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Specific Suppression of
Immune Responses

Antibody directed against either antigen or receptors for

antigen can suppress immunity specifically.

Donald A. Rowley, Frank W. Fitch, Frank P. Stuart,
Heinz Kohler, Humberto Cosenza

A fully responsive immunologic sys-
tem is essential for survival against
encounter with infectious, oncogenic,
and toxic agents; however, in particular
instances, an immune response may be
disadvantageous. Allergy to a common
pollen, maternal antibody that causes
erythroblastosis in the fetus, and im-
munologic rejection of a life support-
ing organ transplant are familiar
examples - of wundesirable responses.
Immune reactions, abnormal in magni-
tude or kind to certain infectious or
other agents, apparently are involved
in various “autoimmune” diseases af-
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fecting diverse tissues or organs (I).
Antigen-antibody complexes may local-
ize in the kidney causing renal injury
(2). Furthermore, antibody to tumor
antigens may prevent cell mediated
immunologic injury to the tumor; thus,
suppression of the antibody response
to a tumor may be desirable (3).

The general approach for preventing
or controlling life threatening immune
reactions has been to reduce the total
number of lymphoid cells, usually by
administering cytotoxic drugs or ir-
radiation or, by giving heterologous
antibody directed against lymphoid
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cells (4). These procedures, which
nonspecifically suppress responses to
all antigens, are sometimes remarkably
effective in promoting graft survival or
controlling  autoimmune  processes.
However, the complications of im-
munosuppressive therapy are frequent
and often severe; they include over-
whelming infection, increased risk of
malignancy, and injury to nonlymphoid
tissue (5).

Ideally, immunosuppressive therapy
should selectively suppress either the
antibody or the cell mediated response
to a specific antigen without altering
responses to other agents. This ideal
has been achieved clinically in one
instance. Immunization by fetal Rh
antigen is prevented by giving the Rh
negative mother antibody against Rh
antigen immediately after she has
given birth to an Rh positive child
(6). The mechanism of specific sup-
pression achieved by giving antibody
passively has been studied extensively
(7). Other studies demonstrate that
specific regulation can be achieved by
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Fig. 1. Antigen includes a carrier having
different determinants, indicated here by
numbers 1 to 3, and a determinant D.
The antigen stimulates B and T lympho-
cytes having receptors for these determi-
nants. Receptors on T cells are not illus-
trated because the nature of the T cell
receptor is not known; however, it is
possible that the general structure of re-
ceptors on the two kinds of cells may be
similar. Although only one receptor is
illustrated on the B cell, such cells are
estimated to have on the order of 10°
receptor molecules per cell. On antigenic
stimulation, B lymphocytes proliferate,
and synthesize and release antibodies hav-
ing combining sites for D which are
“identical” to the combining sites of the
receptors on the B cells specific for D.
The T lymphocytes proliferate to give rise
to expanded populations of cells having
receptors for carrier determinants.

different mechanisms. These findings
taken together provide a basis for de-
veloping specific immunosuppressive
therapy and for understanding .the
autoregulation of immune reactions oc-
curring in nature.

Reactants and Products

An immune response includes pro-
liferations of lymphoid cells which
synthesize and release antibody, or the
development of cells responsible for
“cell mediated immunity,” or both. An
antibody response, a cell mediated re-
sponse, or a combined response may
develop depending on the nature of
the antigen and the kind of exposure
to it. We accept the general assump-
tions of clonal selection (8) which for
our purposes can be stated as follows:
antigen selects the relatively few
lymphoid cells having receptors for
it; these few cells proliferate and dif-
ferentiate giving rise to expanded pop-
ulations of antigen specific cells.

The term antigen generally refers to
diverse and complex agents such as
bacteria, viruses, and heterologous cells
and proteins, but each such agent con-
tains many different antigenic determi-
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nants, that is, the smallest definable
units which are recognized, responded
to, and with which antibody combines.
Those determinants or haptens that
have been characterized are relatively
simple chemicals such as dinitrophenol,
picryl chloride, phosphorylcholine, his-
tamine, or small peptides and saccha-
rides having structures specified by
about five or six amino acids or oligo-
saccharides (9). Determinants, though
they combine with antibody, do not
themselves stimulate an immune re-
sponse but must be coupled with or be
part of a carrier molecule or mem-
brane which has additional different
antigenic determinants. If the determi-
nant is coupled with a nonimmunogen-
ic carrier, then to become immunogenic
it must be injected with an adjuvant
which has multiple antigenic determi-
nants (10).

Antigen specific cells are bone mar-
row—derived lymphocytes (B cells)
(I1) and thymus-derived lymphocytes
(T cells). The B cells have immuno-
globulins on their cell surface which
function as receptors for antigenic de-
terminants (/7). Some antigens such
as pneumococcal polysaccharides, po-
lymerized bacterial flagella, and poly-
fructase may stimulate B cells directly
(12). The antibody response to most
antigens requires cooperation between
B and T cells, but the T cells are
“carrier specific” (1/3). Thymus-derived
cell receptors have not been character-
ized, but the density of receptors may
be lower on T cells than on B cells or
the receptor may be comparable to only
a portion of an entire immunoglobulin
(14). Antibody responses to a deter-
minant may be equally high though a
determinant is coupled to unrelated car-
riers, indicating that T cell interaction
with the carrier does not provide a
specific stimulus for antibody produc-
tion by the B cell (I5).

A third cell type is required for the
antibody response to many antigens,
at least in vitro. These cells, which
tend to adhere to plastic or glass and
are usually referred to as A cells, in-
teract with antigen or a product of the
interaction of specific T cells and an-
tigen to stimulate B cells (16).

Thymus-derived cells are required
for the development of cell mediated
immunity; B cells are apparently not
required, although this possibility is not
excluded (I7). A nonspecific factor
which may act to localize or alter the
interaction of antigen with T cells is
required for development of cell me-
diated immunity (18).

ANTIBODY TO:
ANTIGEN DETERMINENT RECEPTOR SPECIFIC CELL.
12 3
Lty > —>

Fig. 2. Interaction of antigen and cells
reactive to D can be prevented by anti-
body directed against either D or the re-
ceptor for D.

The specific products of immune re-
sponses are antibody, ‘‘sensitized” T
cells, and cells responsible for “im-
munologic memory.” Antibodies hav-
ing the same antigenic specificity but
differing in other respects are divided
into classes and subclasses; IgM, IgG,
IgA, and IgE are the classes studied
most extensively (/9).

Sensitized T cells are presumed to
have receptors for determinants on the
carrier, and interaction of these cells
with the antigen causes the release of
various mediators which are cytotoxic,
inhibit migration of macrophages, or
cause increased vascular permeability
or other reactions (20). It is generally
assumed that the mediators are re-
leased from sensitized T cells; how-
ever, it has been suggested that the
interaction of specific T cells and anti-
gen causes release of mediators from
another population of T cells which
are neither antigen specific nor pre-
cursors of such cells (21).

Cells that form antibody do not
themselves give rise to the population
of “memory” cells which are responsi-
ble for the continued capability to
respond to an antigen; rather, antigen
is thought to cause precursor cells to
divide and give rise to two populations
of B cells; one of antibody forming
cells and the other of “memory cells”
(22). On the other hand, a greater or
more rapid antibody response can oc-
cur if the number of carrier specific
T cells increases independently of any
increase in the number of B cells (23).
Carrier specific T cells recirculate
in increased numbers long after im-
munization with some antigens (24),
and undoubtedly these cells account in
part for the phenomenon of “memory”
(25).

