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The normal process of differentiation to specific immunoglobulin (i.e.,
antibody) production is the commitment of an originally totipotent cell to the
production of a large amount of a unique immunoglobulin molecule. During
this process, one of the two autosomal chromosomes carrying H chain variable
and constant region genes is in some way selected, the variable region fixed
and one of the four linked genes for H chain constant regions (in the mouse
Ig-1 to Ig-4, specifying yG,., YA, G, and vG; respectively) paired in some
manner which allows for the transcription of the information for the entire
H chain as a single messenger. In a similar fashion, one of the two light
chain chromosomes is chosen, a variable region determined, paired to the con-
stant region, and information for a unique light chain is produced. Light and
heavy chains are then produced, assembled and exported while the cell differen-
tiates further to a mature plasma cell. . Although recent evidence * 2 indicates
that during this process the variable region gene in some or all cells may go
through a stage of pairing with the u chain (yM) constant region gene prior
to pairing with the final yG or yA H chain gene, this does not substantially
alter the above description,

Almost nothing is known of the mechanisms by which one autosomal
chromosome is chosen and the other excluded, the variable region fixed and
joined, or the H chain class selected. If the intermediate of a yM step proves
correct, however, then chromosome exclusion and variable region choice are
earlier events than selection of H chain class. In any event, at the end of the
process, a single cell produces an immunoglobulin with an H chain deter-
mined by a gene (or genes) on only one of the two parental chromosomes.
No other such system for exclusion of autosomal genes is known in mam-
malian cells.

In an allotype heterozygote, such chromosomal (or allelic) exclusion leads
to two populations of immunoglobulin-producing cells,® those making immuno-
globulins of paternal allotype and those making immunoglobulins of maternal
allotype for any given class. Usually, an animal with a given allele combination
has a characteristic ratio of paternal and maternal type cells. Circulating im-
munoglobulins reflect this ratio.

Allotype suppression upsets the normal balance.*¢ In young heterozygotes
exposed to maternal antibody directed against a paternal allotype, the appear-
ance of circulating paternal allotype is significantly retarded. Although in
rabbits the suppression is severe and long-term, enduring in some cases for
over a year, in most mouse hybrids only a short repriod of suppression occurs,
and by 12-14 weeks the normal balance is restored. However, many progeny
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of the strain cross, STL males x BALB/c females, show a chronic suppression
somewhat similar to that reported for rabbits > following initial exposure to
maternal anti paternal antibody.

We have shown, using cell transfer experiments,” that there is a cell popula-
tion resident in the spleens of chronically suppressed (SJL X BALB/c)F,

mice

that is capable of preventing differentiation to Ig-1b (paternal vG

allotype) production. The evidence leading to this inclusion may be sum-
marized as follows:

1.

%
wositive T8
for

1g~1b

In the intact animal, the existence of this population leads to the chronic
(long-term) suppression of Ig-1b synthesis by an animal genetically capable
of Ig-1b production. Half the animals of the cross (SJL x BALB/c)F;:
exposed when young to maternal anti Ig-1b are negative for Ig-1b at 6
months of age (FIGURE 1).

When transferred to irradiated Ig-1b (BAB/14) homozygous hosts, the sup-
pressing cell population is able to prevent recovery of host Ig-1b synthesis
where such recovery is expected. BAB/14 is congenic to BALB/c but carries
the Igb chromosome segment including the Ig-1b allele. These experiments
were preformed originally as transplantation controls to show persistence of
F1 (Ig-la/Ig-1b) cells in irradiated parents. As expected, using production
of Ig-l1a as marker, F1 cells of either suppressed or normal origin persisted
equally well. Many of the recipients of suppressed spleen cells, however, lost
their ability to produce Ig-1b (TABLE 1).

BAB/14 recipients of bone marrow suspensions did not become sup-
pressed, although suppressed bone marrow transplants to Ig-la (BALB/c
indicator) hosts did suppress themselves, thus suggesting that there may be
a larger or more effective suppressing population in spleen. Such failure of
the bone marrow transplant to suppress host Ig-1b production, however,
demonstrates the ability of the irradiated BAB/14 host to recover produc-
of Ig-1b, thus strengthening the conclusion that absence of Ig-1b in BAB/14
animals receiving suppressed spleen cells is due to allotype suppression.

