated at 37°C for

10-15 minutes; however, into one portion was added goat anti-mouse IgM-–to

the same concentration as normally added to the agar for inhibiting direct

plaques. Both portions were then washed repeatedly and plaqued against

SRC. To some of the plates receiving normal (N), untreated splenocytes,

anti-ju antiserum was added. As the data in Table I show, preincubation of

splenocytes with anti-IgM caused little inhibition of PFC, whereas incor

poration of this antiserum into the medium eliminated virtually all PFC.

Similar results were obtained with splenocytes from mice undergoing secon

dary anti-SRC responses (data not shown). Similarly, preincubation with
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Rbt anti-CRI of splenocytes from A/J mice, responding to primary immuniza

tion with ABA-KLH in CDA, did not diminish direct anti-ABA PFC (lower

part, Table I) or indirect ones (data not given). Furthermore, in another

study (data not given) it was found that when sub-optimal concentrations

of anti-IgM were incorporated into the plaquing medium (i.e., such that

only 60% direct anti-SRC PFC were inhibited at 1 hour), then the degree of

PFC inhibition was highly dependent on plate incubation time. These data

are much more compatible with inhibition by direct blocking than with a

cellular "shut-off" model. Moreover, data of Cosenza and Köhler (58)

showed categorically that anti-Id}{ serum can inhibit PFC development by a

direct blocking mechanism: in some cases, they overlaid their agar with

an anti-Id}{-T15 serum solution one hour after first pouring their plates,

rather than immediately, as in the usual protocol; most anti-PC PFC were

Still inhibited.

The point of this analysis is that if anti-Id}{ inhibits Idx* PFC by a

direct blocking mechanism, then the same caveats apply here as in hapten

inhibition of PFC. The reason for this is that an equilibrium of the fol

lowingº “sº
X Yº

Rc", + — Rc■ ” +- * N X -º-
(The above diagram should not be taken as suggesting that anti-Id Abs need

necessarily sterically block the combining site of anti-X Abs to inhibit

plaque formation.) Inhibition will clearly depend on: 1) concentration

of anti-Id Abs in the medium; 2) local concentration of anti-hapten (X) Ab

around target RC (X-RC); 3) affinity of anti-X for X; ii) affinity of

anti-Id Abs for anti-x Abs. (Point 2 determines the time dependence fac

tor.) Ideally, in order to minimize the vagaries, one should use the

highest affinity anti-Id Abs available and in the highest concentration.



- 58 -

It seems that these two points can be reasonably conformed to only with

high affinity monoclonal anti-Id Abs; polyvalent antisera obviously con

tain a mixture of Abs of varying affinities, and, unfortunately, non

specific inhibitory factors of unknown type exist in heterologous (rabbit)

serum which severely limit the amount of antiserum which may be added to

each plate. For these reasons, new anti-Id}{ sera were always titrated

prior to use, i.e., to determine the maximal quantity which could be used

to give specific PFC inhibition. Analysis of the specificity of anti-CRI

sera by ELISA has been described in the Methods section. Specificity was

also checked in the plaque assay, and titrations were performed to deter

mine the optimal quantity of anti-CRI to be used per plate. Such a study

for one anti-Id serum, designated 3c, on primary and secondary PFC, is

shown in Fig. 1. The titration results are essentially as expected. In

hibition of PFC increases to a plateau level with increasing anti-CRI.

The "plateau" is typically not entirely flat, but shows a slight upward

slope, probably due to nonspecific inhibitory activity of the antiserum.

Since it was observed that some normal rabbit sera could inhibit plaques

at >101l per plate, only those anti-CRI giving maximal inhibition at 3

10}ll were used. Based on these results, 3c was routinely used at 10 jul

per plate. At this concentration, 3c caused little inhibition of A/J pri

mary anti-TNP and secondary anti-SRC PFC (Fig. I). Another anti-CRI serum

used in some of the experiments given here, IIb, gave similar satisfactory

results (data not shown) and was used at 6 jul per plate. .

Also shown in Fig. I (A) is a titration with a rabbit antiserum

prepared against a CRI” hybridoma antibody, HP R16.7 (14), kindly supplied

by Dr. A. Nisonoff. This antiserum gave substantial and almost equivalent

inhibition of the direct and indirect primary PFC, indicating that most
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CRI* Pfc in this response were CRI,” (see Results, Section C).

ii. Kinetic Studies of the A/J Primary PFC Response to ABA-KLH. The

kinetics of the primary response of A/J mice to a single injection of 500

ug ABA-KLH in complete Difco adjuvant (CDA), in terms of total PFC per

spleen and CRI* proportion of these, are shown in Fig. II. The results of

two separate experiments are given. Some of the differences between the

two studies may be attributable to differences in immunization protocol

(see legend to Fig. II). In spite of this, some interesting points of

concordance are apparent.

First, the IgM PFC show a biphasic course. Such "oscillatory" kinet

ics have been reported in other responses to different antigens (121,

125). The situation with respect to IgG PFC is less certain (compare 1A

and 2A). Both direct and indirect PFC per spleen were low on day 18

(Table II, line 2), and peaks were not detected after day 13.

A second point of particular interest is the very high dominance of

the CRI in both the IgM and IgG PFC populations which surpass 80% cRI* in

the course of the primary response (Fig. II). This finding did not corre

late well with previously reported lower values for hyperimmune antibodies

(l, 126), and there existed some uncertainty as to whether the difference

was due to the differing methodologies employed. To investigate this

point, a group of A/J mice which had been hyperimmunized with ABA-KLH in

CDA (>5 injections) was boosted with 50 ug ABA-KLH in PBS and plaqued 7

days later. The results (Table II, line 5) showed an approximate l- to

5-fold increase in direct and indirect PFC over the primary response.

More importantly, the IgG PFC were only 39% CRI*. IgM PFC showed a much

higher Id content--about 70%. If analyzed serologically, the overall CRI*
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percentage would undoubtedly be dictated mainly by the larger quantity of

IgG present. A clearcut "idiotypic maturation" had thus occurred in the

IgG population, and this resulted in good agreement between the present

and previous data. It should be pointed out (Table II, line ll) that an

imals undergoing a secondary response, induced 5 wks after an initial in

jection of ABA-KLH with the same antigen and checked on day 10, showed an

Id profile like that of hyperimmune animals (IgG PFC only 31% cRI*). It

thus seemed likely that the extreme Id dominance in the primary response

was real.

A third point worthy of note in the kinetic data is that the Id domi

nance of the CRI does not appear to be quantitatively equal between IgM

and IgG PFC, even for the earliest appearing IgG PFC. A statistical

analysis of IgM and IgG PFC in individual mice on the first day of appear

ance of IgG PFC (day 8 in study 1 and day 6 in study 2) showed that IgG

PFC were significantly higher than IgM PFC in terms of proportion of CRI*

PFC (P< .025 in study 1; P × .001 in study 2). This is strikingly illus

trated on day 6, Fig. 2B, where 100% of the IgG PFC were CRI*, while the

mean for IgM PFC was only about 60%. This result, with earliest IgG PFC

being 100% CRI”, was also seen in another study (data not shown). The

first indirect PFC in study 1 were "only" 76% CRI*. However, this value

increased to 90% by day 13, i.e., a slow, steady increase occurred. Dur

ing this time, though, the IgM PFC decreased steadily in terms of CRI con

tent from 62 to less than 30% (Fig II, 1B). A mechanism which could ex

plain this data is that CRI* IgM PFC were being preferentially switched to

cRI* IgG Pfc.

iii. Other Time Points and a Different Carrier
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After peaking on day 10, both direct and indirect PFC declined

steadily as indicated by the data for day 18 of the primary response

(Table II, line 2). The percentage of IgG PFC which was CRI” also had

dropped from a peak of 80–100% to only 56%. It was of interest to deter

mine whether the CRI made a transient recovery in early secondary IgG PFC.

This was apparently not the case because the Id profile at day 3 already

resembled that at day 10 in the secondary or hyperimmune responses, i.e. ,

IgG PFC at 30-40%. CRI” with IgM PFC higher at about 70% CRI” (Table II,

line 3).

The carrier protein KLH, coupled with ABA, was not unique in inducing

a strong Id dominance in the primary response. ABA-CGG gave a comparable

pattern, including the idiotypic maturation of IgG PFC (Table II, lines 6

and 7). The clonal dominance does not appear as great in this case, but a

complete kinetic analysis was not done, and so this may not represent the

CRI peak. Another T dependent antigen, ABA coupled to a human myeloma

protein, and administered in CDA, did not induce a detectable primary

response.

iv. Hapten. Inhibition of Primary and Secondary PFC. Affinity and Hetero

geneity

Inhibition of PFC with free hapten can provide estimates of avidity

and heterogeneity at the cellular level (127, 128). This technique was

used in order to determine if the primary response represents a more res

tricted population of antibody-secreting cells than the secondary

response, as suggested by anti-Id inhibition. Relative heterogeneity in

these experiments was based on the slope of the inhibition line between

H75 (molar concentration of inhibitor causing 75% inhibition of PFC) and
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H It can be seen that the data points describe a nearly straight line25°

in this region, with the primary response giving a steeper slope (lower

H75/H25) than the secondary response (Fig. III). For purposes of compari

son, and also to verify that this method probably was detecting avidity

distribution, AK-2.2 hybridoma cells, secreting IgG anti-ABA, were

plaqued. This hybridoma was derived by fusion of A/J anti-ABA-KLH hyper

immune spleen cells and NS-1 myeloma cells, and is CRI* by anti-Id inhibi

tion of PFC. A steep slope was obtained with H equal to 2.7. The75/H25
data thus suggest that primary IgG PFC approach a monoclonal population in

terms of avidity distribution, with secondary PFC being considerably more

heterogeneous.

The data are also informative as to avidity changes. Using the sim

ple relation worked out by Jerne et al. (115), K = 2/H50, where K is the

median association constant, the values given in Fig. III were obtained.

The results suggest that a ten-fold increase in avidity occurred between

the primary and the secondary response in IgG PFC. (IgM PFC were not

tested by this method because a very high concentration of free hapten was

required to give any inhibition). The association constant for secondary

PFC which was derived here is surprisingly close to that determined by

Kapsalis et al. (31) for the ABA system, using hyperimmune antibodies and

essentially the same ligand, ABA-tyrosine, in equilibrium dialysis. Since

the primary PFC were 88% CRI*, while the secondary were only 36% CRI*,
-

"idiotypic maturation" occurred concurrently with avidity maturation in

this PFC population, but they showed an inverse correlation (CRI declined

with increasing avidity).

v. Hapten Augmentable PFC Detectable in the Primary Response to ABA-KLH.
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In the course of studies on hapten inhibition of PFC, a curious

phenomenon was noted (Fig. IV): at low concentrations of inhibitor (<10-6

M ABA-L-Tyr), which were incapable of inhibiting ABA-specific plaques,

some augmentation of plaques, above the number seen in the absence of any

free hapten, was apparent. The results given represent data from a very

limited number of mice, i.e., only a single animal undergoing a secondary

response and two for the primary response data (IgG only). Because of the

small sample size, statistical determination of the significance of the

phenomenon is not appropriate; however, the augmentation appears to be

quite substantial for the primary, but not the secondary, IgG PFC.

Schrater, Goidl, and co-workers (129-132) have published a series of

papers dealing with the occurrence of "hapten-augmentable PFC" in the

spleens of mice responding to TI-2 (TNP-Ficoll) and TD TNP-BGG) forms of

TNP. They attributed the phenomenon to binding-site-specific, auto-anti

Id Ab. It was suggested that at the appropriate time during an immune

response (after the peak), hapten-specific plasma cells which were blocked

for Ab secretion, due to the presence of auto-anti-Id Ab attached to their

surface Ig, could be revealed by plating these in agar which contained a

8 -10-9low concentration of free hapten. The free hapten (10T M TNP-SAC

was optimal) was able to "wash away" site-specific anti-Id and rescue the

inhibited Ab-secreting cells, but was at too low a concentration to block

anti-TNP plaque formation. Goidl et al. (116) reported that the blocking

activity could be removed on a TNP-anti-TNP column, but not on a TNP

column. Furthermore, Schrater et al. (131) found that while BALB/c nu/nu

mice gave anti-TNP PFC responses to TNP-Ficoll, they did not show hapten

augmentable PFC; the interpretation was that the auto-anti-Id Ab response

was T dependent. Both of these observations were incompatible with the
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idea that anti-TNP Ab (i.e., in Ag-Ab complexes) was the blocking agent.

However, more recently, Brooks and Feldbush (133) reported the generation

of hapten-augmentable PFC in an in vitro system where DNP-OVA was the Ag;

in contrast to the previous studies, they could show that the relevant

blocking Ab was DNP-specific, and the actual blocking agent was most like

ly Ag-Ab complexes which could be "dissolved" from the cell surface with

low concentrations of free hapten.