Conceptual Basis of Specific

Suppression

Suppression of the development of
immunity could result either from
blocking the interaction of antigen
with cell receptors or from decreasing
the numbers of specific cells that could
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interact with antigen. Thus, antibody
directed either against the antigen, or
against the specific combining site of
the cell receptors, might specifically
suppress immunity (Figs. 1 and 2).
Antibody directed against antigen
could suppress immunity either by
combining directly with antigen (pe-
ripheral block) or by combining with
responding cells (central block), in
the latter case by combining with anti-
gen-cell complexes to prevent required
interaction with other cell types (Fig.
3).

On the other hand, antibody di-
rected against cell receptors would
react directly and centrally with re-
sponding cells. Similarly, free antigenic
determinants or a great excess of an-
tigen might block receptors to prevent
necessary cell to cell interactions or
act directly with specific cells to cause
them to be unresponsive (Fig. 3).
These general mechanisms should ap-
ply to development of either antibody
or cell mediated responses; however,
stimulation of either an antibody or
cell mediated response to an antigen
might suppress development of the
other type of response. This could
occur because T cells with receptors
for an antigen are limited in number
and are required for both the antibody
and cell mediated responses to some
antigens. Diversion of T cells to one
type of response should decrease the
number available for development of
the other type of response. Thus, an-
tigen given alone to stimulate an an-
tibody response might specifically sup-
press development of cell mediated im-
munity (Fig. 3).

Other mechanisms of regulation un-
doubtedly operate. For example, T cells
must synthesize receptors for carrier
determinants. It is not known whether
antigen specific. receptors are released
or not, but either such agents or T
cells themselves should participate
in the regulation of immune responses;
and indeed, suppression of IgE anti-
body production by specific T cells has
been reported (26). It may be worth
our noting that a specific response
might cause nonspecific suppression to
a different antigen. This could occur at
any step where an essential element in
limited amounts was consumed by the
specific response, or alternatively, if
products were elaborated which non-
specifically depressed or interfered with
B cell function or T cell function, or
both. Nonspecific suppression of some
immune responses by T cells (27) may
represent an example of this possibility.
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Fig. 3. The interaction of B cells with
antigen on A cells could be blocked by
antibody to D or by an excess of D. In
this way cooperation between B and T
cells might be prevented. Some antigens
having repeated identical determinants
may stimulate B cells directly, or if in
excess may cause cross-linkage of recep-
tors to make B cells unresponsive (44).
The T cell response is the sum of the
specific responses to different carrier de-
terminants. If T cells are required for
the B cell response, then any procedure
which reduces the number of T cells
reactive with carrier determinants may
reduce the B cell response.

In this article, however, we discuss
primarily some models we have worked
with which illustrate specific suppres-
sion by treatment with antibody to re-
ceptors and antigen. We do not at-
tempt to be comprehensive in relating
this work to that of others or to dis-
cuss in detail alternative interpreta-
tions of this work.

Suppression by Antibody

Suppression of the antibody response

by passive immunization has been ob-

served for many antigens in many dif-
ferent species, but the nature of the
response to sheep erythrocytes (SRBC)
and suppression of this response by
antibody has probably been studied
most extensively. Relatively small
amounts of antibody against SRBC
given to normal animals specifically
suppresses their primary IgM and IgG
antibody response. Antibody given up
to 24 hours after immunization is al-
most as effective as when given before
or at the time of immunization. When
antibody is given more than 24 hours
after antigen, it has very little effect
on the course of the primary IgM re-
sponse, though it may alter the devel-
opment of the IgG response or a sec-
ondary response (28). The duration of
suppression is a function of the bio-

logical half-life of the antibody and
therefore depends on the amount and
class of antibody given. Primary re-
sponses can be virtually abolished by
small amounts of hyperimmune serum,
that is, serum from a donor immunized
repeatedly with SRBC. Both IgM and
IgG antibodies suppress the antibody
response, although IgM antibody can
increase responses of mice to subopti-
mal doses of SRBC under particular
circumstances (29). The same quantity
of the same antibody preparation which
so effectively suppresses a first response
has little. or no effect on previously im-
munized animals (30). .

Undoubtedly, antibody suppresses
the development of immunity by com-
bining with antigen, but a simple con-
cept of “neutralization” of antigen by
antibody cannot account for the phe-
nomenon. For example, if antibody
suppressed the immune response by
reducing the amount or dose of anti-
gen, then the kinetics of suppressed
responses should be equivalent to re-
sponses observed with lower antigen
doses. This is not the case. A decrease
in the dose of antigen decreases the
rate of proliferation of antibody pro-
ducing cells while suppression by anti-
body decreases the number of cells
initially responding without affecting
the rate of proliferation of cells that
do respond (31). This probably occurs
because passively given antibody pre-
vents the selection of specific cells in
the spleen (24), a finding we discuss
later.

Admittedly, antibody-SRBC com-
plexes formed in vitro in the presence
of excess antibody and washed thor-
oughly produce very low responses,
but such complexes also effectively
suppress the response to a large dose
of free SRBC given several hours later
(30). Apparently, a small amount of
antibody combined with antigen in cri-
tical sites is sufficient to suppress the
response. Studies of the response of
mouse spleen cells to SRBC in vitro
support this contention. The magnitude
and kinetics of the plaque-forming cell
(PFC) response obtained in vitro are
comparable to that obtained in vivo
(32). The PFC response requires both
A cells and a population of nonadher-
ent cells which contains both B and T
cells (33). The presence of A cells that
have reacted with antigen is required
for 2 to 3 days of the exponential
phase of the response and the addition
of antibody to cultures during this pe-
riod has the same effect as eliminating
either A cells or the antigen on A cells
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from cultures (34). Thus, antibody
probably suppresses the PFC response
by combining with a small amount of
antigen bound to A cells. It is interest-
ing that A cells and antigen are re-
quired for shorter periods if cells have
been obtained from previously immu-
nized mice (35); the relative insensi-
tivity of the secondary response to
suppression by antibody may occur
because of this decreased requirement
(35).

Suppression by Antibody against
Specific Receptors

We assume that antibody suppresses
the development of immunity by com-
bining with antigen and that antigen is
exogenous material introduced into the
responder. However, recent experi-
ments demonstrate unequivocally that
antibody directed against specific re-
ceptors causes specific suppression, and
in this case the antibody is directed
against endogenous antigenic determi-
nants. Whether such antibody to re-
ceptors plays a role in the normal
regulation of immune responses is not
known, but the findings to date are
most provocative.

The experiments are based on two
assumptions: (i) the specific combin-
ing region of a cell receptor for anti-
gen and the antibody produced are
very similar or identical, and (ii) the
specific combining region is itself po-
tentially antigenic. Thus, an antibody
directed against the specific combining
region of an antibody would also be
directed against the specific receptor,
and such antibody could either block
the activity of antibody already pro-
duced or prevent cells from responding
initially. These assumptions have been
validated in the following way.