. Transferred with its own complement of stem cells or in a mixture with

syngeneic cells from a normal (SJL X BALB/c)F: donor, the suppressing
population is able to reverse the initial establishment of Ig-1b production
and shut off Ig-1b synthesis by the transferred normal cells (TABLE 2). In
the first experiments, pooled spleen and bone marrow cells from chronically
suppressed or normal (SJL X BALB/c)F; animals were injected into irradi-
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TABLE 1

IG-1B PRODUCTION IN IG-1B RECIPIENTS OF NORMAL AND SUPPRESSED CELLS

[(SIL X BALB/c)F;]

Donor Cells* BAB/14 (Ig-1b/1g-1b) Recipients

No. Positive for Ig-1b/Total

(No. of cells Week after Transfer
transferred per Experiment
recipient) No. 2 3 5 7
Suppressed spleen 3 10/10 10/10 1/10t 1/10
(14 X 107) 7 2/2 2/2 2/2 1/1
4 5/5 5/5 4/5 3/5%
Total 17/17 17/17 7/17 5/16
Normal spleen 3 2/2 2/2 2/2 2/2
(1.4 X 107 7 1/1 1/1 1/1 1/1
Total 3/3 3/3 3/3 3/3
Suppressed bone marrow 3 6/6 6/6 6/6 6/6
(5 X 109 7 2/2 2/2 2/2 2/2
4 6/6 5/5 5/5 5/5
Total 14/14 13/13 13/13 13/13
Normal bone marrow 3 2/2 11 1/1 1/1
(5 X 109 7 3/3 2/2 2/2 2/2
Total 3/3 2/2 2/2 2/2

* The suppressed spleen and bone marrow cell suspensions used in each experiment were
pooled from 3 mice. Normal bone marrow and spleen cells were obtained from individual

animals. All of the mice were positive for Ig-la.

t Low levels of Tg-1b were still detectable in the sera of 5 of the mice at week 4 (not

shown in Table).

1 The level of Ig-1b detected in these 3 mice was very low.

ated (600R) BALB/c (non Ig-1b) hosts, and recipients scored weekly for
Ig-1b. Although transferred spleen cells from normal donors were able
permanently to establish Ig-1b production, cells from suppressed donors
generally produced only a short, initial burst of Ig-1b. In two of the three
experiments shown in the Table, all recipients of suppressed cells were nega-
tive for Ig-1b by 7 weeks after transfer. In the third experiment, although
several of the anmimals were still positive at 7 weeks, the individual test
records (not shown) 7 show a pattern of fluctuation of Ig-1b levels similar
to untransferred chronic suppressed animals. The results with bone marrow
transfers into BALB/c hosts show the same pattern as spleen, i.., initial
burst and subsequent suppression of Ig-1b synthesis.

For the mixture experiments, cell suspensions from normal and suppressed
animals were mixed in vitro, injected into BALB/c (Ig-1a) hosts, and recipi-
ents followed for Ig-1b production. The data are presented in TABLE 3.
1.6 x 107 spleen cells from a normal F1 donor promptly established Ig-1b
production and maintained it throughout the experiment. The same number
of suppressed cells followed the usual suppression pattern of establishing
synthesis early after transfer but becoming suppressed after 5 weeks. A
mixture of 3 X 106 suppressed cells and 12 X 106 normal cells established
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TABLE 2

JG-1B PRODUCTION IN IG-1A RECIPIENTS OF NORMAL AND SUPPRESSED CELLS

Donor Cells* BALB/c (Ig-1a/Ig-1a) Recipients
[(SJL X BALB/c)F,] No. Positive for Ig-1b/Total t
(No. of cells Week after Transfer
transferred per Experiment
recipient) No. 2 3 5 7
Suppressed spleen 3 5/10 5/9 1/9 0/9
(14 x 109 7 4/6 4/5 0/5 0/5
4 10/10 8/9 7/9 4/9
Total 19/25 18/23 8/23 4/23
Normal spleen 3 2/2 2/2 2/2 2/2
(1.4 X 107 7 1/1 1/1 1/1 1/1
Total 3/8 3/9 3/3 3/3
Suppressed bone marrow 3 5/6 4/5 1/5 0/5
(5 X 109 7 4/8 3/7 4/7 4717
4 1/6 5/6 5/6 4/5
Total 10/20 12/18 10/18 8/18
Normal bone marrow 3 2/2 2/2 2/2 2/2
(5 X 109 7 2/2 2/2 2/2 2/2
Total 4/4 4/4 4/4 4/4

* The suppressed spleen and bone marrow cell suspensions used in each experiment
were pooled from 3 mice. Normal bone marrow and spleen cells were obtained from indi-
vidual animals.

