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Summary. There are many parallels between T cell-mediated suppression of tumor immunity and suppression 
of immune responses to haptens and polypeptides. We propose a cell interaction model which takes this into 
account and outlines a regulatory pathway for suppression of immunity to tumor antigens. Free antigen or 
antigen/antibody complexes trigger an inducer T cell subset, Ts i, which is tumor-specific. This cell activates a 
non-immune T cell population, pre Ts e, to generate effector suppressor cells, Ts e. The Ts e are specific for either 
the idiotype of Ts i or for antigen complexed with a soluble factor made by the Ts i, but the suppression they 
mediate is antigenically nonspecific. Tumor antigen-specific suppressor factors, TsF, play a major role in the 
communication between different suppressor cells. Characterization of polyclonal and monoclonal factors 
produced by Ts i, called TsF i, indicates that they both bind to tumor antigen and contain tumor-specific (idio- 
typic?) determinants. 

Introduction 

The demonstration, almost 15 years ago, that tumor 
immunity can be specifically suppressed by sera of 
tumor-bearing mice provided one of the first exam- 
ples of immunoregulation by soluble factors 
(Hellstr0m et al.37). Numerous explanations were 
proposed to account for this suppression. They in- 
cluded facilitation of tumor growth by 'enhancing 
antibodies' (M611er 55, Voisin 91, KalissS~ as well as 
inhibition of tumor immunity by soluble tumor anti- 
gen (Alexander 1, Brawn 11, Vaage 9~ Baldwin et al.5), 
antigen-antibody complexes (Sj0gren et al. 77, Baldwin 
et al. 4, Gershon et al.25), and T cell-derived factors 
(Nelson et a161, Umiel and Trainin 89, Greene et al.31). 
As work progressed, several of the original hypotheses 
had to be modified, and in 1977 we introduced the 
concept of specific blocking factors (SBF) in an 
attempt to unify the available data (Hellstr0m et a142). 
SBF were defined as antigen-specific factors present 

in sera of tumor-bearing hosts, in soluble extracts of 
tumors, or in supernatants from cultured tumor- 
derived T cells which suppressed the cytostatic poten- 
tial of immune T cells in vitro and/or  enhanced tumor 
growth in vivo. Although the precise relationship 
between tumor antigens (or complexes) and T cell- 
derived immunosuppressive factors was unclear, we 
postulated that the former acted as the proximate 
signal that triggered the latter, which then provided 
the effector signal needed to shut off the immune 

Abbreviations used: 
Ts, suppressor T cell 
TsF, suppressor factor from a Ts 
SBF, specific blocking factor 
TAA, tumor-associated antigen 
Cx, cyclophosphamide 
MHC, major histocompatibility complex 
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response (Hellstrtm et al. 42, Nepom et a167. Nepom65). 
During the past 5 years, it has become apparent that 
tumor-specific suppression by T cells and by T cell- 
derived factors plays an important role in an antigenic 
tumor's escape from immunologic control, analogous 
in may ways to T cell-mediated suppression in gener- 
al. as studied in models of immunity to haptens and 
polypeptides (Tada et al. s2, Pierce and Kapp 73, Ger- 
main and Benacerraf 22. Gershon24). It is now possible 
to construct a more comprehensive model for suppres- 
sion of tumor immunity, in which soluble tumor 
antigen, antigen-antibody complexes, anti-idiotypic 
antibodies and T cell-derived suppressor factors, in- 
terrelate in a common pathway of immune regulation. 
In this review we outline this pathway, and discuss 
some of the major contributions which support it. 
Other recent reviews (Greene 28, Naor 59, Hellstr6m et 
al. 45) provide additional background for portions of 
our hypothesis. We will not discuss here aspects of 
antigen non-specific immunosuppression which also 
occur in association with tumor growth. 