The myeloma protein produced by
the TEPC-15 tumor in BALB/c mice
combines specifically with the antigen-
ic determinant phosphorylcholine (36).
The combining region of this myeloma
protein is very similar or identical to
that of antibody produced by the nor-
mal BALB/c mouse to phosphorylcho-
line (37, 38). The normal response is
induced by a vaccine of a rough strain
of pneumococcus, R36A, having phos-
phorylcholine as a major determinant
or by phosphorylcholine coupled to
various carriers. Immunized spleen cells
in the presence of complement produce
lytic plaques against phosphorylcholine
coupled to SRBC (37). Mice of the A/
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He strain that are injected repeatedly
with the purified myeloma protein in
adjuvant develop precipitating antibody
against the myeloma protein which is
not removed by absorption with normal
BALB/c serum or by a noncross-react-
ing BALB/c myeloma protein. The
antibody has no activity against phos-
phorylcholine; yet it specifically sup-
presses plaque formation by cells from
BALB/c mice immunized against phos-
phorylcholine (37), and it specifically
and completely suppresses the induction
of the antibody response to phosphoryl-
choline in BALB/c¢ mice (38). This lat-
ter effect is observed if the antibody
is given before, but not 1 day after
immunization. The response to phos-
phorylcholine, at least when induced by
pneumococcal vaccine, appears to be
independent of A or T cells, and
therefore the antibody probably sup-
presses the response by combining with
receptors on B cells. Whereas antibody
against antigen does not suppress ef-
fectively the response of previously
immunized animals, the antibody to
receptors effectively suppresses the re-
sponses of mice immunized 2 weeks
previously with  phosphorylcholine.
Thus, antibody to receptors must sup-
press “memory” B cells as well as B
cells initially responsive to phosphoryl-
choline.

An individual that produces anti-
body to receptors must himself have
cells with receptors for the combining
site of the antibody. Although it might
seem unlikely that antibody produced
by an individual would be antigenic
in the same individual, it is conceiv-
able that antibodies complexed with an-
tigen in the presence of excess antibody
might be antigenic with the “complex”
serving as carrier and exposed combin-
ing sites serving as determinants (Fig.
4). Antibody and anti-antibody would
each be the “anti-antibody” to the other,
a concept which circumvents the objec-
tion that if anti-antibody is possible
then anti—anti-antibody, and so on to
absurdity must also be possible.

Circumstantial evidence supports the
concept that antibody and anti-anti-
body exist in some hyperimmune ser-
ums produced against SRBC and against
alloantigens (39). The intriguing possi-
bility exists then, that antibody directed
to receptors may be synthesized during
the course of an immune response, and
that such antibody may play an im-
portant role in the continuing auto-
regulation of immune responses to an
antigen (40).

Suppression by Antigen

Certain antigens such as heterolog-
ous serum proteins or bacterial poly-
saccharides given in large doses cause
very low or undetectable serum anti-
body responses; furthermore, animals
may remain specifically unresponsive
for prolonged periods of time to doses
of the antigen that are normally im-
munogenic (47). Characteristically,
such antigens are sequestered or de-
graded slowly. Unresponsiveness pre-
sumably occurs because the antigen
blocks receptors and thus interferes
with cell-cell interactions or suppresses
responding cells directly. Although the
evidence that either mechanism oper-
ates in vivo is not entirely satisfactory,
several investigators have shown both
of them to operate in vitro. High doses
of free determinant (42) or determi-
nant conjugated to syngeneic erythro-
cytes (43) may suppress the immune
response. In the latter case, the re-
sponse is dependent on carrier specific
cells, and the determinants coupled to
syngeneic cells presumably combine
with B cells to interfere with their in-
teraction with T cells. The response to
polymerized flagellar antigen does not
require T cells, and in this instance a
large excess of the antigen presumably
suppresses the response by causing

cross-linkage of receptor sites on B

cells (44). These or possibly other
mechanisms may account for both the
initial and continued suppression of
the response observed in vivo after
injection of doses of antigen that cause
immunologic paralysis of the animal.
The other mechanisms may include
nonspecific suppression by T cells (27)
or feedback suppression by small
amounts of actively produced antibody.
The fact that spleen cells from mice
made unresponsive by a large dose of
pneumococcal vaccine respond normal-
ly in vitro to the antigen indicates that
suppression is reversible and that clones
of cells have not been eliminated (45).

Antigen can also specifically sup-
press the development of cell mediated
immunity, but by a different mecha-
nism that we discuss in the following
section.

Suppression of Cell Mediated
Immunity by Antibody and Antigen
We have used two models for our

studies of suppression of cell mediated
immunity: sensitization to SRBC and
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renal allograft rejection. Since the
models themselves as well as the mech-
anisms of suppression are complex,
brief descriptions of the models may
be helpful. Rats injected intradermally
with SRBC emulsified in Freund’s com-
plete adjuvant (FCA) develop cell
mediated immunity to SRBC. Sensi-
tivity, as measured by the local reaction
to antigen injected intradermally, is
first demonstrable by 5 to 6 days, is
severe by 8 to 10 days, and declines
to low levels by 3 to 4 weeks after
sensitization; both antigen and adju-
vant must be reinjected to sustain sensi-
tivity (46). Development of sensitivity
is partially and specifically suppressed
by giving either antibody to SRBC or
SRBC alone. Antibody obtained dur-
ing the early part of the primary re-
sponse is ineffective whereas hyper-
immune serum given 1 day before or
at the time of sensitization is maximally
suppressive. An immunizing dose of
108 SRBC given intravenously 24
hours before sensitization is maximally
suppressive. Antigen treatment is in-
effective if given 3 to 5 days before or
more than 1 day after sensitization.
Repeated attempts to obtain complete
suppression with either antibody alone
or antigen alone have failed, whereas
complete suppression is obtained by
using the two procedures together
(46, 47). The success of these proce-
dures suggested that they might be ap-
plicable for promoting survival of renal
allografts.

Lewis (L) and Brown Norway
(BN) are inbred rat strains that have
major histocompatibility differences. A
kidney from an F; LBN donor trans-
planted into a. bilaterally nephrecto-
mized Lewis recipient is invariably re-
jected, and the recipient dies of uremia,
usually within 10 days. Survival is
prolonged by either of two procedures:
(i) by giving the recipient at the time
of surgery antibody directed against
graft antigens (that is, antiserum from
Lewis rats injected with BN antigen),
or (ii) by giving graft antigen intra-
venously to the recipient 1 day before
surgery (that is, BN or LBN lymphoid
cells). Each procedure is immunologi-
cally specific, and the two used to-
gether are more effective than either
procedure alone (48). Thus, the medel
is analogous to the model in which
SRBC are used as antigen, but it differs
in important ways: An adjuvant is re-
quired to induce cell mediated immu-
nity to SRBC, whereas both an antibody
response and cell mediated immunity
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Fig. 4. An individual that produces anti-
tody to receptors (that is, specific anti-
antibody) must have cells with receptors
that react with the combining site of the
antibody. The antibody itself might not
stimulate the formation of antibody to
receptors because the antibody lacks ap-
propriate carrier determinants; however,
the original antigen complexed with the
antibody might provide carrier determi-
nants. If both products are produced,
antibody and antibody to receptors are
probably free and in antibody-antibody
complexes.