+ All of the mice were positive for Ig-1a..

weaker but stable Ig-1b production in four out of five recipients, but after
9 weeks Ig-1b levels fell either to negative (i.ec., below detection) or to a
stable, considerably lower level. At 22 weeks after transfer, three animals
were negative for Ig-1b, one was weak positive (v 0.03 mg Ig-1b/ml) and
one was still a 1 4 reaction, approximately v 0.08 mg/ml setum.

The suppression of Ig-1b production may also be demonstrated by the
inability of suppressed animals to produce Ig-1b antibody to sheep erythrocytes
(SRC). FIGURE 2 shows the results obtained after transfer of SRC primed cells
from suppressed and normal mice into irradiated, normal syngeneic recipients.
A challenge dose of SRC was given at time of transfer. The values given are
for yG PFC only. The anti-b allotype antiserum used develops plaques only
from Ig-1b producing antibody-forming cells (ie., yG,,PFC of b allotype).
The antiserum used to develop plaques from a allotype cells reacts with both
Ig-1a and Ig-4a and therefore develops both yG,, and yG, plaques, which
probably accounts for the high a/b ratio of PFC in cell suspensions from
normal heterozygotes. Comparison of suppressed and nonsuppressed donors
shows that although the a allotype response is essentially the same in both
groups, suppressed mice were unable to match their a response with a propor-
tional b response. For example, while a strongly responding normal donor
male made ¢ and b plaques, a comparable suppressed donor male made a
but no detectable 5. Our studies show that the suppression by the suppressing
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cell population is specific for Ig-1b, i.e., immunoglobulins of the yG,, class,
probably due to the fact that the original exposure to maternal antibody was to
antibody specific for the paternal yG,, globulins (i.e., Ig-1b). Ig-4b (of G,
class) synthesis is not suppressed in any of the animals in these experiments.

Suppression cannot be overcome or reversed by flooding either the intact
suppressed or transferred suppressed animals with Ig-1b globulins, suggesting
either that Ig-1b on the cell surface may have a different conformation, or
that active cells may not be blocked by soluble Ig-1b even though the cell
reacts with Ig-1b determinants.

Considering the paucity of knowledge of the normal differentiation process
which results in commitment to immunoglobulin production, it is not surprising
that no simple hypothesis presents itself to explain allotype suppression. One
possibility which is reasonably consistent with the currently available data is
that the initial antibody exposure rids the animal of all Ig-1b committed cells.
If we then postulate an antigen unique to Ig-1b precursors, e.g., cell-bound
Ig-1b, perhaps with a different configuration from circulating Ig-1b, it is pos-
sible that by elimination of the cells with that antigen we have destroyed
tolerance to it, so that when newly committed Ig-1b producers appear after
the disappearance of maternal anti Ig-1b, they are met with a destructive,
cellular immune response. The fluctuation of Ig-1b levels would, under this
hypothesis, be explained by a balance being maintained between new differ-
entiation to Ig-1b and immune reaction to the differentiating cells, At present
there is little direct evidence to support or deny the validity of this hypothesis;
however, it has the virtue of being testable, and experiments toward this end
are in progress.
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Two other facts deserve mention as potentially relevant to construction of
hypotheses on chronic allotype suppression. One is that in homozygous sup-
pressed rabbits there is a compensatory increase in a different class (so-called
allotype blank) of immunoglobulin, suggesting a possible interference at the
point of selection of the H chain constant region. Alternately, of course, this
compensation could be a secondary manifestation of the absence of cells pro-
ducing the allotype, making room, as it were, for the compensating cells to
expand and produce.