The relevance of the above discussion to the present case is that the

results presented in Fig. IV may be taken as suggestive, but not con

clusive evidence that auto-anti-Id Ab is present and may be playing a role

in the in vivo responses of A/J mice to ABA-KLH. Indeed, recently pub

lished data of Ortiz-Ortiz et al. (1311) provides strong evidence that

CRIA-specific B cells (i.e., producers of auto-anti-CRI, Ab) are active in

normal in vivo anti-ABA responses, and that they tend to cause a relative

depression of CRIA expression.

vi. Isotype Distribution in anti-ABA-KLH Responses.

The possibility was considered that the early transient dominance of

CRI in the A/J anti-ABA-KLH PFC response was actually reflective of an

idiotype-isotype restriction. Thus, the earliest IgG PFC appearing in the

course of the primary response may have represented only a single IgG sub

class which tended to express strong CRI dominance; as the response pro

gressed, other subclasses, which did not express CRI, may have tended to

supplant the high CRI subclass. The data in Table III indicate that such

is not the case. Indirect PFC were developed with the appropriate Rbt an

tisera specific for mouse IgG subclasses (Litton Bionetics). The earliest

IgG PFC showed at least as much IgG subclass heterogeneity as did secon
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dary response IgG PFC. Furthermore, all four subclasses showed CRI

predominance in the primary response. (Since only Rbt anti-CRI was used

in this analysis, it is not known whether CRIA [or CRI, ) asymmetrically

predominated in certain of these subclasses.) Several conclusions are

discernible from the data. First, IgG1 is the predominant IgG subclass in

this response, both primary and secondary, with the average distribution

being 60-65% IgG1, 15-20% IgG2a, and the remaining 15–20% being IgG2b and

IgG3 combined. However, a few animals (1°, A/J No. 3, 5, 7) showed a

broader distribution than the average values might suggest, and IgG was2b

a substantial component of the responses of several animals. These

results are in accordance with the findings of Slack et al. (135) on IgG

subclass representation in TD responses, with the early serological

results of Nisonoff and co-workers (except that IgG1 is clearly not the

only subclass elicited or expressing CRI), and with cumulative hybridoma

data. Secondly, in most, but not all mice, CRI dominance levels across

the different subclasses is fairly similar. There are a few striking ex

ceptions, though, such as 1° A/J No. 5, 8, and 2° A/J No. 8. It is hard

to reconcile differences like those seen in No. 5 with the theory that

CRI-specific Tº cells are primarily responsible for determining the levelH

of CRI dominance in this response. In a more extensive analysis, Henry and

Lucas (11) found that levels of CRI expression were independent among IgG

isotypes within individual A/J mice in the secondary PFC response to ABA

KLH. -

Besides the aforementioned points, it might be noted that the data seem

to hint that CRI dominance may be maintained to a greater extent among

secondary IgG2a PFC than among secondary IgG, PFC; more results would be

needed to conclusively demonstrate (or disprove) this point, however.
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The results of Henry and Lucas (11) differ from those presented here

in that they found a considerably broader distribution of IgG isotypes in

the secondary anti-ABA PFC response of A/J mice, and no IgG1 predominance.

It seems likely that this difference is attributable to the distinct

routes of primary immunization: in the present experiments, it was i.p.,

whereas in the studies of Henry and Lucas, the primary injection was in

the footpad. The latter workers also used ten times less Ag than was used

in the present studies. Finally, differences in the types of IgG

subclass-specific developing reagents utilized may have contributed to the

variant results.

vii. Idiotype selectivity in the IgM to IgG switch in the anti-ABA-Bru

Response.

It has already been noted (Results, Sect. A., ii) that in the A/J pri

mary response to ABA-KLH, there appears to be an idiotype preference in

the isotype switch; the earliest IgG PFC were significantly more enriched

in CRI than the IgM PFC from which they were presumably derived. After

determining that substantial numbers of splenic IgG PFC were elicited in

secondary and hyperimmune responses to the TI Ag ABA-Bru, it became of in

terest to determine whether the Id-isotype asymmetry phenomenon also oc

curred in that response. Pilot experiments showed that the most con

sistently effective protocol for inducing early anti-ABA IgG PFC with

ABA-Bru was to give one i.v. injection of the Ag solution (0.2 ml, 1.25%

ABA–Bru in PBS) on day 0 and another on day 6, with plaquing on day 8.

The results in Table IV demonstrate that not only is the Id}{ selectivity

in the IgM to IgG switch apparent here, but it is even more pronounced

than in the anti-ABA-KLH response. The anti-Id reagent used in these stu
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dies, AD8, was a rat monoclonal anti-Id Ab which reacts with several pro

totypic cRI,” HP (136). In both cases, the early IgG is largely CRI” (and

cRI,”); however, the more pronounced IgM-IgG difference in the ABA-Bru

response is attributable to the fact that a lower percentage of the IgM

PFC (40%) types as Idz” than in the anti-ABA-KLH response.

It is important to note that only among these earliest IgG PFC was

CRIA (Id-AD8) found to be consistently dominant in the anti-ABA-Bru

response. At other times, CRIA content was highly variable and averaged

only about half of the percent figure for CRI* Pfc (see Results, sect. C).

viii. Limiting Dilution Analysis of the in vitro ABA-Bru response.

One explanation for the high CRI dominance seen in early anti-ABA

primary responses induced by ABA-KLH would be that this is simply a re

flection of the true situation existing among ABA-specific precursor B

cells in normal adult A/J mice. To test this hypothesis, a limiting dilu

tion analysis (137) of ABA-specific precursors would be indicated. Unfor

tunately, all attempts to induce anti-ABA PFC responses in vitro to TD Ags

(ABA-KLH, ABA-SRC) using virgin A/J B cells, even in the presence of ex

cess numbers of irradiated, carrier-primed Tº sources, failed. For thisH

reason, the limiting dilution analysis was done with ABA-Bru as Ag, and

the results are shown in Fig. W (see legend to Fig. W for methodology).

Wells containing anti-ABA Ab were detected with the hemolytic spot test on

ABA-HB-SRC. Sixty 75 ul cultures per B cell input point were used, with

results for one experiment given in Fig. V. Extrapolation from the 0.37

point on the ordinate (i.e., 37% nonresponding cultures) indicates that

one ABA-specific precursor, responsive to ABA-Bru in vitro, is present, on

average, in 8.5 x 10" virgin splenic B cells. The precursor frequency is
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thus 2.2 x 10-5 or 22 per 10% B cells. In another experiment, the value

obtained was 11 ABA-specific precursors per 10% B cells. These figures

are quite close to that determined recently by Sigal (35): 15 +8 ABA

specific precursors per 10° splenic B cells from normal, adult A/J mice.

Supernates from 29 positive wells were tested for the presence of

Id-AD8 by ELISA (kindly performed by P. Hornbeck); all 29 wells were Id

AD8 negative. This finding concurred with Sigal's results also, since he

found very little CRIA expression (< 3% of ABA* wells) in his experiments

where the splenic focus assay was employed. The result is not surprising

in view of data given in Results, sect. C, which shows that CRI, expresA

sion in vitro is very low (when unprimed B cells are used). In light of

the finding that ABA–Bru induces a substantial CRI -º- component amongA

anti-ABA PFC in vivo, even in the absence of T cells (Sect. C), it would

not seem correct to consider the in vitro results to represent an unbiased

precursor survey; rather, it is suggested elsewhere that B cells belonging

to one particular subset are preferentially stimulated in the in vitro

response.

ix. Cumulative Data: CRI Expression in Primary and Secondary IgM and IgG

PFC.

The purpose of the present section is to present cumulative data on

the A/J responses to ABA-KLH and ABA-Bru such that the extent of individu

al variation is displayed (Fig. WI and VII). In figure vi, left, CRI dom

inance among IgM and IgG PFC, elicited by a single i.p. injection of 500

ug ABA-KLH emulsified in CDA, is shown. Results for days 8–ll only are

included; this was around the peak of the response and the approximate

time that IgG PFC first appeared. The spread of CRI representation among
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the primary IgM PFC is clearly large; it exceeds, in fact, the variation

seen among IgM PFC in the primary response to ABA-Bru (Fig. VI). One

likely explanation for this greater variability is the presence of an ex

tra variable: the appearance of IgG PFC which tended to be highly en

riched for CRI (as is apparent from Fig. WI). It would not be surprising,

under the circumstances, if many animals showed IgM PFC which were quite

depleted of CRI, and this seems to be the case. In keeping with this in

terpretation, the IgM PFC in the ABA-Bru response showed an overall higher

# CRI* PFC mean value.

The "Id maturation" in the IgG, but not the IgM PFC population, is

also apparent from comparison of the left and right panels of Fig. WI.

Interestingly, the same phenomenon seems to occur in the anti-ABA-Bru

response (Fig. VII); however, , the extent of maturation seems to be less

marked there. (The "early" IgG PFC data was not obtained from a primary

response since only IgM PFC are seen after a single injection of ABA-Bru;

the protocol for inducing early secondary IgG in this response was given

in Results, sect. vii). It should be noted that some of the values given

for secondary or hyperimmune IgG PFC in Figs. WI and WII actually

represent combined values for both IgM and IgG PFC; i.e., in those cases,

anti-IgG developing anti-serum, but not anti-IgM blocking antiserum, was

added to the agar. However, since IgG PFC strongly predominated over IgM

PFC in secondary and hyperimmune responses to both Ags, the percentage

figures given should be largely reflective of IgG PFC. For unknown rea

sons, the number of secondary IgM PFC was very much dependent on the batch

of ABA-KLH used, in responses to that Ag. Thus, the batch used in the

earliest studies, i.e. , for the first kinetic study and to obtain the data

in Table II, gave very substantial secondary IgM PFC numbers. In con
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trast, two different batches used in all the other studies induced very

low numbers of secondary IgM PFC--so low, in fact, that they could not be

accurately enumerated when the standard 1/1000 of a spleen was plaqued per

plate in analyses of secondary and hyperimmune responses.

B. B and T Cell Contributions to Determining CRI Dominance Levels.

i - Effects of Pre-exposure to Hapten or Carrier

IgG PFC appearing early in an A/J primary response to ABA-KLH are

largely (85%) CRI*, while those present in secondary responses average

only l, 1% CRI*. The purpose of the experiments given in this section (B,

i. and ii.) was to determine whether this decrease was a function of the

expansion of a (carrier?) specific T cell population, or due to irreversi

ble changes (somatic diversification?) in the ABA-specific B cell popula

tion following Ag-initiated proliferation and differentiation. To this

end, the first experiments (Table W) addressed the question of the effects

of a preceding priming step with either carrier (KLH) alone, or with hap

ten (on a heterologous carrier, BGG) alone, on a subsequent "primary"

response to 500 ug ABA-KLH in adjuvant. The initial injection of Ag was

in PBS, because in preliminary experiments it was found that pre

immunization with CDA caused a nonspecific inhibitory effect on subsequent

responses to ABA-KLH in CDA. The results in Table V can be summarized by

saying that pre-immunization with carrier or hapten (on a heterologous

carrier) led to a decrease in the level of CRI dominance in a subsequent

"primary" IgG anti-ABA PFC response elicited by ABA-KLH. Interestingly,

the mean $ CRI* PFC seen in the manipulated (pre-injected) animals was

57%, which is very close to being midway between 84% (primary IgG mean {

CRI* value) and #1% (secondary IgG mean CRI* value). It also is similar
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to CRI levels seen in late primary response IgG PFC (i.e., day 18). This

summary applies only to IgG PFC; the IgM population showed little, if any,

(consistent) change as a result of the pre-injections.

The effect of pre-exposure to hapten or carrier on the magnitude of

the PFC response is also of some interest. Pre-exposure to ABA led, in

most cases, to a modest increase in PFC numbers. The effect of pre

sensitization to KLH, however, was strikingly different in the two dif

ferent experiments given in the top portion of Table W. In one case

(Expt. 2), little change was seen, while in the other (Expt. 1), some

suppression mechanism seems to have been activated. This suppression may

be related to that described recently by Herzenberg et al. (138). It

might be noted that this suppression probably does not have an idiotypic

basis since IgG PFC magnitude was reduced by 80%, while the proportion of

CRI* Pfc decreased by only 25%.

ii. Adoptive Transfer Experiments with Primed and Virgin T and B Cells.