General outline of the model 

Numerous parallels exist between suppression of 
tumor immuniy and the suppressor cell (Ts) network 
as described for immune responses to well-defined 
antigens, such as haptens and polypeptides. This 
implies that an antigenic tumor can 'use', in its escape 
from immunologic control, normal mechanisms of 
immune regulation, and that these may be aberrantly 
activated or inappropriately regulated. By analyzing 
suppression of tumor immunity on the basis of what is 
known about suppression in general, it should be 
possible to identify several critical steps in the regula- 
tory circuit that can be manipulated towards develop- 
ment of  therapy. We shall first outline the general 
principles of a model for suppression of  tumor immu- 
nity and then discuss its individual parts in some 
detail. 
Three different types of Ts can be identified which are 
involved in suppression of tumor immunity (table): 
An initial T cell, called inducer Ts, Ts i, is the prox- 
imate recipient of a signal which emanates from the 
tumor; this signal is specific and is either the tumor 
antigen itself or a soluble immune complex containing 
the antigen. The role of the Ts i is to recruit and/or  
amplify an effector suppressor population, called Ts r 
from non-committed T cells. The latter cells are here 
called pre-Ts e, but they are sometimes also referred to 
as acceptor Ts, Ts a (Cantor and Gershonl3). Commu- 
nication between Ts i and pre-Ts e is crucial for sup- 
pression to occur. Soluble factors, TsF, which can 
mediate this communication have been identified and 
are generated by the Ts i. These factors, to the extent 
studied, are antigen specific and antigen binding, and 
they may carry MHC-encoded determinants. After 
the pre-Ts e has received a recruitment signal in the 
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form of the TsF i, it evolves functionally into an 
effector suppressor cell, Ts e. That cell appears to be 
the final cell which directly inhibits the function of 
immune helper and pre-killer T cells and/or  other 
immune cell types, Since pre-Ts e and Ts e share several 
sUrface markers, it is not clear whether two different 
cellular subsets are involved, with a signal going from 
pre-Ts e to Ts e, or whether the pre-Ts e differentiates 
into Ts e. 
We shall now discuss the various components of the 
model in some detail. 

Induction signal 

Antigen released by the tumor is likely to be the 
primary signal which is needed for activation of the 
suppressor pathway (Alexander l, Vaage 9~ Currie and 
Basham 16, CogginlS), and some oncofetal antigens 
(Castro et a114, Hellstrtm and Hellstr/Sm 39) appear to 
be particularly prone to shut off an effective response 
to themselves. Experimentally, suppression can be 
induced by antigen given in the form of soluble tumor 
extracts, heavily irradiated tumor cells, or immune 
complexes prepared by combining tumor extracts 
with antitumor antibodies (Baldwin et al. 4, Gershon et 
al. 25, Hellstrtm and Hellstrtm 36, Gorcznyski and 
KnightZ7). 
The presence of circulating tumor antigen or antigen 
complexed with antibody has been documented in 
animals and human patients with tumors (Theofilo- 
poulos et al. 86, Hofken et a146, Brandeis et al. 1~ Amlot 
et al. 2, Oldstone 68, Jennette and Feldman 47, Heimer 
and Klein35). Suggestive evidence that both com- 
plexes and free antigen can induce suppression was 
first obtained by Sjtgren et al., who fractionated sera 
from tumor-bearing mice into small (MR < 100,000) 
and large (MR > 100,000 components) and observed 
that the fractions would suppress ('block') tumor 
immune responses in vitro when they were combined, 
or when the smaller fraction was tested alone. The 
larger fraction alone did not suppress. Since antibo- 
dies were present in the larger fraction, the data 
suggested that both antigen and soluble complexes 
could suppress cell-mediated anti-tumor immunity 
while free antibody could not (SjOgren et a1.77). 
Although tumor antigen, alone or as part of an 
immune complex, is sufficient to trigger the genera- 
tion of Ts i (Perry and Greene 7~ Paranjpe et al.69), 
2 experimental manipulations have been described 
which facilitate the ability of tumor antigen to sup- 
press, namely exposure of animals to UV irradiation 
and treatment with anti-Ia serum. Both of these 
manipulations may work via a similar mechanism. 
Kripke's group demonstrated that sarcomas arising in 
UV-irradiated mice could be transferred to other mice 
only when these mice were UV-irradiated (Kripke53). 
This was found to be due to the fact that the UV-sar- 
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comas are highly antigenic and hence rejected by 
untreated mice but that prior UV-irradiation of the 
recipient induces Ts which, after tumor transplanta- 
tion, prevent rejection (Fisher and Kripkel8). One 
possible mechanism for this phenomenon was sug- 
gested by the finding that UV-irradiation selectively 
decreases the number of I-A positive spleen cells 
which can present antigen to carrier-specific T cells 
(Letvin et a154). Thus UV-irradiation may change the 
presentation of antigen so that it bypasses the normal 
Ia-dependent pathways to preferentially trigger the 
activation of Ts i. Consistent with this interpretation is 
the demonstration that injection of an alloantiserum 
to I-A-coded products immediately before tumor 
transplantation could enhance tumor outgrowth 
(Perry et al.71). The serum effect was haplotype and 
subregion specific and probably due to inhibition of 
normal antigen-presenting pathways. Analogous ex- 
amples can be found in non-tumor systems (Drebin et 
a1.17), both in vivo (Sprent 78, Bromberg et al. 12, Rosen- 
baum et al. 76) and in vitro (Berzofsky and Richman9). 
In view of these findings one would expect that the 
route of tumor presentation to the immune system 
will influence the extent to which suppression is 
induced, since intravenous injection of antigen may 
bypass the macrophages and preferentially induce 
suppression (Greene and Bach29). 