Secondly, there is the question of the relevance of the SJL genome to the
chronic suppression found when SJL is the paternal strain. Since virtually all
SIL mice suffer from severe fluctuating disgammaglobulinemias (hyper, hypo,
multiple class elevations,®0 single class elevations, restricted mobility eleva-
tions), and ultimately die of reticulum cell sarcoma,!- 12 it is possible that the
heterozygote, too, has a faulty immunoglobulin regulation system. Electro-
phoretic studies of heterozygote sera do in fact show extraordinary elevations
and depressions, although these differences do not approach the severity of
the homozygous disgammaglobulinemias.’® If there is a heritable immuno-
globulin control mechanism defect in this hybrid, suppression could be the
result of creation of an overreactive regulating mechanism due to perturbation
by the initial exposure to maternal anti-Ig-1b.
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Discussion

DRr. PorTER: Do the suppressed mice compensate by making different
levels of the other immunoglobulin classes?
' Dr. HerzENBERG: I knew somebody was going to ask me that question.
They don’t compensate by making the other Ig-1 allotype. I don’t know yet
whether they compensate with the other classes.
Dr. BENACERRAF: Do you think that the suppression which is observed
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may be explained by antibody exchange from the surface of cells which are
suppressed to others or by another unsuspected mechanism?

DRr. HERZENBERG: I left out, of course, a number of experiments that we've
done just directed to this point. We have tried to break suppression by infusing
large amounts of Ig-1b and then irradiating the animal and allowing it to
come out of the irradiation and to repopulate itself in the presence of Ig-1b.
If it was anti-Ig-1b antibody, I feel that the circulating Ig-1b would block it
and be able to overcome suppression. So I have a strong prejudice which says
that it’s not anti-Ig-1b (as the b antigen exists on circulating globulins), which
is the effector agent. We’ve tried all sorts of things, looking for sequestered
antibody but I would agree that perhaps antibody sitting on the surface of a
cell, if it had become fixed in some way, could do this job. I would expect,
however, that we’d have to postulate that the b antigen of the b allotype on the
cell before it is secreted and perhaps on the stem cell, would have to be in a
form which was different from circulating b globulin, so that the b globulin
could not block.

DRr. WiLLIAMS: With respect to your answer to Dr. Benacerraf’s question,
there are some patients that have very low levels of gamma A and that ap-
parently have antibody to gamma A. Have you looked for instance at
your animals to see if they have antibody? I'm sure you have by your answer,
but have you also looked for cell-bound anti-gammaglobulin with rosettes or
any other technique? Since you can transfer this suppression with cells, do
you have anti-gammaglobulin on your cells that you transfer? Have you looked
at this specifically with rosettes or any other sensitive technique?

Dr. HeErzENBERG: I haven’t looked specifically with rosettes but we have
looked with rather sensitive technique for an antiglobulin. What we did was
to inject radioactive labeled Ig-1b globulin into the suppressed animal and
follow its disappearance with time and there was no difference between the
normal animal and the suppressed animal in the rate of disappearance of the
globulin. So I don’t know whether one can argue that the cell-bound antibody
wouldn’t remove it from circulation; I should think it would. We also did look
by a number of other senmsitive techniques for antibody production because
we thought that perhaps what had happened was that the animals made
a small amount of b globulin late in life, that b globulin was immunogenic
and, therefore, caused the animal to make anti-b globulin, and that the animal
was suppressing itself. I guess I could just add that probably the most appeal-
ing hypothesis right now, although it may not be terribly appealing, is that
somehow by suppressing these animals early in life, immunization occurs due
to the appearance of a little bit of b globulin on the surface of their cells,
perhaps in some other configuration than that which is in the circulation.
The animal is essentially showing a low-level graft rejection. It is a hard
hypothesis to justify, but it is one which we are testing because otherwise we
are still completely out in the cold.

Dr. MaGe: Is it possible that what you are calling anti-b in this particular
strain combination has a specificity for some other heavy chain markers, per-
haps V region?

Dr. HERZENBERG: I don’t think so but this antiserum is an anti-C57 black
antiserum, essentially it’s the classical one that we have used originally to de-
fine the Fc allotype markers, and at that time we never found an example of
any animal having anything other than the Fc marker. I guess it’s possible
though that the SJL b allotype transfers one of these markers into the variable
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region and that is why we'’re getting into what we’re getting into. I think
probably we ought to check that out. I might add that probably the most
appealing hypothesis right now is that, somehow by suppressing these animals
early in life, immunization occurs due to the appearance of a little bit of b
globulin on the surface of their cells, perhaps in some other configuration than
that which is in the circulation.
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