The approach used in the preceding section to address the problem at

hand has some obvious drawbacks. For example, when mice are pre-injected

with ABA-BGG in order to induce expansion and differentiation of ABA

specific B cells, it is clear that a similar expansion of ABA-specific T

cells should occur. Since ABA-Tyr can act as a carrier epitope in mice

(139), a population of primed, carrier-specific Th cells may exist in an

imals primed with ABA-BGG prior to challenge with ABA-KLH. The ideal way

around the difficulties would be to purify T and B cells from ABA-KLH

primed mice (T,), Bo) and to mix them, in adoptive transfer, with their

unprimed counterparts (Ty, B,) in the four possible combinations: Bp Tp,

Bp Tv, Tv Tp, and Bv Tv. Irradiated recipients of these cell combinations
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would then be challenged with 500 ug ABA-KLH in CDA and assayed for £ CRI*

IgG PFC after 9 days.

Experiments of the above type were done, and the results are given in

Table WI. B and T cell separation involved: 1) anti-Thy 1.2 plus C

treatment for preparing the B cell fraction; 2) incubation of cell suspen

sions on plastic surfaces pre-coated with Rbt anti-mouse Ig for prepara

tion of the T cell-enriched fraction; and sometimes in conjunction with

these, 3) selective agglutination separation with wheat germ agglutinin.

(See Materials and Methods for details on these procedures and for con

trols performed.) The data in Table VI concurs with that presented in the

preceding section in suggesting that the state of priming of both B and T

cells is relevant and influences the extent of CRI dominance seen in a

subsequent response. Both of the "mixed" groups (2 and 3) showed inter

mediate levels of CRI expression. To test the hypothesis that the state

of priming of the B cell population affects the CRI level, one can compare

the results for groups 1 (24%) and 2 (1.3%), where only the nature of the B

cells differed (significant difference, P × .05). Likewise, a T cell con

tribution is supported by comparison of groups 2 (1.3%) and li (82%), where

the difference was also significant (P & .05). Groups 2 and 3 did not

differ to a statistically significant degree (by the Wilcoxon rank sum

test).

Considering the extent of lowering of CRI dominance which occurred

when either the B or the T cell population alone was Ag-primed, one need

only postulate an additive, not a synergistic effect, when both of these

cell types are primed, in order to obtain a level of CRI expression typi

cal of normal in situ secondary responses to ABA-KLH.
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C. Altered Id Profile in TI Responses.

Most of the experiments given up to this point treated "the CRI", de

fined using the standard Rbt anti-CRI reagent, as though it were a single

entity. In fact, as noted in the Introduction (see Fig. 1), Rbt anti-CRI

sera show reactivity with distinct Id}{ families represented in the A/J

anti-ABA Ab response. The results to be presented in the two succeeding

sections were obtained using anti-CRI sera of finer discriminatory power

than the standard Rbt reagent, i.e. , CRIA-specific antisera (Rbt anti-Id

R16. 7 and AD8). The data suggest that the A/J anti-ABA responses elicited

by ABA-KLH or ABA-Bru are not as similar as previously indicated and pro

vide important clues regarding the causes for Id}{ dominance, and temporal
alterations thereof, which were demonstrated earlier.

i. Disparities between Rbt anti-CRI and a monoclonal anti-V region Ab in

Inhibition of ABA-Specific PFC.

Initial indications that the Id character of the Ab response to ABA,

induced by TI Ags such as ABA-Bru and ABA-LPS, differed from that induced

by TD ABA Ags came from PFC inhibitions using a monoclonal rat anti

idiotope Ab, referred to as AD8 (kindly supplied by P. Hornbeck, UCSF)

which defines Id-AD8. Some properties of this mAB are (136): 1) it

reacts to a substantial extent with anti-ABA Ab from A strain mice, but

not with that from several other strains (i.e., BALB/c, NZ5, C57BL/6; 2)

it reacts with several HP which strongly express CRIA, such as R16. 7 and

36-65, but not with several non-CRIA HP, including Some which are cR1.” Or

+

CRIe, ; and 3) binding by AD8 is unrelated to constant region properties

of the test Ab and is inhibitable with soluble ABA-proteins. Adult A/J
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mice were immunized with one or more injections of either the TI-1 Ags

ABA–Brucella or ABA-LPS or the TD Ags ABA-KLH or ABA-CGG (the latter two

in adjuvant). Percentages of primary or hyperimmune ABA-specific PFC in

hibitable with Rbt anti-CRI or with AD8 are given in Table VII. The basic

conclusion derivable from the data shown is that CRI expression, as de

fined by the Rbt anti-CRI serum, correlates well with the expression of

Id-AD8 in TD, but not TI, responses. From the ratio values given, one can

conclude that

80% of CRI* PFC (defined by Rbt anti-CRI) induced by hyperimmunization

with ABA TD Ags, and greater than 90% of those in the early primary

response to ABA-KLH are also Id-AD8*. In contrast, only slightly greater

than half the CRI* PFC in the in vivo TI responses were also Id-AD8°.

(Incorporation of both AD8 and Rbt anti-CRI into the plaquing medium did

not result in additive inhibition--data not shown.)

Individual inhibition ratio values are given for several mice for the

primary responses to ABA-KLH and ABA–Bru (Table VII, lines 1 and 11). They

show that, in contrast to the ABA-KLH response, where the correlation is

very close for all animals, the individual ratio values vary widely in the

ABA–Bru response, from .21 to .82. The mean ratio values between these

primary responses (TI vs. TD) differ significantly (probability of equali

ty, P × .001). The most striking disparity is seen in the in vitro

responses to the TI Ags. Here Id-AD8 expression is practically nil even

though most PFC are CRI*.
-

Studies of ABA-specific hybridoma mAbs of A/J origin (see below) and

of serum A/J anti-ABA Abs (136) indicate that while CRIA and Id-AD8 are

usually co-expressed on Ab molecules, this is not invariably the case.

While the exact nature of the determinant recognized by AD8 is not clear,
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the data suggest that there are W region differences in the ABA-specific

Abs induced by the TD and TI Ags.

ii. CRIA Does not Dominate the CRI* Component of ABA-specific TI Ab

Responses.

In the next assays, a polyspecific rabbit antiserum directed to the

Id of HP R16. 7 (i.e., the defining antiserum for CRIA positivity) was used

to examine whether CRIA dominated the CRI” part of the ABA-specific Ab

response induced by ABA-Bru and ABA-LPS, , as it does in the hyperimmune

response to ABA-KLH (13). A/J mice hyperimmunized with ABA-Bru produced

sufficiently high titers of anti-ABA Abs (mostly IgG) for serological

analysis. Sera were obtained from A/J mice hyperimmunized (> 3 injec

tions) with either ABA-Bru (5 mice) or ABA-KLH (l, mice) and tested for to

tal content of anti-ABA Abs and the proportion of these which were CRI,”.
The data in Table VIII indicate that the anti-ABA titers of the ABA-Bru

sera averaged about 20 times lower than that of the ABA-KLH sera. This

result is different than that seen by plaque assay where hyperimmune

responses to both these Ags were often comparable (Table VII). However,

the discrepancy may be attributable to the fact that the serum Ab assay

would detect Ab accumulation, whereas the PFC analysis provides an "in

stantaneous" picture only. (These particular ABA-Bru-hyperimmunized mice

were not examined by the plaque assay; the difference from the ABA-KLH

immunized animals might, however, have shown up there also).

Anti-ABA Abs from all the serum samples were individually purified on

an ABA-BGG-Sepharose column and tested for their capacity to inhibit the

binding of *1-labeled HP R16.7 to Rbt anti-CRI (Table VIII, column 3).

An average of 39 ng of Abs from the ABA-KLH sera was required to cause 50%
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inhibition, whereas about 7 times as much--282 ng--was required from the

ABA–Bru sera. This demonstrates that, on a proportional basis, ABA

specific Abs induced by ABA-KLH contain seven times as much CRIA as those

induced by ABA-Bru. However, a substantial fraction of the Ab in the

anti-ABA-Bru serum was nonetheless CRI*, as shown by the data in the last

l, columns, Table VIII. A pool of ABA-specific Abs from the ABA-Bru sera

was prepared by combining equal weight quantities from each of the sam

1251. A total of l.2% of the Absples, followed by labeling these with

(which is 60% of the maximum precipitable) could be precipitated with the

anti-CRI reagents, anti-Id R16.7 and anti-CRIs. (Anti-CRI, is a Rbt

anti-CRI serum pre-adsorbed on an HP R16.7-Sepharose ll B column.) In

terestingly, more than twice as much material was precipitable with the

anti-CRI, serum as with the anti-Id R16.7 serum (30% vs. 12%, respective

ly). This result has never been seen with anti-ABA Abs induced by ABA

KLH. For comparison, results obtained using pooled anti-ABA Abs from

ABA-KLH sera (different from those used in the inhibition assay) are also

presented in Table VIII). 72% of these Abs were precipitable with Rbt

anti-CRI and 55% with Rbt anti-Id R16.7, indicating that 76% of the CRI*

Abs were CRIA’, while only about 24% were CRI,”. Except for the somewhat

unusually high percentage of CRI* Abs (30–50% is more typical), this

result is similar to those reported previously by Brown et al. (13), who
found that about 50% of a pool of A/J anti-ABA Abs from ABA-KLH-immunized

mice was reactive with Rbt anti-CRI, about 1.0% with Rbt anti-Id R16.7

(i.e., 80% of CRI* Abs were CRI,”) and < 10% with anti-cR1,.
(Most of the serological work reported above was performed by Dr. E.

Lamoyi, Rosenstiel Research Center, Brandeis University, Waltham, Mas

sachusetts. The data are given here because the author played a contribu



- 77 -

tory role in its generation, and because it is an important adjunct to the

PFC analysis.)

The question of relative CRI, expression in the TI vs. TD responsesA

was also explored by plaque analysis. We examined the extent of CRIA dom

inance among CRI* Pfc induced in primary responses to ABA-TD and ABA-TI

Ags using anti-Id R16.7 as an inhibitor. The results in Table IX are

similar to those obtained using AD8 as an inhibitor of plaques. The ratio

values (anti-Id R16.7/anti-CRI) of .92 and .96 for ABA-CGG and ABA-KLH,

respectively, indicate that > 90% of the cRI* Pfc induced by these TD Ags

Were CRI,”. In contrast, only about 50 to 60% of cRI* Pfc induced in vivo

by ABA-Bru or ABA-LPS, respectively, were CRI,”. Once again, these lower

average values were due to the presence of some individual animals showing

poor correlation for inhibition by Rbt anti-Id R16.7 vs. Rbt anti-CRI,

along with some that showed good correlation. Note also that CRI, expres–A

sion is very weak in the primary in vitro response to ABA-Bru: less than

30% of the cRI* Pfc were CRIA’, and this figure may actually be somewhat

artifactually inflated due to some non-specific inhibitory activity (up to

15%) of the particular Rbt anti-Id R16.7 used.

iii. CRI., , is Only Weakly Expressed in the TI responses.

The preceding data indicate that one or more members of CRIn is at

least equi-dominant with CRIA in in vivo responses to ABA T1-1 Ags, and

considerably more preponderant in in vitro responses to the same Ags. The

possibility was considered that most of the CRI,” PFC induced by the TI

Ags were cR1e,”. The data in Table X indicate that this is not the case.
+

tPFC inhibition by a Rbt anti-CRIs, antiserum prepared against the CRI,
HP 36-60 (anti-Id 36-60 kindly provided by Dr. A. Marshak-Rothstein,
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M.I.T.) was practically negligible for the anti-ABA responses induced by

the TI Ags. In contrast, this same antiserum completely inhibited PFC

produced by the cR1.” (i.e., BALB/c origin) hybridoma cells, CH. BALB

(kindly provided by Dr. C. Henry and M. Slomich, UC Berkeley). We con

clude that CRIe, is also only a minor CRI in the TI responses and that the

TI Ags mostly activate PFC secreting Abs bearing uncharacterized member(s)

of CRIm. This assumption seems justified because: 1) the CRIe-CRIe,
(92D5) family shows little sequence heterogeneity (17); and, 2) Marshak

Rothstein et al. (1110) showed that Rbt anti-Id 36-60 reacted with 1,5–50%

of BALB/c anti-ABA Abs, which is similar to the proportion that has been

reported to react with a Rbt anti-CRI serum prepared against affinity

purified BALB/c anti-ABA Abs (12); thus, anti-Id 36-60 seems to recognize

a substantial fraction of CRI, idiotopes.