Characterh~tics of Ts i and TsU 

Following induction by antigen (or antigen-antibody 
complexes) tumor-specific Ts i activate pre-Ts c into 
generating (or becoming) Ts e. The Ts i make TsF i 
which play a crucial role as activation signals to the 
pre-Ts e. 
There are several characteristic immunologic and 
biologic markers which identify Ts  i. One of their most 
important characteristics is that they are antigen- 
specific (Fujimoto et al. 2~ Takei et al. 83, Asherson and 
Zembala 3) and possess specific antigen receptors at 
their surface (Greene28). The presence of receptors for 
antigen appears as a natural consequence of the Ts i 
being induced by antigen and may distinguish them 
from Ts e. 
Tumor-specific soluble factors, TsF, have been de- 
scribed which selectively bind to unique tumor anti- 
gens, so that their suppressive activity can be removed 
by absorption onto appropriate tumor cells in vitro. 
This was demonstrated initially with affinity-purified 
TsF specific for two different chemically induced 
fibrosarcomas in mice, where the TsF was obtained 
from sera of tumor-bearing animals (Nepom et al.  66,67 

and subsequently with a monoclonal TsF obtained 
from a T cell hybridoma produced by fusing thymo- 
cytes from a tumorbearing animal with BW5147, an 
azaguanine-resistant thymoma (Nelson et al.63). The 
latter factor can suppress tumor destruction by im- 
mune T cells in vitro, enhance tumor outgrowth in 

immune syngeneic mice in vivo and inhibit delayed- 
type hypersensitivity reactions to the tumor 
(Hellstr6m et al.440 Nelson et al.64). Other antigen- 
specific TsF have been decribed, prepared from 
lysates of thymocytes (Greene et al. 31) or from super- 
natants of cultured splenic T cells from mice with 
growing tumors (Nelson et al. 60,61) which are similar 
(identical?) to these antigen-binding factors. It seems 
likely that the activity of Ts i is generated by way of 
such antigen-specific soluble factors, analogous to the 
potent immunosuppressive activity characteristic of 
TsF i which bind antigen and amplify suppression of 
immunity to model antigens, such as the haptens 
ABA, TNP and NP and polypeptides GAT and KLH 
(Tada et al. 82, Pierce and Kapp 73, Germain and 
Benacerraf 22, Greene et al. 34, Moorhead56). 
A 2nd characteristic feature of Ts i and TsF i is that 
both appear to bear determinants that are coded 
within the I-J subregion of H-2. Greene et al. 33 and 
Perry et al. 72 demonstrated that antisera to I-J prod- 
ucts inhibited tumor outgrowth when administered 
intravenously to mice of the appropriate genotype; 
this was consistent with the hypothesis that a popula- 
tion of I-J+ suppressor cells was functionally deleted 
by the antiserum. Further evidence for an I-J determi- 
nant on TsF i was obtained by Koppi et al. 52, who 
reported that soluble TsF i were removed by immu- 
noadsorption on affinity columns containing antibo- 
dies directed to I-J coded determinants. 
A 3rd characteristic of T s  i is that they are resistant to 
low dose irradiation and to cyclophosphamide, a 
finding which provides a practically useful way to 
distinguish them from pre-Ts e. The evidence for this 
comes from several sources. Studying the mechanisms 
by which tumor growth can be enhanced by giving 
tumor antigen, Hellstr6m et al performed cell transfer 
experiments which showed that tumor growth was 
facilitated by a population of antigen-specific splenic 
Ts that are resistant to 400 R (Hellstr6m et al.38.). Rao 
et al. 75 injected mice with complexes of antibodies and 
antigen from L1210 mouse lymphoma cells, and so 
generated Ts which could adoptively suppress tumor 
immunity. These ceils, which were present in the 
spleen and expressed Lyt-1 antigen, were relatively 
resistant to radiation and cyclophosphamide. Precur- 
sors of this mature Ts i, however, were found to be 
cyclophosphamide-sensitive. Mule et al. 57 detected 
Qa-l-positive, cyclophosphamide-resistant T cells in 
the spleens of tumor-bearing mice which functioned 
as 'suppressor activators' when transferred to mice 
challenged with tumor cells and were comparable to 
the Ts i. In sum, the picture emerges of an Lyt 1 + 23-, 
l - J+ ,  Qal+ splenic Ts which, along with its soluble 
product, TsF i, adoptively transfers suppression in a 
tumor-specific fashion. 
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Amplification signal 