develop against graft antigens after kid-
ney grafting. Also, the source and the
dose of antigen are not precisely deter-
mined since the graft survives for vari-
able lengths of time, and at least some
of the grafted cells proliferate.
Recipients treated with antibody
alone may survive indefinitely though
they often have evidence of impaired
renal function. Hyperimmune anti-
serums effective for prolonging graft
survival contain agglutinins for BN
erythrocytes and antibody cytoxic for
BN lymphoid cells in the presence of
complement, but the titers of these
antibodies do not necessarily correlate
with the effectiveness of antiserums in
enhancing graft survival (49). Results
obtained with small amounts of a very
effective antiserum given at the time
of surgery are not improved by giving
larger amounts or extending the injec-
tion schedule, although results with a
less effective serum may be improved
by giving additional serum for several
days after surgery (49). However, anti-
serum treatment does not reverse the re-
jection process once it has started.
Recipients treated with antigen alone
usually do not fare as well as recip-
ients " treated with an effective anti-
serum, but individual rats may survive
indefinitely. The timing of antigen in-
jection is important, administration 1
day before surgery being most effective.
Recipients given antigen 3 to 5 days
before surgery reject kidneys more
rapidly than untreated controls; anti-
gen given more than 1 day after sur-
gery has no effect. Doses of antigen
in the range of 5 X 107 to 108 washed
spleen cells, or lymph node cells, or

both, are most effective, and these
doses of antigen stimulate a moderate
circulating antibody response (50).
The graft itself, particularly the mobile
“passenger leukocytes” within the vas-
culature of the graft, provides a source
of antigen which may affect the host’s
response in the same way as intrave-
nously injected antigen and this may
account for the variability of antigen
treatment on graft survival (51). How-
ever, it is important to note that many
Lewis recipients treated just once with
both an effective antibody. preparation
and an appropriate dose of allogeneic
cells as antigen accept the LBN renal
allograft and fare as well as though
it were a syngenic graft; they live a
full life span without impaired renal
function or any evidence of rejection
crises.

Antigen given intravenously stimu-
lates an antibody response, and anti-
body given passively suppresses devel-
opment of cell mediated immunity. It
might be reasoned, therefore, that
intravenous antigen suppresses devel-
opment of cell mediated immunity by
stimulating an active antibody re-
sponse. Several findings do not favor
this simple explanation (52), however,
and as shown in the following section,
each procedure has a different effect on
recirculating lymphocytes.

Specific Selection of Lymphocytes

Interaction of lymphocytes with
antigen at the site of sensitization or
in regional nodes is required for the
development of cell mediated immu-
nity (53). The localization of lympho-
cytes at these sites by antigen is ac-
complished by selection of specific cells
from the recirculating pool present in
lymph and blood. This is deduced from
several kinds of observations. For ex-
ample, thoracic duct lymph collected
from rats 24 to 36 hours after they
had been sensitized with SRBC in FCA
was markedly deficient in cells capable
of restoring the antibody response of
heavily irradiated rats to SRBC (24).
Similarly, lymphocytes obtained from
blood 24 hours after Lewis rats re-
ceived an LBN kidney transplant gave
greatly reduced mixed lymphocyte in-
teractions against LBN cells (54). For
both examples, the total number of
cells in lymph or blood was not re-
duced measurably, and the reduced ac-
tivity was specific for the antigen
injected.
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Antigens such as SRBC or allo-
geneic cells injected intravenously also
select B or T lymphocytes, or both,
from the recirculating pool so that the
number of antigen specific cells is re-
duced in blood and lymph and in-
creased in the spleen (24, 54, 55). The
reduction in specific cells in blood and
lymph is marked from 1 to 3 days but
is no longer demonstrable 4 days after
antigen injection. Clearly then, antigen
injected intravenously 24 hours before
sensitization with antigen-adjuvant or
by a graft would décrease the number
of specific cells that could react with
sensitizing antigen and by this mecha-
nism would suppress development of
cell mediated immunity. It is worth
our emphasizing that antigen injection
24 hours before sensitization neither
eliminates all antigen specific cells
from the ricirculating pool nor does it
abolish development of cell mediated
immunity; furthermore, the number of
antigen specific cells increases to usual
amounts by 3 to 4 days after antigen
injection and sensitization at this time
is not suppressed.

Antibody given to normal animals
prevents selection of recirculating
lymphocytes. For example, thoracic
duct cells from rats given antibody to
SRBC before intravenous injection of
SRBC are normally effective in restor-
ing the response of heavily irradiated
rats to SRBC (24). Passively given
antibody also prevents selection of re-
circulating lymphocytes by alloantigen.
Lewis rats were injected intravenously
with Lewis anti-BN antibody and sev-
eral hours later with LBN cells; blood
leukocytes that were obtained the fol-
lowing day gave normal mixed leuko-
cyte interaction against LBN lymphoid
cells (54).

Selective recruitment of recirculating
lymphocytes by antigen might be pre-
vented in either of two ways; by anti-
body directed against antigenic deter-
minants or by antibody directed against
specific cell receptors on recirculating
lymphocytes. The serums which pre-
vent selection are hyperimmune serums
having high titers of antibody directed
against the antigen, but, as indicated
earlier, such serums may also contain
antibodies to receptors. In any event,
two other findings are consistent with
the general suggestion that antiserums
suppress responses of normal animals
by preventing selection of recirculating
lymphocytes. As noted earlier, the
kinetics of responses suppressed by
antibody indicate that smaller numbers
of cells respond initially. Also, anti-
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body given more than 24 hours after
antigen, that is, after selection has oc-
curred, causes much less suppression
than when given with the antigen.

All of these findings taken together
indicate that intravenous antigen and
passive antibody suppress development
of cell mediated immunity by different
mechanisms. Each procedure has the
effect of decreasing the number of spe-
cific recirculating lymphocytes which
interact with sensitizing antigen: intra-
venous antigen by reducing the number
of such cells in the recirculating pool,
and passive antibody by preventing
those cells that do circulate from inter-
acting with sensitizing antigen. The
fact that the procedures alone do not
abolish sensitization is consistent with
the observations that intravenous anti-
gen does not eliminate all reactive cells
in the recirculating pool, and passive
antibody does not totally prevent selec-
tion of reactive recirculating cells. It
is reasonable to expect that the proce-
dures used together should be more
effective than either alone, and such
has been observed. It should be empha-
sized that these mechanisms of sup-
pression pertain only to development
of cell mediated immunity, not to sus-
tained suppression which may result
without additionai antibody being
given.

Homeostasis of Suppression

The phenomenon of specific sup-
pression has two phases: one of initial
suppression of development, and the
other of maintenance of suppression
for an extended time. While the first
phase is obviously dependent on the
particular suppressive treatment used,
the second phase is much more com-
plex and is probably dependent on an
active response by the host.

Antibody actively produced in small
amounts may sustain suppression of
the antibody response. For example,
rats passively immunized with antibody
against SRBC only once and injected
with SRBC a day later and once a
week thereafter continue to have low
antibody responses for as long as in-
jections of SRBC are continued (56).
Rats given antibody alone 4 weeks
previously have no detectable serum
antibody, and they respond normally;
thus, sustained suppression cannot be
attributed to persistence of the antibody
given passively. The low titers of serum
antibody demonstrable many weeks
after passive immunization and weekly

antigen injections must therefore be
due to active antibody synthesis, and
indeed, rats with sustained suppression
had significantly more PFC in the
spleen than nonimmunized normal ani-
mals. If injections of antigen are
stopped for a month, the animals are
again responsive. It seems reasonable to
assume, therefore, that suppression of
a large number of potentially responsive
cells is sustained by antibody actively
produced by the relatively few cells and
their progeny which were not sup-
pressed initially (57), or by antibody
to receptors that were actively produced
in response to antigen-antibody com-
plexes.