It is clear from the above that the nature of the CRI,” Abs induced

by the TI-1 forms of ABA is completely undefined. Two possibilities are

that these are related to the newly discovered, heterogeneous 96B8 family

(17), or, that they are structurally CRI,-related, but are highly mutatedA

somatic variants (or employ "inappropriate" W region elements, i.e., wrong

L chain for CRIA expression). Structural and serological studies will be

necessary to resolve this point.

iv. Idiotype Characteristics of Hybridomas produced. Using ABA-Bru

Hyperimmune A/J Splenocytes.
-

ABA-specific hybridomas were produced by fusing splenocytes from

ABA–Bru-hyperimmunized A/J mice (>3 i.v. injections ABA-Bru) with myeloma

cells of the SP2/0-Agll line. Eleven were chosen for Id characterization

on the basis of consistent (indirect) plaque formation. The data in Table
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XI show that these have the Id characteristics that would be expected

based on response analysis. Three are CRIT, four are CRIA’, and four are

CRI,”. Three of the four CRI,” hybridomas make plaques inhibitable with

AD8, whereas none cf. the CRI,” hybridomas do. Interestingly, most of the

CRI,” hybrids show only partial inhibition with the standard quantity of

Rbt anti-CRI incorporated into the plaquing medium. This standard amount

had been determined in titrations using PFC from mice undergoing primary

responses to ABA-KLH--a CRI, dominanted response. The likeliest explanaA

tion for the partial inhibition observed here is that, while this dosage

of Rbt anti-CRI contains sufficient anti-cRI, Abs to inhibit CRI,” PFC

completely, it does not contain adequate quantities of Abs to the ap

propriate members of the heterogeneous, minor CRI, population (20) to give

total inhibition of the CRI,” hybridoma PFC; that fraction of hybrid cells

having the highest Ab secretion rate escapes inhibition. In fact, incor

poration of slightly higher quantities of Rbt anti-CRI into the agar led

to complete inhibition of all the CRI,” PFC. (Note that these data, along

with others presented earlier (Table I), in conjunction with that reported

by Cosenza and Köhler [58], demonstrate clearly that the mechanism of in

hibition of PFC by anti-Id in the plaque assay does not involve a turn-off

of secretion at the cellular level.)

v. Weak Expression of CRIA in TI Responses is Probably not due to Ts Cell
-

Activity.

One possibility to explain the weak expression of CRIA in the TI

responses, compared to TD responses, would be that CRIA-specific Ts cellsA

are more active in the former than in the latter. On this basis, if T

cells are eliminated, it would be expected that the CRIA/CRI ratio would
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increase among PFC induced by ABA-Bru. In fact, the data in Table WI show

that this does not occur. Normal or anti-Thy 1.2 plus C-treated spleen

cells (2.5 x 10° per .5 ml culture) from unprimed or SRC-primed (day -3)

A/J mice were cultured in the presence of ABA-Bru or SRC, respectively.

Cultures were assayed on day 3. The data show that anti-Thy 1.2 treatment

did not decrease the number of PFC induced by ABA-Bru, but it did reduce

the (secondary) anti-SRC PFC by 85%. (The anti-SRC response has been re

ported by others to contain a small TI component [11,1]. However, the

cR1,7cRI ratio was not increased in the cultures containing cells treated

with anti-Thy 1.2 plus C; if anything, it decreased (the difference, how

ever, is not statistically significant). Precisely analogous experiments

were done using adoptive transfer methodology (lower half of Table XII).

Irradiated recipients (600R) received l–5 x 107 normal untreated or anti

Thy-1.2 plus C-treated splenocytes, followed by either ABA-Bru or SRC

(control). The results were similar--the CRIA/CRI ratio did not increase.

Furthermore, in a few experiments, anti-Thy 1.2 treatment was replaced by

an elimination step using anti-Lyt 2.2 plus C. Again, comparable results

were obtained (data not shown). These results tend to rule out the possi

bility that the different Id profiles seen in the TI vs. TD responses are

due to the differential action of TS cells.

D. Evidence that CRIA is Preferentially Expressed by Lyb 5* B Cells.

-

i • Anti-ABA Responses of Fi Progeny of A/J and CBA/N Mice.

To test the proposition mentioned in the title of this section (D),

f progeny of CBA/N females and A/J males (NAF, ) were bred, as were pro

geny of A/J females and CBA/N males (ANFA). Of the four types of offspre
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ing resulting--NAF, 2, NAF, G, ANF, 3, and ANF, G --only the NAF, d"
should express the xid defect. Seven to eight mice from each of these

groups received one i.v. injection of 0.2 ml of a 1.25% suspension of

ABA–Bru and were plaqued on day H. Magnitude of the responses and 7. CRI,”
PFC are indicated in Fig. VIII. (The xid defect does not result in a

change in kinetics of the response to ABA-Bru--data not shown.) It can be

seen that the magnitude of the response varied considerably for the four

groups. The defective males showed the lowest average number of plaques

(3,395); however, this value was not significantly different from the mean

for the ANF, % mice (3,129). If these figures can be generalized to A/J

mice, then it could be concluded that Lyb 5T B cells may substantially

contribute to the in vivo primary response to ABA-Bru.

Regarding the CRI * content of the PFC response, it is apparent fromA

Fig. VIII that there is a difference between the normal animals and the

xid-expressing NAF, d" mice: the three normal groups gave average values

of 35-10% CRI,” PFC, while NAF, d" mice showed about 16% CRI,” PFC. All

three normal groups differ significantly from the NAF, d" group value

(probability of equality P × .05, by the two-tailed Student's t test for

independent groups [123]). Interestingly, the depression in Id}{ dominance

was only apparent if CRIA-specific antisera were used for inhibition; the

* CRI* PFC for the four groups were: NAF, 9, 60%; NAF, d", 68%; ANF, 9,

71%; and ANF, d', 66%. Thus, only the CRI, component is depressed in xidA

-mice.

NAF, & and 3 mice were also compared in their responses to ABA-KLH

(Table XIII). Geometric mean PFC/spleen values indicate that xid mice

made responses only about 1/5 the magnitude of the normal animals in the

primary response. In the secondary responses, the mean PFC/spleen value
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for NAF, d" mice was 22% of the NAF, 9. response. If these numbers can be

generalized to the A/J system, then Lyb 5* B cells probably contribute the

major part (80-85%) of the primary and secondary anti-ABA PFC responses

induced by ABA-KLH.

NAF, $ mice differ from A/J mice in that their primary anti-ABA-KLH

responses show less CRIA dominance. (CRIA representation in the primary

responses of NAF, d" mice could not be assessed at the splenocyte dilution

used due to the low magnitude of the responses.) The mean of 27% CRI,”
PFC for the NAF, 9, in the secondary response, is significantly higher

+

A

PFC shown by the NAF, d" group. Once again, however, this depression was

(P “.05, by the independent groups t test) than the value of 12.5% CRI

not seen if the anti-Idz sera used was Rbt anti-cri (*: 31%, 3' + 26%),

again suggesting that only the CRI,” portion was reduced in the xid

responses.

ii. Responses to Cell Surface-Associated ABA-Bru.

As noted in the Introduction, Boswell et al. (102) discovered that

only Lyb 5* B cells were capable of responding to TNP when it was present

ed in the form of splenic adherent cells pulsed with TNP-Brucella. In

order to examine the question of CRI, representation among ABA-specificA

A/J B cells belonging only to the Lyb 5* subset, a similar strategy was

attempted in the present system. Splenocyte suspensions were prepared,
7irradiated with 3000 R, adjusted to 2 x 10" cells/ml, and pulsed with

ABA-Bru (0.1% in EBSS) for 90-120 minutes at room temperature. Cells were

then washed extensively (six times with two changes to different conical
7tube containers), followed by injection of 11–5 x 10' of these "presenting

cells" i.v. into normal recipients. Recipient mice were plaqued on day l;
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(see Table XIV). A/J mice gave low but significant responses (1500–7000

PFC/spleen) when the presenting cells were derived from normal A/J mice.

Normal animals (ANF, 3 ) could also respond when the presenting cell

source was xid-expressing mice (NAF, d'--line 3, Table XIV). However,

xid-expressing mice (CBA/N or NAF, d" ) did not respond to cell surface

associated ABA-Bru (lines 1 and 2, Table XIV). This would suggest that

the PFC response in A/J mice was wholly mediated by Lyb 5* B cells. As

controls, A/J mice were also injected with 1) non-pulsed A/J presenting

cells or, 2) .5 ml of supernate from the final wash of ABA-Bru-pulsed

splenocytes; there was no response in either case.

In keeping with the model suggested in the Discussion section, the

anti-ABA responses of the A/J mice were highly CRI dominant (87%) and

predominantly Id-AD8” (78%) also. The Id-AD8/CRI ratios for the seven

mice were: .93, .97, .90, .89, -91, .87, -76. These values are similar

to those seen in TD anti-ABA responses (Table VII) and significantly

higher than those determined for (ten) A/J mice undergoing primary anti

ABA PFC responses induced by i.v. injection of 0.2 ml of a 1.25% solution

of ABA-Bru (probability of equality P × .01 by the Wilcoxon rank sum test).
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IV. DISCUSSION

The primary purpose of this section is not to recapitulate the data

given in Results, but to attempt to explain them. To that end, a model of

the A/J Ab response to TD and TI-1 forms of ABA is synthesized which is

compatible with, and indeed based on, current immunological knowledge. It

is possible to keep purely speculative points, which lack experimental

justification, to a minimum in such a model. Some of the key points

brought out in the reported studies which require addressing are: 1) the

strong CRI (and CRIA) dominance seen early in the primary response to

ABA-KLH which diminishes with time in the IgG, but not the IgM PFC popula

tion, i.e., "Id maturation"; 2) the apparent CRI selective preference in

the IgM to IgG switch and its more pronounced character in the ABA–Bru

than in the ABA-KLH response; ll) the relatively weaker and highly variable

levels of CRIA expression in the response to TI compared to TD forms of

ABA, and the particularly weak expression in vitro; 5) the relatively

stronger expression of CRIn in the TI compared to the TD anti-ABA

responses; and 6) the significantly weaker representation of CRIA in

anti-ABA responses of xid-expressing, but not of normal, progeny of CBA/N

and A/J mice.

Two different types of models which most readily come to mind to ex

plain the results are based on the activities of particular lymphocyte

subpopulations--either B or T cell. In the latter case, one would attri

bute the apparent Id-specific effects just noted to the regulatory activi

ty of CRI-specific th and/or *s cells, in accordance with the network

theory (1). In fact, however, the model that the author considers to be

most consistent with the data, and which is presented below in greater de
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tail, based on the B cell. This model proposes that different Id} are ex

pressed to different extents by ABA-specific precursor B cells belonging

to two functionally distinct B cell subpopulations. In attempting to ex

plain the results obtained, more emphasis will be placed on the B cell

based model; however, the question will also be considered at various

points whether the Id-specific regulatory model could also account for the

phenomenon under consideration in a satisfactory manner.

A. A Model Based on B Cell Subsets

The particulars of the model are given in Table ll. Most of the

points listed have some experimental support based, in large measure, on

the work of Singer, Hodes, Mond, Scher, Kenny, and co-workers on proper

ties of the Lyb 5° and Lyb 5T B cell subsets, as related earlier in the

Introduction. Thus, the finding of Boswell et al. (102) that TI-1 forms

of TNP preferentially activated Lyb 5T B cells in vitro is the justifica

tion for the statement that B cells in this class bear a higher density of

polyclonal activator (TI-1 type)-receptors (142) than those in the Lyb 5’

class. (This is a likely, but only a hypothetical explanation for the em

pirical facts.) Likewise, the point regarding more receptors for th cell

factors on Lyb 5* B cells is based on the unresponsiveness of Lyb 5T B

cells to TRF (T cell replacing factor, i.e., supernates from Con A

stimulated splenocytes). Thus, the addition of TRF to cultures of anti

Thy 1 plus C-treated splenocytes restores the ability of these cells to

give primary in vitro PFC responses to SRC when they are derived from nor

mal, but not from xid-expressing mice (143). Similarly, treatment of nor

mal spleen cells with anti-Lyb 5 plus C also led to deletion of TRF

responsiveness (11!!!), indicating that only the Lyb 5* B cell subset can
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Table 4

CRIA’
CRIm’
LPS, TI-l type mitogen receptors

Th factor receptors

Activated in 1° in vitro TI-l
anti-ABA Ab responses

. Activated in 1°,2° in vivo TI-l
anti-ABA responses

. Activated early in 1° in vivo
anti-ABA TD responses

Activated in 2° anti-ABA TD
Ab Responses

Ab W gene diversification after
Ag stimulation (or selection of
high affinity variants)

Properties of A/J ABA-specific
B cell precursors in subset:

l 2
(Lyb 5’?) (Lyb 5-2)

75 - 100% 0 - 30%

0 - 10% 50 - 70%

low high

high low

- +

+ +

+ +/- or -

+ +/-

+ 2
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accept this signal. Actually, cross-linking of surface Ig on Lyb 5* B

cells by Ag or by anti-Ig Abs results in some major changes: 1) increased

expression of surface TRF receptors (93); 2) increased surface Ia (145);

and 3) initiation of proliferation (116). None of these changes occur

following equivalent stimulation of Lyb 5T B cells. Thus, as Mond (93)

suggests, these factors help explain why Lyb 5* B cells seem to be more

efficient at utilizing limiting quantities of accessory cell (Th and M%?)
elaborated help. Moreover, it fits well with the finding that xid

expressing mice may show primary responses to TD Ags such as SRC (117) and

PC-KLH (83) which are considerably more impaired, compared to normals,

than are their secondary responses to the same Ags. T cell help should be

more limited in primary than in secondary responses. These points explain

statements 7 and 8 on Table 1, which also have experimental support in the

present system (i.e., the highly impaired responses of NAF, xid mice to

ABA-KLH).