Adoptive transfer experiments indicate that the Ts i 
must recruit or amplify a different population of 
T cells, which we call pre-Ts e, for generation of a 
mature suppressor effector cell, Ts e. The signal that 
goes from Ts i to the pre-Ts e is antigen-specific. The 
molecule which mediates this signal, TsF i, may be 
identical to one of the antigen binding factors pre- 
viously identified in sera from tumor-bearing animals 
(Nepom et al.66), in supernatants from T cells cultured 
from the spleens of tumor-bearing mice (Nelson et 
al.61), and in supernatatnts from a T-T hybridoma 
(Nelson et al. 63) obtained by hybridizing thymus cells 
from tumor-bearing mice (see above). Unresolved, 
however, is whether the signal is TsF i alone or 
whether it is a combination of TsF i with tumor 
antigen. In the former case, a receptor on pre-Ts e cells 
would recognize an idiotypic determinant on TsF i, 
while in the latter case it would recognize the antigen 
itself. 
Although anti-idiotypic suppressor T cells have not 
yet been identified in tumor systems, there is ample 
precedent for such cells in hapten models (Greene et 
al.34). Furthermore, Nepom et al. 67 and Koppi et al. 52 
have reported that sera from tumor immune mice 
contain antibodies with unique specificity for antigen- 
specific suppressor (blocking') factors. These observa- 
tions suggest that TsF i may possess idiotypic determi- 
nants which, when mice are repeatedly stimulated 
with tumor antigen, induce the formation of idiotype- 
specific antibodies. Whether the presumed appear- 
ance of anfi-idiotypic antibodies is paralleled by the 
generation of anti-idiotypic T cells is not yet apparent. 
Experimental verification of this hypothesis would be 
a significant advance relating concepts of regulatory 
networks (Jerne 48) to understanding tumor immunity. 
An alternative hypothesis to the proposal that TsF i 
acts as an idiotypic factor is that TsF i associates with 
tumor antigen by virtue of its antigen specificity, and 
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functions by presenting antigen to the pre-Tse; in this 
case, the pre-Ts e would have anti-antigen specificity. 
There is precedent also for the latter model, in that 
suppressor circuits specific for the polypeptides GAT 
and GT appear to be mediated by a TsF i which 
induces Ts e only if complexed with antigen (Kapp 
and Araneo 51, Germain et al.23). In that case, as for 
TsF suppressing immunity to KLH (Tada and Oku- 
mua81), an antigenic stimulus is required for the 
generation of Ts e, while such a stimulus is not needed 
in hapten systems, where idiotypic TsF i is a sufficient 
stimulus (Sy et al.8~ 

Characteristics of  pre-Ts e and Ts e 

Many investigators have described a population of 
T cells that is both radiosensitive and cyclophospha- 
mide sensitive and that is needed for suppression to 
occur. It can be detected in mice transplanted with 
tumor cells, alone or together with Ts i (Hellstr6m et 
al. 38,73, Rao et al. 75, Tilkin et a187, Glaser and Law 26, 
Green et a1.32), and it is present also in thymus and 
spleen from non-immune donors (Hellstr6m et al.38). 
Rao et al. 75 have reported that the cell acting as 
recipient of the Ts i signal is Lyt-1 + 23 + .  
The effector cell mediating suppression, Ts e, is dif- 
ferent from the pre-Ts e in that it appears to be 
Lyt-l-23 + (Mule et al.59). It is not clear whether the 
Ts e is a differentiation product from pre-Ts e or wheth- 
er it belongs to a separate subset (Cantor and Ger- 
s h o n l 3 ) .  

Although the Ts e is triggered by an antigen-specific 
signal, its suppressive activity is non-specific. This has 
been demonstrated both in vivo and in vitro. In vivo, 
Hellstr6m et al. 38 found that the rejection of a chemi- 
cally induced sarcoma which expresses a unique 
tumor-specific transplantation antigen was suppressed 
not only by Ts e specific for the same sarcoma but also 
by Ts e specific for antigens of an unrelated sarcoma, if 

Suppressor cell subsets in the tumor immune interaction model 

Cell designation Synonyms Induction signal Specificity Ia marker Cx Irradiation Lyt TsF 

Ts i TSl Antigen (tumor Tumor I-J + Resistant Resistant 1 + TsF i 
or extract) antigen 

Ts afferent 

Ts activator 

Ts inducer 

Ts2 

Ts acceptor ? Sensitive Sensitive 1 + 23 + ? 