Such an explanation does not ac-
count so readily for continued suppres-
sion of cell mediated immunity to
SRBC. Severe sensitivity results if in-
jections of both SRBC and adjuvant
are made every 8 to 12 days, and such
animals have very high titers of anti-
body to SRBC (46). Complete sup-
pression achieved initially with antigen
and antibody can be sustained by giv-
ing SRBC intravenously 24 hours be-
fore each successive intradermal in-
jection of SRBC-FCA. Though such
animals develop no detectable cell
mediated immunity, they do develop
appreciable titers of actively produced
antibody. Repeated intravenous injec-
tions of antigen cause a sustained re-
duction in the number of antigen spe-
cific cells in the recirculating pool
(24), and in this way the number of
cells which can react with sensitizing
antigen is presumably reduced. In any
event, it is unlikely that sustained sup-
pression is due to elimination of clones
of potentially reactive cells, for if intra-
venous antigen injections are discon-
tinued prior to injection of antigen and
adjuvant, the animals in which the
response is suppressed develop cell
mediated immunity within 7 to 10 days
(46).

The mechanisms accounting for con-
tinued survival of rat renal allografts
are also complex. The evidence is con-
vincing that continuing survival of the
kidney is not due to adaptation of the
graft to the host (50). Continued un-
responsiveness of the Lewis recipient
is dependent on continued presence of
the graft, for if an LBN kidney trans-
plant is replaced by a Lewis kidney,
the Lewis recipient 1 month later will
cause severe immunologic injury of a
second LBN kidney graft (58). Pre-
sumably, the graft stimulates continued
active antibody production, and this
antibody prevents rejection of the
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graft. Evidence for this, though circum-
stantial, is reasonably convincing.

1) We are reasonably certain that ac-
tively produced antibody can promote
graft survival. As pointed out earlier,
intravenous antigen given 1 day before
grafting promotes survival, but given
3 to 5 days before grafting, causes
more rapid rejection of the kidneys.
We add here the point that recipients
given antigen alone 2 to 4 weeks be-
fore grafting have circulating antibody
against graft antigen, and they fre-
quently accept a renal allograft for
prolonged periods. Apparently then, in-
travenous allogeneic antigens have
three effects: selection of recirculating
lymphocytes, stimulation of cell medi-
ated immunity, and stimulation of an
active antibody response by the
selected lymphocytes. Without a graft
or repeated antigen injections, cell
mediated immunity wanes and anti-
body actively produced may partially
suppress the reestablishment of cell
mediated immunity by the graft (58).

2) Rats with suppressed responses
do have cell mediated immunity de-
monstrable in vitro; furthermore, they
have serum factors which block cell
mediated immunity (59). These ob-
servations depend on two assays
adapted for our rat model; for each
assay, lymphoid cells from a Lewis
recipient are incubated with appropri-
ate target cells having BN antigens.
One test, which depends on the release
of chromium-51 from labeled target
cells, reveals that antibody given at the
time of grafting (which by itself pro-
motes indefinite survival of the graft)
delays the onset but not the magnitude
of the cell mediated response (60).
Without passively given antibody, cell
mediated immunity reaches a peak by
5 days and kidneys are rejected. With
passive antibody, similar levels of im-
munity develop by 11 days, but the
kidney is not rejected. By several
weeks cell mediated immunity de-
clines markedly but not completely as
long as the allograft remains. The
second test, depending on loss of ad-
herence of target cells, demonstrates
that both the antiserum used to pro-
mote graft survival and serum from
rats which have had a renal allograft
for many months specifically block cell
mediated immunity in vitro (61).
These findings taken together indicate
that those procedures that suppress
cause a delay in the onset of develop-
ment of cell mediated immunity and
permit active synthesis of antibody
which prevents manifestation of cell
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mediated injury to the graft. The anti-
body which is effective may be directed
against antigen or specific receptors,
or it may include antibody directed
against both antigen and receptors.

Tolerance, Paralysis, and Enhancement

Specific suppression can be induced
with relative ease in animals that are
immunologically unresponsive because
of immaturity, or because lymphoid
tissue has been partially ablated by
x-irradiation, or because they have been
injected with antibody to lymphocytes
or subjected to other procedures (62).
With growth or recovery, immunologic
responsivity attains normal levels ex-
cept to those antigens to which expo-
sure occurred during this critical period.
Presumably, the cells potentially re-
sponsive to these antigens have been
eliminated or ‘“turned off,” that is,
made tolerant, and it is often suggested
that tolerance to self-antigens occurs in
the same way. Some immunologists
might argue that “immunologic paral-
ysis” induced in normal adult animals
by large doses of some kinds of antigen
such as pneumococcal polysaccharide
provides an example of how other anti-
gens may induce tolerance by “turning
off” cells. This line of reasoning may
lead to the assumption that tolerance
and paralysis are fundamentally differ-
ent from suppression which depends on
the products of an immune response for
induction and maintenance of the un-
responsive state. But the demarcation
between these phenomena is often not
clear (41).

This difficulty is illustrated in the
case of “immunologic enhancement”
of tumors. It is possible that all tumors,
whether induced by chemical, physical,
or viral agents, have antigens which
are either “new” to the host or are not
expressed in the mature individual
(63). The tumor may grow without
apparent immunologic reaction of the
host, and the host is apparently “toler-
ant” to the tumor. Nevertheless, lymph-
oid cells removed from the host bear-
ing the tumor are specifically cytotoxic
to the tumor cells; furthermore, serum
factors, which are undoubtedly anti-
body or antigen-antibody complexes,
specifically block this cell mediated in-
jury to the tumor in vitro (3). Ap-
parently, a host bearing a growing

“tumor actively produces antibody in

small quantities which “enhances”
tumor growth by interfering with cell
mediated immunity. The correspon-

dence between the tumor and allograft
models is obvious, but the objective of
the tumor immunologist is to devise a
means for suppressing production of
enhancing antibody or to ‘“‘unblock”
enhancing antibody, while the objective
of the transplant immunologist is to
take advantage of enhancing antibody
to promote graft survival.

In many instances it is apparent that
tolerance is not due to elimination of
specific responding cells. When it can
be examined, continued tolerance or
paralysis requires persistence of the
antigenic stimulus. But even in the
presence of the persistent antigen,
tolerance may be lost spontaneously or
because of treatment with nonspecific
agents which cause proliferation of
lymphoid cells (64). Also, in some
models, cells from tolerant or para-
lyzed animals incubated in vitro or
transferred to heavily irradiated recipi-
ents may respond as well as normal
cells to the antigen (45). In other in-
stances antibodies which react with
self-antigens are demonstrable in vari-
ous pathologic states. Thus, in many
conditions which are usually con-
sidered to be examples of tolerances
or paralysis, the capacity to respond
must be actively suppressed rather than
absent.