Point 6 in Table l; suggests that both the Lyb 5° and 57 subsets are

activated in vivo by TI-1-type Ags. The evidence supporting this conten

tion is largely indirect, with the strongest being that at certain low

doses, LPS induced responses in normal F1, but not xid-expressing mice

(118), indicating that the response may have been mediated solely by Lyb

5* B cells. There is little doubt that both B cell subsets can be stimu

lated to Ab secretion with TI-1 forms of TNP, since Boswell et al. (102)

reported that MO-associated TNP-Bru activated Lyb 5* B cells exclusively.

Furthermore, even when the same Ag was added directly to cultures, it was

reported that in some cases, significant activation of Lyb 5* B cells oc

curred (in addition to Lyb 5T B cells). Given these findings, it would be

surprising if both subsets did not contribute when stimulated under more
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optimal conditions in vivo.

The first two lines of Table l; give estimations for CRIA and CRI,
levels among ABA-specific precursors belonging to each of the two hy

pothetical B cell subpopulations. The estimates are based on data from

those responses where presumably only one of the two subsets was activat

ed. Naturally, the accuracy of the values depends entirely on the

correctness of other aspects of the model. The approximations for subset

1 (Lyb 5*) are based on Idy representation in: 1) the early IgG PFC in

the A/J primary response to ABA-KLH (Fig. WI); and, 2) the A/J anti-ABA

PFC elicited by i.v. injection of cell-associated ABA–Bru (Table XIV).

The estimates for subset 2 (Lyb 5T) are based on Idy expression in: 1)

the primary in vitro response of A/J splenocytes to ABA–Bru and ABA-LPS

(Tables VII and IX; point 3 in Table 1); and, 2) primary in vivo responses

Of NAF, 6 mice to ABA–Bru (Fig. VIII). Values for £ CRI, precursors are

obtainable by simply adding the CRIA and CRIn figures for the appropriate

subpopulation.

The question arises as to why these hypothetical precursor values

should differ so much from those determined recently in the response to

ABA-TGG-Hy by Sigal (35). First, as already mentioned in the Introduc

tion, it needs to be established whether ABA-TGG-Hy (Limulus) actually in

duces an anti-ABA response in A/J mice with an Id}{ profile similar to that

elicited by ABA-KLH. Assuming that it does, then the author would suggest

that in Sigal's system, almost exclusively ABA-specific precursors in sub

set 2 (Lyb 5T) were activated. At first, this explanation would seem

inadequate, considering the levels of CRIA expression expected from this

subset (0-30%); Sigal's data gave a mean value of 2.6% CRI,” precursors

with no more than 10% CRI,” in any individual animal. However, his cri
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terion for CRIA positivity was based on competition in a RIA, not on

direct binding. It seems possible that if supernates from the clones gen

erated by Sigal's methods were checked by direct binding, i.e., by Rbt

anti-Id R16.7, then the figures might have been more in accord with those

suggested in Table H for Lyb 5T B cells.

i. Id}{ and Affinity Maturation.

The likeliest explanation for the CRI and CRIA dominance seen in earA

ly A/J primary responses to ABA-KLH, in terms of the present model, would

be that B cells in subset 1 (Lyb 5*) are (almost) exclusively activated to

Ab secretion in such responses, and ABA-specific precursors belonging to

this subset are largely cri' (and CRI,”). This would fit well with the
highly impaired responses of xid-expressing NAF, mice to ABA-KLH (Table

XIII), and is in accord with the results of Kenny et al. (83) in the PC

system.

The next question is, Why does CRI dominance decrease with time among

IgG PFC in the response to TD ABA Ags? One possibility that initially

seemed attractive was that the Lyb 5T B cell subset contributed a rela

tively larger share to secondary responses, where T help is presumably in

excess, than to primary responses induced by these Ags. This is probably

not a satisfactory explanation for several reasons. For one thing, the

number of anti-ABA PFC in spleens of NAF, d" mice, following two injec

tions of ABA-KLH, was only about 20% of the average found for NAF, ° mice.
A similar, and only slightly lower proportion, was found in comparing the

primary responses to ABA-KLH of these two groups. While the extent to

which these differences can be attributed solely to B cells is unclear, if

these results can be generalized to A/J mice they would suggest that the
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Lyb 5* B cell subset is the major contributor in primary and secondary Ab

responses to ABA-KLH. Furthermore, various data would indicate that ABA

specific precursors in the Lyb 5T B cell subset are largely (50–100%)

cRI*, as indicated in Table H. Thus, activation of these in secondary and

hyperimmune responses would not necessarily be expected to cause a diminu

tion of the CRI content, as quantitated by PFC inhibition with Rbt anti

CRI, compared to primary responses. Finally, since many of the anti-ABA B

cells in the Lyb 5T subset seem to be CRI,”, one would expect that a con

siderable fraction of the CRI* PFC in secondary responses to ABA-KLH would

be CRI,”, CRIAT if PFC from this subset did account for a major portion of

the secondary PFC response. However, most (>80%) cRI* Pfc in secondary

anti-ABA-KLH responses were CRI,” (Tables VII and IX), and this figure is

not much lower than that determined for primary responses (CRI,”/CRI* = .9

- 1.0). Thus, all the data are consistent with the idea that B cells

derived from the Lyb 5T subset contribute only a little more, on a propor

tional basis, to secondary than to primary anti-ABA responses induced by

ABA-KLH, and in both responses, are overshadowed by the Lyb 5* component.

One important clue to the causation of the "Id maturation" phenomenon

might be the observation that the decrease in CRI content seems to be man

ifested exclusively by the IgG, not the IgM, PFC population. In this

respect, it is interesting to note that several publications (e.g., 149,

150) have reported that affinity maturation occurs within the IgG, but not

the IgM compartment of Ab responses to TD Ags. Since the evidence Sug

gests that affinity maturation does occur in the anti-ABA PFC response in

duced by ABA-KLH (Fig. III), it seems likely that the two changes are con

nected. Thus, it can be theorized that as the response to ABA-KLH

progresses, and the quantity of Ag present in vivo declines, high affinity
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CRIT somatic variants are selectively expanded relative to the cRI* Ab

producing cells. These CRIT variants probably derive from CRI* (cR1,”)
Ab-secreting B cells, considering the sequence analyses of "hyperimmune

HP" which have been reported (17, 26). The hypothesis that the Id}{ ma

turation might be attributable to the selective expansion of higher affin

ity Id}{T variants is fully compatible with the evidence of Kapsalis et al.

(31) which demonstrated that hyperimmune CRIT Abs had an average affinity

for ABA which was higher than that of CRI* Abs. It is not possible to

say, given the available data, when the CRIT variants are generated–-

either before or after Ag administration. In any case, this hypothesis

suggests that a permanent, irreversible alteration occurs in the B cell

population concordant with the Id maturation, which agrees with the data

from the adoptive transfer experiments with primed and unprimed T and B

cells (Table WI) where the state of priming of the B cells was found to be

relevant.

One problem with the theory that affinity maturation drives the Id}{

profile shift is the data (Fig. III and ref. 31) which strongly suggests

that quite an extensive amount of avidity increase is possible within the

CRI* PFC population. Given the heterogeneity now known to exist among

CRI* Abs, this finding is not particularly surprising. However, if affin

ity maturation served as the driving force of Id maturation, one would

necessarily be required to postulate that the higher affinity clones

should be present in the CRIT population, and that the property of CRI po

sitivity acted as some kind of affinity "constraint". That seems not to

be entirely true, considering the approximate 10-fold increase in avidity

which occurs in the ABA-specific (and CRI*) IgG PFC in the response to

ABA-KLH. From the data of Kapsalis et al. (31), it might be concluded
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that the CRIT population is capable of attaining a slightly higher affini

ty than the CRI* one; however, it is far from clear whether the difference

is great enough to justify calling affinity maturation a driving force for

Id}{ maturation. Rather than these two shifts, which both selectively in

volve IgG, being obligatorily connected, it might be suggested that they

are both actually related to a third factor, namely, selective somatic

diversification of Ab genes occurring in B cell clones that have switched

from IgM to IgG synthesis, which possibility is supported by the evidence

of Gearhart et al. (51). This diversification may take place after an

tigenic stimulation.

Another possibility that needs to be considered is that negative ele

ments might contribute to the decline in relative preponderance of CRI*

Abs during an immune response. Negative, suppressive regulatory elements

might include auto-anti-Id Ab and/or CRI-specific "s cells. There is some

evidence which tends to support this hypothesis. Hapten augmentable

plaques, which have been reported to be indicative of the presence of

auto-anti-Id Abs (129, 130), were detected in the primary response to

ABA-KLH (Fig. IV). Furthermore, Ortiz-Ortiz et al. (1311) recently found

that if A/J mice were rendered tolerant to Id-R16.7 by administration of a

large dose of deaggregated (ultra-centrifuged) HP R16.7, then the CRI,”
fraction of anti-ABA Abs appearing in subsequent responses to ABA-KLH was

increased. It was not established whether CRI-specific tolerance in the B

cell compartment was more or less relevant to the enhancing effect than

was a possible state of tolerance among T cells. At any rate, this data

provides strong evidence that Id-specific suppressive elements may be ac

tivated and expanded in the course of a "normal" Ab response to ABA-KLH.

In studies of Ortiz-Ortiz et al. (1311), secondary responses of CRIA
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tolerized mice to ABA-KLH were about 20-30% more CRIA-dominant than simi

lar secondary responses of normal mice. This is about half the difference

seen in CRIA-dominance levels between primary and secondary IgG PFC in

duced by ABA-KLH in the studies given herein. It is possible that the

presence of an expanded population of CRI,-specific suppressor cells (eiA

ther B or T) in Ag—primed splenocytes accounts for our finding (Table VI)

that the state of priming of the T cell source is relevant to determining

CRI expression levels in adoptive transfer experiments. Thus, the reason

that mixture of *p with Ty resulted, after Ag challenge, in an anti-ABA

response which was more CRI-dominant than that seen when the T cell source

was an Ag—primed donor, may have been that the Ty pool lacked: 1) an ex

panded set of CRIA-specific *s cells; and/or, 2) an expanded population ofA

Tº cells for CRIA-specific B cells (i.e., producers of auto-anti-Id Ab).h A

In conclusion, I would suggest that the Id maturation which typifies

several Id}{ systems (ABA-CRI, PC-T15, NP-a, and NP-b) has at least four

causative factors, one or more of which may tend to be more decisive in a

particular case. These are: 1) greater contribution by the Lyb 5T B cell

subset in secondary as opposed to early primary responses (probably impor

tant in the PC-T15, but not the ABA-CRI system); 2) generation, and accu

mulation, during the immune response, of IgG-secreting Id}{T variants which

retain sufficient binding affinity for the immunizing hapten to be ac

tivated; 3) affinity maturation; and, li) expansion of Id}{-specific

suppressive regulatory elements (i.e., *s cells or auto-anti-Id Ab). As a

warning against attributing causation of Id}{ maturation solely to the last

mentioned factor, it should be noted that Hiernaux et al. (151) recently

examined the possibility that the Id}{ maturation seen in the BALB/c

response to the carbohydrate portion of LPS was due to auto-anti-Id Ab;
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they were unable, however, to detect any such Ab. (This does not, of

course, rule out the participation of Id}{-specific *s cells.) While most

Idx systems that show "maturation" demonstrate early dominance followed by

relative abatement, it has been reported (152) that the major Id}{ appear

ing in the A/J and B10. A Ab responses to hen egg white lysozyme show a re

versed kinetic pattern. There, the major Id K only assume dominance late

in the primary response, with maintenance of preponderance in secondary

and hyperimmune responses. The causes for this opposite pattern are not

known.

ii. Id). Preference in the Isotype Switch

The finding that the earliest IgG PFC in the anti-ABA-KLH response

were often significantly more enriched for CRI than were the IgM PFC, from

which they presumably derived, seemed to provide strong suggestive evi

dence that Id-specific regulation was occurring in this "normal" immune

response. Thus, it was postulated that both the high early CRI content

and the Id}{ preference in the switching step were attributable to the re

ceipt of "extra" (i.e., Id-specific) T cell help by CRI* B cells, in addi

tion to carrier-specific T cell help. Such a possibility has not been

disproved; however, the observation that the phenomenon is detectable in

the anti-ABA-Bru response, and is even more pronounced, involves this

model in a contradiction (see below).
-

In fact, the B cell subset model can also account for the apparent

asymmetry in the switching step. If we assume that members of both sub

sets 1 and 2 (Table ll) are represented in the primary anti-ABA-KLH

response, that subset 2 contains a higher proportion of CRIT ABA-specific

precursors (up to 50%), and that B cells belonging to subset 1 undergo the
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IgM to IgG switch more rapidly than do those in subset 2, then the

phenomenon is explained. The justification for the last mentioned point,

i.e., that B cells in subset 1 should switch sooner, is the evidence from

other labs which strongly suggests (see Mond, ref. 93) that Lyb 5* B

cells, with which we equate subset 1, are much more efficient at utilizing

T- and/or accessory cell-generated help, than are Lyb 5T B cells. More

over, since the two subsets seem to be more equally represented in the in

vivo anti-ABA response induced by ABA-Bru, one would predict that the ap

parent Id selectivity in the switching step should be even more pronounced

in the response to ABA-Bru than in that to ABA-KLH. The data support such

a contention (Table IV). Clearly then, in the present model, the

phenomenon in question is resolvable by again postulating the asymmetric

receipt of "extra help" by only a portion of the B cell population. In

the B cell subset model, however, one simply avoids the assumption that

idiotypes act as specific focusing devices for such help.

iii. TI vs. TD Responses. In Vivo vs. In Vitro

The results given in this report which concern differences in Id pro

files elicited by TI and TD forms of ABA, in vivo or in vitro, can be ra

tionalized, as follows, on the basis of the B cell subset model (Table ll).

In early primary in vivo responses induced by TD Ags, the Lyb 5* Subset of

B cells is almost exclusively activated; this accounts for the high CRIA
content seen in such responses. Conversely, TI-1 forms of ABA largely ac

tivate only the Lyb 5T B cell subset in vitro, thus accounting for the

very weak expression of CRIA, along with the relatively strong representa

tion by CRIn- In vivo challenge of A/J mice with TI-1 forms of ABA leads

to stimulation to Ab-secretion of B cells belonging to both subpopula
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tions, with, however, one or the other subset tending to predominate in

some individuals. Experimental justification for most of these points has

been given previously. The one idea that is the most speculative is that

there are considerable inter-individual disparities in relative predomi

nance of either of the two B cell subsets in the in vivo responses to TI-1

Ags. There is no evidence from other investigators' work which specifi

cally addresses this matter. The only data given herein which might be

considered relevant to this point is that which demonstrates the broad

range of response magnitudes seen in different individuals responding to

TI-1 forms of ABA, such as ABA-Bru; see, for example, Fig. VIII. If vari

ability of this type existed independently for each separate B cell subpo

pulation within an individual animal, then the postulate in question could

be considered plausible.

One can only speculate about why unprimed CRI,” B cells seem so re

fractory to stimulation in vitro under all tested conditions since Lyb 5

positivity should not, in itself, have this effect. For instance, Boswell

et al. (102) elicited anti-TNP PFC responses in vitro from normal spleno

cytes using TNP-KLH or TNP-Fi coll as Ags. These PFC responses were medi

ated wholly by Lyb 5* B cells. Several attempts at inducing primary in

vitro anti-ABA PFC responses, with TD forms of ABA, failed in the present

studies. Such responses would presumably have been largely CRI “, likeA

the in vivo primary response. Two possibilities can be considered.

First, there might be a stringent affinity requirement for the interaction

of Ag with B cell surface Ab in order to initiate activation of Lyb 5* B

cells in vitro. This affinity minimum is met when TNP is the hapten, but

not with ABA (because of its more hydrophilic nature). A second possibil

ity would be that when TNP is used as hapten, the response generated in
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vitro by Lyb 5* B cells is due entirely to a pre-activated subset of B

cells, i.e., one "pre-primed" in vivo with epitopes on microorganisms

which are cross-reactive with TNP. Which, if either, of these two hy

potheses is correct will have to await further experimentation.

B. Inconsistencies in an Id-specific Regulation Model. Conjoint Models.

As already noted, one way to explain the occurrence of apparent Id

specific shifts and contrasts noted in the anti-ABA PFC responses of A/J

mice is to postulate that these result from Id-specific regulation presum

ably by T cells. In particular, the high CRIA dominance and Id preference

in the isotype switch in the primary response to ABA-KLH was initially

considered to reflect the activity of a CRIA-specific th cell. AttribuA

tion of the Id-specific phenomena noted in "Results" to T cell-mediated

regulation brings out, however, some rather striking inconsistencies. For

one thing, if the apparent CRIA selectivity in the isotype switch results

from CRIA-specific T cell help, then these Th cells must be considered to

be operating in the anti-ABA-Bru response because the phenomenon in ques

tion certainly occurs there. That raises the question, though, of why re

lative CRIA expression is weaker in the primary response to ABA-Bru than

it is in that to ABA-KLH. Furthermore, T cell removal caused little if

any change in the Id profile of primary anti-ABA-Bru responses in adoptive

transfers or in vitro (Table XII). This indicated not only that CRIA

specific *s cells were not causing the relatively weak expression of that

Id} in such responses, but also that Id-specific T, cells were not causingh

any major distortion of the precursor profile. The much more variable Id

profiles seen in the responses to ABA-Bru, as compared to ABA-KLH, seem

difficult to explain by an Id-specific regulatory model. If one postu
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lates that ABA must be coupled to a protein carrier, rather than a large

insoluble particle like Brucella, in order to activate CRIA-specific TA h

cells, then how is the greater predominance--on an absolute, not just a

relative scale--of CRI,” PFC in the anti-ABA-Bru response to be explained?

Finally, the observation that in A/J PFC responses to ABA-KLH, one IgG

subclass may be largely CRI*, while another may be largely depleted of CRI

within the same animal (Table III and ref. 11), seems to speak against the

idea that Id}{-specific T cells are rigorously determining CRI dominance

levels.

In the author's opinion, the B cell subset model explains the data

better than one based on T cell-mediated Id-specific regulation. It is

also a good model in a scientific sense in that it is falsifiable and

makes specific predictions. For example, based on the model, one would

predict that if it ever becomes feasible to induce an anti-ABA response

with a TI-2 form of ABA (so far, this has not proved possible), then this

response should show strong CRIA dominance since TI-2 Ags activate only

the Lyb 5* B cell subset (102). Moreover, any anti-ABA response elicited

in neonatal A/J mice under 7 days of age, or in lymphocyte populations

derived therefrom, should show only weak CRIA expression. At first, it

seems as though the data of Benjamin and Teale (153) contradicts the

model. These investigators reported that administration of deaggregated

ABA-HGG to A/J mice, prior to injection with ABA-KLH in CFA, led to selec

tive "tolerance" of CRI,” B cells. This would not be expected because Lyb

5T B cells are more susceptible to tolerance induction than are their Lyb

5* counterparts (see Table 2). However, the phenomenon may not have been

due to a simple, direct tolerance-deletional effect; for instance, *s
cells may have been induced. It is interesting to note that the same type
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of phenomenon has been reported in the BALB/c PC-T15 system by Etlinger

and Heusser (74) and more recently by Quintãns and Quan (154); in this

case, Id}{-T15 was preferentially eliminated. As already pointed out, evi

dence in that system strongly suggests that Id}{-T15 is selectively ex

pressed by the Lyb 5’ B cell subset (89).

The idea that functionally distinct B cell subpopulations may dif

ferentially express particular Ab W region elements is not entirely origi

nal. Besides the data of Kenny and colleagues already mentioned, Ward et

al. (155) and Primi et al (156) have also presented supportive evidence

for such an occurrence among B cell precursors specific for dextran and

galactosidase, respectively. The findings of Pasquali et al. (157) may be

taken as indicating that this situation may extend to the human system as

well. It is important to note, however, that the model under discussion

(Table ll) does not postulate a strict partitioning of CRI, and CRIn toA

different B cell subsets. Instead, it is proposed that dominance of these

Idx differs among ABA-specific precursors belonging to different B cell

subsets. Thus, CRIA does seem to be expressed by precursors belonging to

the hypothetical subset 2, but to a lesser extent than by those in subset

1. The reverse is apparently true for CRIm.
It might be possible that a valid model could be constructed that in

corporates elements from both the "B cell subset" and "Id-specific T cell

regulation" theories. Thus, one might suggest that Lyb 5T B cells are re

fractory to signals generated by CRIA-specific th cells, especially if

these are in the form of soluble factors (see Table 2). Again, such fac

tors might require macrophage presentation, in which case Lyb 5* B cells

might be expected to show selective receptivity. It seems unlikely, how

ever, that such selective Id-specific regulation occurs to a significant
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extent during actual immune responses; a more likely time locus for such

regulation would be during murine ontogeny and development. One could

visualize CRIA-specific "h
support the selective differentiation of "immature" CRI

cells as acting during B cell development to

a' Lyb 5T B cells,

and, thus, to promote them to the more mature Lyb 5* pool. The result

would be a Lyb 5* B cell subset whose ABA-specific members were highly

CRIA-dominant at the precursor level. In the final analysis, the idea

that T cells play a major role in determining the nature of the Id profile

in A/J anti-ABA responses may depend on results garnered from examination

of such responses in A/J nu/nu mice, or in splenocyte populations

therefrom. Athymic A/J animals may become available in the near future.

However, as noted elsewhere, both athymic and euthymic BALB/c animals seem

to show similar Id-T15 expression in their anti-PC Ab responses.

C. Relevance to Network Theory.

It should be apparent that the data given in this report can be said

neither to "prove" nor to "refute" the network theory of Jerne (1). The

strongest evidence obtained in these studies in support of the theory is

the demonstration of hapten-augmentable plaques in the A/J response to

ABA-KLH. However, as already pointed out, this cannot necessarily be tak

en as absolutely diagnostic for auto-anti-Id Abs. Such Abs should be

specifically sought by serological means in order to obtain conclusive

evidence on this point. The fact that the results fit best with a model

based on the differential expression of dominance of distinct Id}{ by dif

ferent B cell subsets, rather than on one based on Id-specific regulation,

can only be considered to detract from the theory. This is especially so

if we consider that some data from other investigators may be re
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interpretable in terms of a B cell subset model, instead of the original

interpretations which may have been "network regulation"-oriented. For

instance, the experiments of Bottomly and co-workers (75-80), discussed

previously, have generally been considered to be strongly supportive of

the network hypothesis. However, it needs to be seriously considered

whether the data can also be accounted for on the basis of a B cell subset

model with Lyb 5’ (T15 dominant) or Lyb 5T (T15 depleted) B cells being

preferentially activated under different challenge conditions. In this

respect, it seems relevant to note that Asano and Hodes (105) recently

used a protocol very similar to that of Bottomly et al. to demonstrate

that Lyb 5T B cells are selectively sensitive to the inhibitory effects of

nonspecific *s cells or their factors. In their experiments, the "'s cells

(or their inducers) were primed to an "irrelevant" carrier. Selective in

hibition of Lyb 5T B cells in the experiments of Bottomly et al. (i.e., in

those adoptive recipients receiving T cells primed to the irrelevant car

rier OVA, which were challenged with PC-KLH plus OVA) would result in an

increased proportion of T15-Idx* Pfc. Furthermore, in two cases (85, 158)

it has been reported that supernates from Con A-stimulated splenocytes,

which contain soluble T cell products, seemed to contain Id-specific th
factors since they promoted strong expression of certain Id}{. However, as

indicated in Table 2, Lyb 5* B cells are selectively responsive to TRF.

Evidence supporting the idea that Id-specific reagents can be used to

artificially manipulate immune responses has been obtained in overwhelming

abundance. This, in itself, would seem to justify further research deal

ing with idiotypic regulation. However, it does not prove that network

type regulation is an intrinsic feature of normal immuno-regulation. In

the author's opinion, more data needs to be gathered in experiments in



- 101 -

volving idiotypically un-manipulated animals if a convincing case is to be

made for the network theory. In what follows, I will briefly evaluate the

evidence that has been presented by other investigators as being suppor

tive of the idea that network-type regulation is a natural occurrence in

immune responses.

Evidence in favor of Id-specific regulation in "normal" immune

responses seems to be considerably stronger for negative, suppressive in

teractions than it is for positive, enhancing ones. This point is in

teresting considering that Jerne stressed the primacy of suppression in

his theory (1). Thus, auto-anti-Id Abs, which generally are reported to

have a suppressive effect, have been quite clearly demonstrated in several

murine Ab responses (159–161). It may be relevant to note that these Abs

have been detected quite readily in mice (162) or humans (163) with cer

tain pathologic conditions involving chronic antigenic stimulation. How

ever, the generality of the phenomenon is called into question when one

considers the rigor that has reportedly been required in some cases (1,7,

1611) to intentionally induce auto-anti-Id Abs. (Repeated challenge with

high doses of poorly catabolizable Ags [i.e., certain polysaccharides )

seems to favor auto-anti-Id production in Ag-initiated responses.)