A very low, but nevertheless real,
active immune response can be demon-
strated during the induction and main-
tenance of tolerance (57) or paralysis
(65) if a sensitive technique such as
the PFC response can be used. In some
examples of induced tolerance to allo-
antigens, serum antibody to the allo-
antigen is present in sufficient quanti-
ties to actively suppress responses of
normal animals (66); in other cases
small amounts of antibody in high
concentrations at critical sites might
suppress, even though no antibody is
detectable in the serum. This idea is
strengthened by the demonstration that
cells from a donor made tolerant to
some antigens when transferred to a
normal recipient cause the recipient to
be specifically unresponsive to the anti-
gen (67). In this situation, tolerant
cells must elaborate a specific material
(antibody to antigen or receptor?)
which “turns off” normal cells.

Because of these kinds of findings,
we suggest that the many apparent
differences between tolerance, paraly-
sis, and enhancement are often only
differences of degree. The important
underlying problem is to understand
how immune responses are regulated at
different levels of activity.
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Summary

The models we have discussed in
detail demonstrate specific suppression
of immune reactivity produced in nor-
mal adult animals by antibody and
antigen. The mechanism of homeo-
stasis of suppression in these models
depends on continued exposure to anti-
gen and on an active response by the
host. The active response may include
production of antibody directed against
specific receptors as well as antibody
directed against antigen. Thus, spe-
cific regulation of both antibody and
cell mediated immunity to an antigen
might be achieved by the use of only
the biological agents of the response:
antigen, antibody, and possibly anti-
body to receptors. The general implica-
tion is that these same biological
agents are responsible for autoregula-
tion of immune reactions occurring in
nature. Presumably, these agents may
be used to suppress or reverse immune
responses for appropriate clinical ob-
jectives.

References and Notes

1. Symposium on Immunologic Mechanisms in
Injury or Disease of Vascular, Renal, and
Cardiac Tissues, Fed. Proc. 24, 93-112 (1965);
R. W. Steblay, in International Convocations
in Immunology, N. R, Rose and F. Milgrom,
Eds. (Karger, New York, 1968); D. Koffler,
R. I. Carr, V. Agnello, T. Fiezi, H. G.
Kunkel, Science 166, 1648 (1969); M. Samter,
Ed., Immunological Diseases (Little, Brown,
Boston, ed. 2, 1971).

2. T. S. Edgington, R. J. Glassock, F. J.
Dixon, Science 155, 1432 (1967); Proceedings
of a symposium sponsored by the New York
Heart Association, J. Exp. Med. 134, No. 3,
pt. 2 (1971).

3. 1. Hellstrom and K. E. Hellstrom, Int, J.
Cancer 4, 587, 601 (1969); ibid. 5, 195 (1970);
S. C. Bansol and H. O. Sjogren, ibid. 9, 490
(1972); R. W. Baldwin, M. R. Price, R. A.
Robins, Nature New Biol. 238, 185 (1972).

4. F. W. Fitch and D. A. Rowley, Inflammation
Mechanism and Control (Academic Press,
New York, 1972); N. A. Mitchison, Fed.
Proc. 29, 222 (1970).

5. Symposium on Effect of Immunosuppression
on Viral Infections, Fed. Proc. 30, 1822-64
(1971); J. M. Gangas, F. C. Chesterman, M.
S. Hirsch, R. J. Rees, J. J. Harvey, C. Gil-
christ, Nature 221, 1033 (1969); Ninth Re-
port of the Human Renal Transplant Reg-
istry, J. Amer. Med. Ass. 220, 253 (1972);
I. Penn and T. E. Starzl, Transplantation 14,
407 (1972).

6. V. J. Freda, J. G. Gorman, W. Pollack,
Science 151, 828 (1966); A. Zipursky and
L. G. Israels, Can. Med. Ass. J. 97, 1245
(1967); J. C. Woodrow, Ser. Haematol. No.
3 (1970).

7. Reviewed by J. W. Uhr and G. Moller,
Advan. Immunol. 8, 81 (1968). Other studies
since this review, but not referred to sub-
sequently, include: D. S. Pearlman, J. Exp.
Med. 126, 127 (1967); R. J. W. Ryder and
R. S. Schwartz, J. Immunol. 103, 970 (1969);
J. Ivanyi, Nature 266, 550 (1970); J. W.
Kappler, M. Hoffman, R. W. Dutton, J.
Exp. Med. 134, 577 (1971).

8. N. K. Jerne, Proc. Nat. Acad. Sci. U.S.A.
41, 849 (1955); D. W. Talmage, Science 129,
1643 (1959); F. M. Burnet, The Clonal Selec-
tion Theory of Acquired Immunity (Uni-
versity Press, Cambridge, England, 1959).

9. M. J. Crumpton and J. M. Wilkinson,
Biochem. J. 94, 545 (1965); E. A. Kabet,
J. Immunol. 97, 1 (1966); C. W. S, Parker,

1140

10.
11.

12.

14,

15.

16.

17.

19.

20.

21.

22.

. H. N. Claman,

S. M. Gott, M. C. Johnson, Biochemistry 5,
2314 (1966); M. B. Rittenberg and A, A.
Amkrant, J. Immunol. 97, 421 (1966).

I. Green, B. Benacerraf, S. H. Stone, /J.
Immunol. 103, 403 (1969).

G. L. Ada and P. Byrt, Nature 222, 1291
(1969); B. Pernis, L. Forni, L. Amanto, J.
Exp. Med. 132, 1001 (1970); J. Lesley and
R. W. Dutton, Science 169, 487 (1970); O.
Mikela, Transplant. Rev. §, 3 (1970); E. S.
Vitetta, S. Baur, J. S. Uhr, J. Exp. Med. 134,
242 (1971); E. R. Unanue, H. M. Gray, E.
Rabellino, P. Cambell, J. Schmidtke, ibid.
133, 1188 (1971); R. B. Taylor, W. P. H.
Duffus, M. C. Raff, S. de Petris, Nature
New Biol. 233, 225 (1971); C. J. Sherr, S.
Baur, 1. Grundke, J. Zeligs, B. Zeligs, J. W.
Uhr, J. Exp. Med. 135, 1392 (1972); D. D.
Manning and J. W. Jutila, ibid.,, p. 1316;
W. D. Perkins, M. J. Karnovsky, E. R.
Unanue, ibid., p. 267; G. J. V. Nossal,
N. L. Warner, H. Lewis, J. Sprent, ibid., p.
405; A. Basten, J. F. A. P. Miller, J. Sprent,
J. Pye, ibid., p. 610; M. D. Joseph and W. E.
Paul, ibid., p. 643; M. C. Raff, Nature 242,
19 (1973).

J. G. Howard, Ann. N.Y. Acad. Sci. 181, 18
(1971); M. Feldman, J. Exp. Med. 136, 737
(1972); J. J. Miranda, J. Immunol., in press;
P. Del Guercio, Nature New Biol. 238, 213
(1972).

E. A. Chaperon, R. F,
Triplett, Proc. Soc. Exp. Biol. Med. 122,
1167 (1966); G. F. Mitchell and J. F. A. P,
Miller, J. Exp. Med. 128, 821 (1968); J. F.
A, P. Miller and G. F. Mitchell, Transplant.
Rev. 1, 3 (1969); C. Cheers, J. C. S.
Breitner, M. Little, J. F. A. P. Miller,
Nature New Biol. 232, 248 (1971); M. Hoff-
man and J. W, Kappler, J. Immunol. 108,
261 (1972); R. Falkoff and J. Kettman, ibid.,
p. 54.

J. F. Lesley, J. R. Kettman, R. W. Dutton,
J. Exp. Med. 134, 618 (1971); U. Himmerling
and K. Rajewsky, Eur. J. Immunol. 1, 447
(1971); J. J. Marchalonis, R. E. Cone, J. L.
Atwell, J. Exp. Med. 135, 956 (1972); A.
Matter, B. Lisowska-Bernstein, J. E. Ryser,
J. P. Lamelin, P, Vassalli, ibid. 136, 1008
(1972).

G. Moller, J. Andersson, O. Sjoberg, Cell.
Immunol. 4, 416 (1972); G. M. Iverson and
J. Lindenmann, Eur. J. Immunol. 2, 195
(1972). However, carrier specific T cells may
determine the class of antibody produced by
B cells: C. Cheers, J. F. A, P. Miller, J.
Exp. Med. 136, 1661 (1972).

D. E. Mosier, Science 158, 1573 (1967); J.
Roseman, ibid. 165, 1125 (1969); H. Cosenza,
L. D. Leserman, D. A. Rowley, J. Immunol.
107, 414 (1971). The third cell type required
for the response in vitro may be required
for the response in vivo also: R. M. Gorczyn-
ski, R. G. Miller, R. A. Phillips, J. Exp.
Med. 134, 1201 (1971); D. W. Talmage,
J. Radovich, H. Hemmingsen, Cellular Inter-
actions in the Immune Response, S. Cohen,
G. Cudkowiez, R. McCluskey, Eds, (Karger,
Basel, 1971). Other types of studies indicate
that A cells may be required for development
of cell mediated immunity: L. Jimenez and
B. R. Bloom, Cell. Immunol. 3, 175 (1972).
G. Dennert and E. Lenox, Nature New Biol.
238, 114 (1972); J. A. van Boxel, J. D.
Stobo, W. E. Paul, 1. Green, Science 175,
194 (1972); G. Moller and S. E. Svehag,
Cell. Immunol. 4, 1 (1972).

. P. G. H. Gell and B. Benacerraf, Advan.

Immunol. 1, 319 (1961); J. L. Turk, Delayed
Hypersensitivity (North-Holland, Amsterdam,
1967); R. G. White, Brit. Med. Bull. 23,
39 (1967); J. Coon and R. Hunter, J.
Immunol., in press.

IgM, immunoglobulin M; IgG, immunoglobulin
G; IgA, immunoglobulin A; and IgE, im-
munoglobulin E. See J. Immunol. 108, 1733
(1972), and references cited therein.

H. S. Lawrence and M. Landy, Eds., Media-
tors of Cellular Immunity (Academic Press,
New York, 1969); symposium sponsored by
the American Society of Experimental
Pathology, Amer. J. Pathol. 60, 437 (1970);
J. R. David, Fed. Proc. 30, 1730 (1971).

D. W. Talmage, J. Radovich, J. LeFever,
H. Hemmingsen, Ann. N.Y. Acad. Sci., in
press.

A. R, Williamson and B. A. Asconas, Na-
ture 238, 337 (1972); B. A. Asconas and
A. R. Williamson, ibid., p. 339; G. E.
Roelante and B. A. Asconas, Nature New
Biol. 239, 63 (1972).

23
24

25.

26.
27.

28.
29.

30.

31.

32.

33,

34,

35.
36.

37.
38.

39.

. K. Hartmann, J. Exp. Med. 133, 1325 (1971).
. D. A. Rowley, J. L. Gowans, R. C. Atkins,
W. L. Ford, M. E. Smith, ibid. 136, 499
(1972).

A. J. Cunningham and E. E, Sercarz, Eur.
J. Immunol. 1, 413 (1971); G. F. Mitchell,
E. L. Chan, M. S. Noble, I. L, Weiseman,
R. 1. Mishell, L. A. Herzenberg, J. Exp.
Med. 135, 165 (1972).

K. Okumira and T. Tada, J. Immunol. 107,
1682 (1971).

P. J. Baker, P. W, Stashak, D. F. Amsbaugh,
B. Prescott, R. F. Barth, ibid. 105, 1581
(1970); R. K. Gershon, P. Cohen, R. Hencin,
S. A. Liebhaber, ibid. 108, 586 (1972).

H. Wigzell, J. Exp. Med. 124, 953 (1966);
M. A. Axelrad, ibid. 133, 857 (1971).

C. Henry and N. K. Jerne, ibid. 128,
133 (1968). IgM antibody against SRBC
may enhance responses of mice to suboptimal
doses of the antigen because it increased
antigen localization in the spleen: G. Dennert,
J. Immunol. 106, 951 (1971). However, both
IgG and IgM antibodies only suppress re-
sponses in vitro and rat IgM antibody to
SRBC only suppresses responses of the rat:
W. M. Wason, ibid., in press.

D. A. Rowley and F, W. Fitch, in Regulation
of the Antibody Response, B. Cinader, Ed.
(Thomas, Springfield, Ill, 1968); M. Feld-
man and E. Diener, J. Exp. Med. 131, 247
(1970).

D. A. Rowley, F. W. Fitch, M. A. Axelrad,
C. W. Pierce, Immunology 16, 549 (1969).
R. 1. Mishell and R. W. Dutton, Science
153, 1004 (1966).

D. E. Mosier and L. W. Coppleson, Proc.
Nat. Acad. Sci. U.S.A. 61, 542 (1968); D. E.
Mosier, F. W. Fitch, D. A, Rowley, A. J. S.
Davies, Nature 225, 276 (1970).

H. Cosenza and L. D. Leserman, J. Immunol.
108, 418 (1972); L. D. Leserman, H. Cosenza,
J. M. Roseman, ibid. 109, 587 (1972).

C. W. Pierce, J. Exp. Med. 130, 365 (1969).
M. Potter and M. A. Leon, Science 163, 369
(1968); M. Cohn, G. Notani, S. A. Rice, Im-
munochemistry 6, 111 (1969); M. A. Leon and
N. M. Young, Biochemistry 10, 1425 (1971);
M. Potter and R, Lieberman, J. Exp. Med.
132, 737 (1970).

H. Cosenza and H. Kohler, Science 176, 1027
(1972).

, Proc. Nat. Acad. Sci. U.S.A. 69,
2701 (1972). In collaboration with W. Lee,
J. Scornik, and L. Kluskens, H. Cosenza and
H. Kohler have recently observed the follow-
ing: A PFC response to phosphorylcholine
could be induced in vivo or in vitro by
phosphorylcholine coupled to keyhole limpet
hemocyanin, to fd-bacteriophage coat protein,
or to flagella. The response is equivalent to
that induced by R36A pneumococcal vac-
cine, and it can be completely inhibited by
the antibody to receptor. An indirect radio-
immune precipitation assay shows that idio-
typic determinants of the purified antibody
to phosphoryicholine are identical to the
determinants of the TEPC-15 myeloma pro-
teins. In addition, analysis of the NH,-
terminals of the heavy and the light chains
of purified antibody to phosphorylcholine has
shown that the variable subgroups of these
chains are the same as those of the TEPC-15
myeloma. These findings strongly support the
notion that the response to phosphorylcholine
in BALB/c mice is monoclonal.