In several cases, it has been shown (i.e., 165, 166) that injection

of mice with a form of Ag--usually "modified" (haptenated) self"--resulted

in the activation and expansion of Id-specific *s cells. The specificity

of these cells has been demonstrated by "panning" on Id-coated plastic

surfaces. Except for certain caveats applicable to panning (see below)

and the fact that these *s cells were induced by a peculiar form of Ag--

thus raising concerns about the relevance of the findings to normal

immuno-regulation--the results seem sound. Perhaps the best evidence in
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favor of the idea that Id-specific Ts cells may play a role in normal (in

vitro) immune responses was provided by Bona and Paul (167). These work

ers presented data indicating that functionally active Id}{-M!!60-specific

"'s cells were detectable within splenocyte populations from unimmunized

animals, and that these "s cells could be removed ("panned out") on M!!60–

coated flasks.

Experimental results which purport to demonstrate the existence and

activity of naturally-occurring Id}{-specific Th cells are more controver

tible. Data of Bottomly and colleagues (75-80), and Woodland and Cantor

(36), have already been critiqued (see Intro. ). One more point can be

raised regarding the methodology used by the latter workers. In a very

recent report by Miller at el. (168), an interesting "case of mistaken

identity" was detailed involving the isolation of two apparently CRI

specific murine T cell lines (hybridomas). These lines appeared to be

'**r-labeled A/JCRI-specific because they bound significant quantities of

"CRI" (affinity-purified A/J hyperimmune anti-ABA Abs) and also affinity

purified 7. 1.3, a CRI,” HP. The binding could not be inhibited with nor

mal A/J ascites, nor with several isotype-matched irrelevant myeloma pro

teins which had been isolated on a protein A column. However, despite

these facts, the lines did not bear receptors for CRI, but rather for Fc

of Y chains (Fe Y R). Affinity chromatography of the CRI* Abs had result

ed in formation of complexes (probably Ag-Ab), and only these complexes

had bound with sufficiently high affinity to the cell surfaces to be

detectable. Since in many panning experiments, such as those of Woodland

and Cantor (36), among others (165, 166), Idx* Ig was purified by affinity

chromatography, whereas control "nonspecific" Ig was prepared by salt

fractionation techniques, the question must be raised as to whether the
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putative Id-specific T cells removed on the Ig-coated surfaces were not

simply Fo Y R*. On a related note, Kelsoe et al. (169) reported previously

that i.v. injection of mice with minute quantities of idiotope-bearing IgM

anti-NP HP prior to Ag administration resulted in a substantial enhance

ment of idiotope expression in subsequent anti-NP responses. More recent

ly, however, Kelsoe (170) has found that if the idiotope-bearing HP is

purified using methodology that avoids affinity chromatography, then the

phenomenon in question disappears. This suggests either that the Id

specific th cells that were presumably activated by the pre-injection were

not, strictly speaking, specific for Id alone, or that Ag was required for

their induction.

The finding of Coutinho and co-workers (171, 172) that injection of

certain epitope-specific, Id’ Abs into mice could in itself result in ac

tivation of Id” PFC of the same specificity has not been found to be

reproducible by several other investigators (169, 173).

If T cell-mediated Id-specific regulation were crucial to determining

Id profiles seen in normal Ab responses, then one would expect to see ma

jor alterations in Id expression in the Ab responses (i.e., to "TI" Ags)

of athymic, compared to euthymic, mice. While this does not seem to be

the case with BALB/c mice in the PC-T15 system, it has been documented by

two groups (151, 17b) that certain Id}{ are either less predominant than

normal, or absent, in the Ab responses of athymic BALB/c mice to two par

ticular Ags. However, the interpretation of these results may be clouded

somewhat by recent evidence of Mond et al. (175) which suggests that

athymic mice may lack a B cell subpopulation, in addition to mature T

cells.

Research oriented toward addressing the question of network regula
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tion will become more convincing when it becomes more rigorous and quanti

tative. For example, limiting dilution analyses of Id-specific T cells in

normal and immunized mice should be highly significant. Investigations

along these lines have, in fact, been begun by H. Köhler and colleagues.

In their splenic focus system, TNP coupled Id” myeloma (or hybridoma) pro

teins are the Ags, and Id-specific Th cells are quantitated indirectly

based on the carrier-specific help they provide to TNP-specific B cells.

Perhaps the strongest evidence to date that immunization of mice with a

haptenated protein (PC-Hy) can induce expansion of Th cells which recog

nize Ab W region determinants on anti-hapten Abs, was provided by Pierce

et al. (176), using this system. Splenocytes from PC-Hy-immunized, but

not from normal or Hy-immunized BALB/c mice, contained an expanded popula

tion of "h cells capable of recognizing T15-like W region elements. These

Th cells were not, however, strictly T15-IdX-specific--as T15-Id} is sero

logically defined--since they provided help when several HP were used that

were T15-Id}{T, but which were structurally related to T15 in W The TH” h

cells were apparently largely specific for certain WH determinants. Thus,

the "true" specificity of apparent Id-specific th cells was again called

into question.

In summary, it can be said that previous investigations involving ex

ploration of the possible role of Id-specific, network-type regulation in

immune responses suffered from three major shortcomings. First, the rath

er artificial, "un-physiologic" modes of induction of Id-specific phenome

na used by some investigators (i.e., injection of hapten-modified

syngeneic cells) leaves questions about relevance of the findings to more

normal immune responses. Secondly, the most appropriate reagents, i.e.,

monoclonal Idz’ mAb or monoclonal anti-Id Abs, were often not used, simply



- 105 -

because they were not available in many cases. Some possible pitfalls in

volving the use of affinity-purified serum or ascitic Abs have been de

tailed elsewhere. Thirdly, investigators have almost always tended to

frame their models in a context recognizing, and, indeed, grounded on the

functional heterogeneity existing among T cells. The B cell population is

generally considered as homogeneous in such models, despite the large body

of experimental evidence to the contrary. In the present report, we have

shown that many phenomena whose causation has been attributed to the ac

tivity of T cells can plausibly be re-interpreted in terms of a model

based on the selective activation of functionally distinct B cell subsets.

Hopefully, more attention will be paid to these considerations in future

experimentation.
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Fic. I An example of a specificity and tiration analysis of two anti-CRI sera. Two A/J mice
received a single injection each of 500 pig ABA-KLH in CDA and were plaqued 12 d later (A).
Control mice (triangles) were injected with 100 pig TNP-CGG and plaqued against TNP-SRC.
Alternatively, mice received a priming injection and were boosted 5 whº later and plaqued at day 10
postchallenge (B). Control mice (squares) were undergoing a secondary anti-SRC response. Two
anti-CRI sera were checked with primary PFC: 3c, a rabbit antiserum to pooled A/J anti-ABA
antibodies; and anti-R16.7, a rabbit antiserum to a CRI” hybridoma antibody (see text). Solid
symbols, direct PFC; open symbols, indirect PFC.
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Flo II Two kinetic studies (1A and B; 2A and B) of the primary responses of A/J mice to ABA
KLH. (e) direct PFC; (O) indirect PFC. A large group of mice received a single injection each of
500 pig ABA-KLH in PBS and emulsified 1:1 in CDA in a total vol of 0.1 ml (study 1) or 0.2 ml
(study 2) on day 0. Mean values for four mice (study 1) or three mice (study 2) per day are given.
IgG PFC are shown beginning on their first day of appearance. A number of control mice were
injected with 500 ug KLH in CDA and checked for anti-ABA PFC; no more than 700 PFC/spleen
were ever detected. In studies 1A and 2A, geometric mean PFC/spleen are given; SE limits are
omitted for clarity. Mean SEM for study 1 A = 1.33; for study 2A - 1.28 (geometric mean x/+ 1
SEM). In studies 1 B and 2B, arithmetic mean of the percent CRI* PFC + 1 SEM is indicated.
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Fic.III Data derived by hapten inhibition of indirect PFC. Primary IgG PFC were checked on
day 10 after an i.p. injection of 500 ug ABA-KLH and secondary IgG PFC on the same day after
a boost of 500 pig ABA-KLH which was 5 wk after priming (same quantity of the same antigen).
Results for six spleens are pooled per point. Plaquing was as described in the Materials and Methods
section, except that the agar was overlayed with 3 ml of inhibitor (RAT in EBSS) of the indicated
concentration. AK-2.2 are hybridoma cells secreting IgG anti-ABA antibodies (CRI* by anti-CRI
inhibition). The single open circle at 10* M RAT indicates the absence of inhibition of secondary
anti-SRC PFC. Median association constant (K) was calculated using the formula K = 2/Hso
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Fig. IV. Hapten-Augmentable PFC. See legend to Fig. III for methodol
ogy. O =day 10, primary response IgG PFC to ABA-KLH in CDA; arith
metic means for two mice. ==day 6, secondary response IgG PFC;
data for a single mouse. I =inhibitor, ABA-L-Tyr. Control plates
were overlaid with EBSS alone.
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Fig. W. Limiting Dilution Analysis of ABA-Specific B cells from
Normal Mice Responsive to ABA-Bru in vitro. The "B cell"
source was A/J splenocytes treated with anti-Thy l.2 plus c.
Irradiated (1500 R) A/J splenocytes were used as fillers to
make up the cell concentration to 107/ml, followed by dis
tribution into 60 75 ul (flat-bottomed) cultures for each
different B cell input number. Walues (fraction of non
responding cultures) for one experiment are given. Super
nates were tested after 5 to 6 days by hemolytic spot test
on ABA-HB-SRC and SRC (as control). If lysis was observed
on both normal and haptenated SRC, then the same supernate
was tested on ABA-HB-GRC and GRC. The line drawn represents
an approximate best fit, by eye, which passes through the
origin.
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Fig. WI. CRI Expression among Primary and Secondary ABA-Specific IgM
and IgG PFC in the Response to ABA-KLH. A/J mice received one or
more i.p. injections of 500 pig ABA-KLH emulsified in CDA. In some
cases, induction of secondary responses was with 200 mg Ag, and
not necessarily in adjuvant. Results shown are for days 8,9, 10, or
ll of the primary response, or days 6-10 of the secondary or hyper
immune responses. See text for further details.
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days after a boost. See text for further details.
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TABLE I

Inhibitory Locus of anti-IgM and anti-CRI in the Plaque Assay

d Direct PFC/Plate (=l/100 Spleen):
Ag' Antiserum No. N Pre N + antiserum

SRC anti-IgM l 97 82 (15)* 5 (95)
2 265 214 (19) 2 (99)
3 207 178 (14) 4 (98)
4 118 94 (20) 4 (97)

ABA-KLH anti-CRI l 44 47 (-7) 9 (80)
2 203 208 (-2) 26 (87)

F cotnotes
cºl

See text for details. N = normal, untreated splenocytes; Pre = splen
oncytes preincubated with the indicated antiserum in EBSS; N + anti

serum = the indicated antiserum was added directly to the plaquing med
T Lam with N cells. Plaque development proceeded for 1 hour prior to
§eunting.
Figure in parentheses is # reduction compared to N.
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TABLE II

PFC AND IDIOTYPE PROFILE AT WARIOUS IIMES IN ANTI-ABA RESPONSES

Immunization Protocol PFC/Spleen.”

Prime * * Challenge Day? Direct *CRI* Indirect £CRI*
I

-
A- Ktt 10 29,823(1.31) 55 46,838(1.30) 87

- A-K 18 2,043 (1.22) 30 3,247 (1.28) 56

A-K A-K 3 7,735(l. 13) 68 27,752(1.22) 36

A-K A-K 10 249,319(1.37) 64 423, 185(1.24) 34

A-Kll A-K (PBS) 10 124,590 (1.73) 70 217,262 (1.18) 39

- A-CGG 10 2,607(1.11) 60 5,063(1.06) 72

7 A-CGG A-CGG 10 105,342(1.48) 55 439,880(1.35) 41

*Geometric mean (x/# 1SEM). All results are pooled from two or more experiments.

**500 ug antigen (A-K - ABA-KLH) in CDA injected i.p. Challenge was 5 whºs post-prime.

tPost challenge.

++From figures 1A and 2A.

IIHyperimmunized, 26 injections.
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Table III

Subclass Distribution and CRI Dominance Levels
among Primary and Secondary IgG anti-ABA PFC

# Total IgG PFC (#CRI’):
Response” Day A/J No. IgGl 1992: IgG2b IgG3

10 8 l 60(98) 25(93) 11(89) 4(-)*
2 82(89) 5(-) 7(65) 5(-)
3 33(86) 31 (79) 16(93) 21 (76)
4 87(99) 3(-) 4(89) 7(97)
5. 41 (100) 19(49). 27(15). 13(93)
Y= 61 (94) 17(74) 13(70) 10(89)

10 14 6 68(64) 25(78) 2(-) 5(-)
7 30(94) 32(69) 24(55) 14(41)
8 58(95) 24(98) 13(57) 5(-)
9 31 (81) 27(87) 33(86) 8(-)
10 83(12) 9(-) 2(-) 3(-)
ll 74(70) 8(-) l2(-). 6(-)

Y= 57(69) 21 (83) 14(70) 7(41)

20 10 l 38(-) 39(-) l3(-) ll (-)
2 67(45) 19(-) 0(-) 14(-)
3 64(46) 29(-) l(-) 6(-)
4 61 (70) 20■ -) 15(-) 3(-)
5 87(67) 10(68) l (-) 1(-)
6 75(42) 18(61) 5(-) 2(-)
7 69(55) 27(83) 2(-) 2(-)
8 66(26) 18(63) 6(-) 10(-)
9. 61 (50) 18(75) l l (-), 10(-)
Y= 65(50) 22(70) 6(-) 7(-)

Footnotes

Mice received one or two i. p. injections of 500 pig ABA-KLH in CDA.
The day indicated is post-challenge. See Table II for some represen
tative PFC/spleen data.

EP
C -), indicates too few plaques per plate, at the splenocyte dilution
Uased, for accurate determination.

-
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Table IW

Preferential Isotype Switch Based on Idiotype in the ABA-Bru Response

* PFC CRIA' "
A/J No.” IgM IgG Difference

l 38 88 50

2 46 72 26

3 36 76 40

4 28 66 38

5. 45. 72 27
X= 39 75 36

Footnotes

* Adult A/J mice received one i.v. injection of 0.2ml l.25% ABA-Bru in
PBS on days 0 and 6 and were plaqued on day 8. Geometric mean PFC
per spleen were: ll,499 (IgM); and, 14, 186 (IgG).

b *CRIA' represents the arithmetic mean of ■ Id-AD8” and Ž Id-HP R16.7°.



130

Table W

Effect of Pre-exposure to Hapten or Carrier on Magnitude and
CRI Dominance of Primary anti-ABA-KLH Responses

bPre-injection* "19" anti-ABA-KLH
Expt. No. with: Response Day

(carrier)
l PBS 10 23,700 (46) 52,320 (81)

200 ug KLH 9,600 (55) 10,500 (56)

2 PBS 10 8,650 (81) 35,050 (84)
200 ug KLH 4,600 (76) 35,250 (60)

(hapten)
l 500 ug BGG 6 13,400 (69) 3,500 (86)

500 pig ABA-BGG 22,500 (72) 3,600 (75)

500 ug BGG | ] 13,800 (70) 4,650 (78)
500 ug ABA-BGG 18,250 (74) 9,700 (67)

2 200 ug BGG 10 6,600 (87) 4, 140 (94)
200 ug ABA-BGG 5,400 (73) 12,480 (28)

Footnotes

* Mice received one i.p. injection of the indicated Ag in PBS, three to five weeks
prior to i.p. immunization with 500 pg ABA-KLH in CDA.

*Geometric mean PFC/spleen for 3 or 4 mice per data point.
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Table WI

Mixtures of Primed and Virgin B and T Cells in
Adoptive Transfer Responses to ABA-KLH

Anti-ABA IgG b +Group (No. Recipients) Cells a PFC/10° cells *CRIY PRC

1 (6) Bp * To 5,271 24 + 13

2 (7) By * ■ p 2,10] 43 + 13

3 (10) Bp * TV l,939 55 + 25

4 (7) By * Ty l 14 82 + 14

Footnotes

a Bp. "p = primed B and T cells, respectively. These were derived from the
spleens of A/J mice injected at least 4 weeks previously with 500 ug ABA-KLH

in CDA. By , Tv = virgin B and T cells. Purified (as given in the text)
from spleens of normal adult mice. X-irradiated (600 R) mice were recip
ients and received 3-4 x 107 cells of each indicated type about 12 hrs
prior to i.p. injection with 500 ug ABA-KLH in CDA. Plaquing was done on
day 8 or 9 post challenge.

b Geometric mean IgG PFC per 106 splenocytes recovered from recipient spleens.
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TABLE VII

Idiotype and Idiotope Expression in ABA-Specific ID and II PFC Responses

* PFC Innibition by: Inhibition Ratio"
Rb to CRI AD8 AD8/RbtaCRI

Grp Antigen” Type Response” IgM IgG IgM IgG IgM IgG

l A-K TD lo 84+10 92+6 79+12 91+6 .94 .99
(.93, .97, (.97, 1.01

.90, .97) 1.00, .98,
.99)

2 A-K TD Hyp -* 40:20
-

36+18 - . 89

3 A-CGG TD Hyp
-

34+14
-

26+18
-

.83

4 A-Bru TI lo 87+9
-

48+18
- . 56 -

(.54, .41 , .82
.53, .38, . 71,
. 21, . /0, .54, .7l)

5 A-B ru TI Hyp
-

60+17
-

33+25
-

.53

6 A-Bru TI 10 in vitro 72+2
-

1+19
- ... O | -

7 A-LPS TI lo 77+19
-

45+20
-

. 55
-

8 A-LPS T I 1°in vitro 58+6
-

6+4
-

. 13 -

Footnotes

* A-K is ABA-KLH; A-Bru is ABA-Brucella; A-CGG is ABA-Chicken gamma globulin. A-LPS

and TD Ags (in adjuvant) were injected ip while A-Bru (.2ml of a l.25% solution) was

injected i.v.

* 1° - primary response assayed on day 9 or 10 for TD Ags and either day 3 or 4 for
TI responses. Hyp = hyperimmune, at least 3 injections total. Geometric Mean PFC

per spleen or per culture (in vitro responses) were for groups 1-8: 27,447 (u) 18,215 (Y);

433,653 (u-Y ); 82,454 (ut Y ); 9799 (u); 219,696 (u-Y ); 633 (u); 6248 (u); 518 (u),

respectively.

* Arithmetic mean of ratios for each individual animal. Since in a few cases all mice were

not tested with both anti-Id reagents, this value may differ slightly from the ratio of

mean values given in the RbtaCRI and AD8 columns.

din Hyp responses to A-K or A-Bru, IgM PFC per spleen were relatively low and so were

usually not determined separately from IgG PFC. Primary TI responses consisted solely

of IgM PFC. Values given are arithmetic means t 1 S.D.



l33

Table VIII

CRIA and CRIm Expression in Serum Abs Induced by ABA-KLH or ABA-Bru

Anti-ABA titer Anti-ABA Ab required % Labeled anti-ABA Ab bound by anti:"
Ag" (ug/ml)” for 50+ innib. (ng): Mouse fab CRI Id R16.7 CRIn

ABA-KLH 3675-826 39tl9 NT 72 55 NT

(28, 49, 60, 18)

ABA-Bru 181+136 282+136 70 NT 12 30
(115,358,450,312, 176)

Footnotes

*Sera were from mice immunized 3 times with ABA-KLH (i.p. in adjuvant) or 4

times with ABA-Bru (i.v.).

*Arithmetic means + 1 S.D., column 2 and 3.

*Each test utilized 10 ng of 125 I-labeled HP R16. 7 and slightly less than an

equivalent amount of Rbt anti-CRI.

“values given represent plateau levels of precipitation for each reagent.

Excess goat anti-Rbt FC was used to precipitate complexes. NT, not tested.
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Table IX

Comparative Expression of CRI and I'd Rl 5. 7 in Primary IgM anti-ABA PFC Responses

* PFC Inhibition by: Inhibition Ratio
Grp Ag” Rb to CRI RET.I.TRT5.7 aldº 6.7/acRIP

l A-K 86-6 83+7 .96

2 A-CGG 64+15 60-18 . 92

3 A-Bru 91 tº 45+22 . 49

4 A-Bru ( in vitro) 57+13 14:ll . 29

5 A-LPS 92.7 56+27 .6l

Footnotes

* see Footnotes to TableWII. Day 6 response for A-K, day 9 for A-CGG, and day 3 or

4 for A-Bru and A-LPS. Geometric mean PFC per spleen or per culture ( u +Y for

A-CGG, all others u only) were for groups lithru 5: 16,482; 18,583; 11,731 ; 578;

6,31 l, respectively.

P Ratio values for TI responses differ significantly from those for TD responses,

P &.0l. See third footnote, Table VII.
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Table X
-

CRIc' (1336-69) Expression in Primary PFC Responses to ABA-TI Ags

* PFC Inhibition by:
Grp Ag” Response Rb to CRI R5 tº Id}6-60

l
-

CH.BALB cells” l OU 100

2 A-Bru in vivo° 87+12 14+15

3 A-Bru in vitro 72+3 3+ll

4 A-LPS in vivo 91+9 7-9

5 A-LPS in vitro 54+5 12+8

Footnotes

* see Footnotes to Table VII
* CH. BALB cells are hybridomas made by fusing ABA hyperimune spleen cells from

a BALB/c mouse with cells of the NS-l line. They secrete IgM anti-ABA Ab

which is CRic” by PFC inhibition (communicated by Dr. C. Henry, UC Berkeley).

* Geometric mean PFC response numbers (all u) per spleen or per culture for

groups 2 thru 5 were: 12,708; 330; 6,063; 321, respectively.
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Table XI

Idiotype Characteristics of Hybridomas Derived from ABA-Bru-Immune A/J Lymphocytes

PFC Inhibition by":
Hybridoma No. Rb to CRI AD8 Rb to Id Rl 6.7 Type
ABl-38 ++ - ++

AB2-37.2 ++ ++ ++ +CRIA
AB2-202.4 ++ ++ +

AB2- 143.2 ++ ++ ++

AB1 - 17 + - -

AB 1-89 + - - +
CRIm

AB1 - 126 ++ - -

A83-70 + - -

AB2-73. 6 - - -

A83-89 - - -
CRIT

A83- 126 - - -

Footnotes:

* ++ = complete inhibition. 4 = greater than 50% but less than 100% inhibition.

- = no inhibition beyond non-specific background levels.
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Table XII

Effect of I Cell Removal on CRIA Expression

Response Ag" Treatment PFC/culture Reduction £CRI* *CRIA*/zcRI”

A-Bru C 528 55 . 36

In -4%A-Bru anti-Thy 1.2 550 64 - 18
Witro +C

SRC C 12,333
85%

SRC anti-Thy 1.2 l,845
+C

A-Bru C 2,922° 83 .54

In 18%A-Bru anti-Thy 1.2 2,392C 7] .53
Wivo +C

Adoptive sac C 25,084°
Transfer C 87%

SRC anti-Thy 1.2 3,294
+C

Footnotes

* see Footnotes to Table VII SRC is sheep red cells. Culture conditions and adoptive

transfer details are given in the text.

b 1 CRIA * is an average figure based on inhibition obtained with both AD8 and Rbt anti
Id R16. 7.

* Geometric mean specific PFC per recipient spleen. Each figure based on results from

at least seven recipients.
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Table XIII

Magnitude and CRIA Representation
in PFC Responses of NAF) Mice to ABA-KLH

ABA-Specific PFC/Spleen:

Mice (No. Tested) Response” IgM (xcRIA!)" IgG (xcRIA’).
NAF) 9 (6) 10 5,271 (40) 4,770 (68)

NAF, d (7) lo 1,033 (NT) 992 (NT)

NAF) 9 (6) 20
-

469,771° (27)
NAF, d (6) 20

-
101,722° (12.5)

Footnotes

* Primary (19) response animals received one i.p. injection of 500 ug ABA-KLH
in CDA and were plaqued on day 8 or 9. Secondary (20) response mice received
an additional i. p. injection of 200 pig ABA-KLH in CDA 5-7 weeks after pri
ming and were plaqued on day 8 post challenge.

b *CRIA’ PFC is the arithmetic mean of x1d-AD8° PFC and zid-R16.7° PFC.
* Combined IgM and IgG PFC.
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Table XIV

Anti-ABA Responses of Normal and xid-Expressing Mice
to ABA-Bru-Pulsed Splenocytes

Injected Micea Presentigº-Cell + +(No. Tested) Source IgM PFC/Spleen *CRI %Id-AD8

CBA/N (2) CBA/N 20 - -

NAF) d (2) NAF & 15 - -

ANF, d (2) NAF) dº l,652
-

68

A/J (7) A/J 3,361 87 78

Footnotes

* Mice were injected i.v. with 4-5 x 107 ABA-Bru-pulsed presenting cells (3000 R
irradiated splenocytes) of the indicated type and were plaqued on day 4.

b Splenocytes serving as presenting cells were irradiated, incubated with 0.1%
ABA-Bru in EBSS for 90-120 minutes at room temperature, washed thoroughly, and
then injected into recipients.
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