We have obtained serums which had no
detectable antibody against the appropriate
antigen but nevertheless specifically suppressed
responses to the antigen. For example, hyper-
immune serums produced against SRBC or
alloantigens were exhaustively absorbed with
the appropriate antigen. The serums against
SRBC still caused profound suppression of
the antibody and delayed hypersensitivity
responses of normal rats to SRBC. The
serums against BN antigen still. enhanced the
survival of BN kidney in Lewis recipients.
Also, we have obtained serums from rats
injected twice weekly for a total of six
injections with washed SRBC-antibody com-
plexes produced in the presence of a great
excess of antibody. Serums from the recipi-
ents of the complexes had no detectable
antibody activity against SRBC and when
the same rats were injected with free SRBC,
their spleen cells showed a very low PFC
response to the antigen. Furthermore, serum
from the rats injected only with the com-
plexes profoundly suppressed responses of
normal rats to SRBC. Finally, T. McKearn,

SCIENCE, VOL. 181



working in our laboratory, has
serum from LBN rats injected with anti-
body from Lewis rats injected with BN
antigen which had been lightly aggregated
with gluteraldehyde, This serum specifically
blocks a mixed lymphocyte interaction be-
tween L and LBN leukocytes, and the block-
ing activity is specifically reduced by absorp-
tion with L spleen cells. This serum also
forms precipitin lines in gel with those
serums from Lewis rats injected with BN
antibody that effectively enhance kidney sur-
vival but not with those that are ineffective.
Although we cannot confirm that the mate-
rial causing suppression in any of these
models is in fact antibody to receptors, in
each case the material was obtained under
conditions which we believe might be ap-
propriate for the formation of antibody to
receptors.

40. H. Ramseier and J. Lindenmann, Transplant.
Rev. 10, 57 (1972). These authors find that
the F, offspring can produce an antibody
to an antibody of parental strain directed
against alloantigens of the other parent. The
antibody produced by the F, offspring func-
tions in a complex assay system as a specif-
ic anti-receptor antibody. Apparently, then,
some B lymphocytes of the F, offspring must
have receptors for alloantigens of one pa-
rental strain while other B lymphocytes have
receptors for alloantigens of the other pa-
rental strain.

41. M. Hasek, A. Lengerovid, M. Vojtiskovi,
Eds. Symposium on Mechanism of Immuno-
logical Tolerance (Publishing House of the
Czechoslovdk Academy of Sciences, Praha,
1962); N. W. Nisbet and M. W. Elves, Eds.,
Immunologic Tolerance to Tissue Antigens
(Orthopaedic Hospital, Oswestry, England,
1971); D. W. Dresser and N. A. Mitchison,
Advan. Immunol. 8, 129 (1968); Symposium
on Immunologic Tolerance to Microbial
Antigens, Ann. N.Y. Acad. Sci. 181 (1971).

42. E. Diener and W. D. Armstrong, J. Exp.
Med. 129, 591 (1969); 1. S. Trowbridge,
E. S. Lenox, R. R. Porter, Nature 228, 1087
(1970).

43. D. Naor and R. Mishell, J. Immunol. 108,
246 (1972).

44. E. Diener and M. Feldman, Cell. Immunol.
5, 130 (1972); M. Feldman, J. Exp. Med.
136, 532 (1972).

prepared

45. J. G. Howard, Ann. N.Y. Acad. Sci. 181, 29
(1971). P. B. Brown, working in our lab-
oratory, has prepared spleen cells from mice
made tolerant to polysaccharide extract of
R36A strain of pneumococcus. The washed
cells, cultured with the pneumococcal anti-
gen, gave as high a PFC response to the
antigen as normal mouse spleen cells.

46. M. A. Axelrad, Immunology 15, 159 (1968).

47. and D. A. Rowley, Science 160, 1465

(1968).

48. F. P. Stuart, T. Saitoh, F. W. Fitch, ibid.,
p. 1463.

49. Z. J. Lucas, J. Markley, M. Travis, Fed.
Proc. 29, 2041 (1970); F. P. Stuart, unpub-
lished observations.

50. F. P. Stuart, F. W. Fitch, D. A. Rowley,
Transplant. Proc. 2, 483 (1970).

51. F. P. Stuart, E. Bastien, A. Holter, F. W.
Fitch, W. L. Elkins, ibid. 3, 461 (1971);
F. P. Stuart, T. Garrick, A. Holter, A.
Lynch, E., Bastien, Surgery 70, 128 (1971);
G. P. Schechter, F. Soehnlen, W. McFarland,
N. Engl. J. Med. 287, 1169 (1972).

52. Antibody actively produced in response to
intravenously injected antigen would have to
be present in blood within a few days, and
cell mediated immunity is demonstrable as
early as 5 to 6 days after sensitization. How-
ever, in repeated attempts we have failed to
suppress cell mediated immunity to SRBC
or to promote renal allograft survival using
1.0 to 5.0 ml of appropriate antiserums ob-
tained 3 to 5 days after a single intravenous
injection of antigen. Also, intravenous injec-
tion of SRBC 3 or 4 days before sensitiza-
tion does not suppress development of cell
mediated immunity to the antigen although
serum antibody is demonstrable at the time
of sensitization. Similarly, intravenous in-
jection of alloantigen 3 to 4 days before
renal transplantation does not prolong graft
survival but in fact causes more rapid rejec-
tion of the graft.

53. S. Strober and J. L. Gowans, J. Exp. Med.
122, 347 (1965); L. Brent and P. B, Medawar,
Brit. Med. Bull. 23, 55 (1967); E. Macher
and M. W. Chase, J. Exp. Med. 129, 81
(1969).

54. B. Larner, Fed. Proc. Abstr. 31, 609 (1972).

55. J. Sprent, J. F. A. P. Miller, G. F. Miller,
Cell. Immunol. 2, 171 (1971).

Information and the
Ecology of Scholars

“What is that very large body with
hundreds and hundreds of legs moving
across the horizon from left to right in
a steady, carefully considered line?”’

“That is the tenured faculty crossing
to the other shore on the plane of the
feasible.”

“And this tentacle here of the Under-
water Life Sciences Department . . .”

“That is not a tentacle but the de-
partment itself.”—DONALD BARTHELME,
“Brain damage” (I).
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As the behavior of biological ecosys-
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as metaphors for human behavior. The
apt and often amusing insights so pro-
duced have seemed, however, to offer
little basis for the serious consideration
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for society. My object is to suggest a
logical basis for the use of ecological
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scientists), who produce, barter, and
structure information as an ecosystem
produces, exchanges, and structures bio-
mass. To go beyond mere analogy,
however suggestive, it will be necessary
to discuss ecosystems as open, dissipa-
tive thermodynamic systems and to
point out the relationship between ma-
terial (thermodynamic) and conceptual
(informational) structuring.

I begin with the common observation
that the orderly structures found every-
where in nature may be classified into
two groups: equilibrium structures, epit-
omized by crystals, and dissipative
structures, epitomized by living cells
(2). Both kinds of order represent
relatively low-entropy states for the
matter of which they are composed,
although both may persist unchanged
for long times. Since only the equilib-
rium structure represents a local free-
energy (or other appropriate potential)
minimum state, only such a state may
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