Ts3 ? ? ? 1 - 2 + ? 

Ts effector 

Pre-Ts e 

Antigen/antibody 
complex 

Ts e TsF i_  antigen Acts 
non-specifically 

Activated 
specifically 
?idiotype/?antigen 
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these were activated by their appropriate Ts i signals. 
In a similar system, Mule et al. 57 found that the 
development of  mature Ts e required antigen-specific 
triggering, while the resulting suppression was no 
longer restricted to a unique tumor specific transplan- 
tation antigen. Analogous observations have been 
made in vitro, since Bean et al. found that lympho- 
cytes from tumor-bearing patients can be triggered to 
suppress responses to third-party antigens by expo- 
sure to cells from the patient's own tumor as an 
antigen-specific induction signal (Bean et al.8). In 
non-tumor systems, there is precedent for antigen- 
specific triggering followed by antigen-nonspecific 
suppression, as shown for allogeneic responses (Truit 
et al.88), as well as for carrier-specific (Taniguchi and 
Tokuhisa s4) and hapten-specific (Sy et al. 79) re- 
sponses. 
One unresolved question concerning Ts specificity is 
the nature of the antigenic determinant on the tumor 
cell which acts as an activation signal. Is this determi- 
nant the same as tumor-associated antigens (TAA) 
which act as targets for cytotoxic T cells or is it a 
separate 'suppressor' determinant? In most cases, 
TAA defined by rejection of syngeneic tumor grafts 
are individually unique among chemically induced 
sarcomas in mice (Prehn and Main74). The specificity 
of suppression mediated by purified soluble TsF i has 
also been shown to be tumor specific and correlates 
with the specific TAA (Nepom et al.67). However, 
even in cases where the targets of cytotoxic lympho- 
cytes are not unique for each tumor, the suppressor 
phenomenon seems to be more specific and able to 
discriminate between apparently cross-reactive 
tumors both in vivo, (Greene and Perry 3~ and in vitro 
(Fujimoto et al.21). This implies that the Ts recogni- 
tion site may differ from other immune T cell antigen 
receptors and therefore that the TAA recognition by 
these two T cell subsets may differ. 

Predictions of the model 

One of the rationales for constructing a model for 
T cell suppression of tumor immunity is to use the 
model to suggest ways to manipulate the immune 
response in favor of the tumor-bearing host. As 
discussed, some experimental manipulations, includ- 
ing irradiation with UV light and injection of anti-Ia 
antisera, facilitate the induction of suppression. Other 
manipulations, such as whole body X-irradiation or 
treatment with cyclophosphamide, inhibit subsequent 
amplification steps generating suppression and can, 
under certain circumstances, inhibit tumor growth 
and even induce regressions (Hellstrtim et al.43), 
On the basis of the evidence that circulating antigen 
(and complexes) induce suppression, immunotherapy 
has been designed which is geared toward removing 
the circulating induction signal. In most cases, this 
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therapy has been based on the ability of protein A 
adsorbants to remove antigen that is complexed with 
antibody. Such therapy has been effective in certain 
clinical situations (Bansal et al. 7, Terman et al.85), 
most strikingly in cats with FeLV-induced leukemias 
(Jones et al.49). Although there still are questions 
regarding its efficacy, a possible explanation is that 
protein A adsorption leads to the removal of antigen, 
that is, of the induction signal for suppression. Alter- 
native interpretations include the removal of TsF as 
well as direct effects of protein A on the host 
(Hellstr/Sm and Hellstrrm41). 
Since Ts i can recruit (or amplify) a suppressor cell 
population from nonimmune pre-Ts e cells, a possible 
target for experimental manipulation is to abrogate 
this recruitment (amplification). It seems likely that 
the early efforts at immunotherapy using 'unblocking 
sera', i.e., sera which abrogated the suppressive 
(blocking) activity of sera from tumor-bearing ani- 
mals (Bansal and Sjrgren6), when effective, interfered 
with this step, since 'unblocking' sera contain anti- 
bodies to circulating suppressor ('blocking') factors 
(Nepom et al. 67, Koppi52). Promising strategies to 
extend this type of experimentation will include the 
development of monoclonal antibodies to TsF deter- 
minants for potential therapeutic intervention. The 
use of anti-I-J antisera probably also interferes with 
this amplification step (Greene et al. 33, Perry et al. 72, 
Koppi et al.52). 
One prediction of the model is that communication 
between interacting cells may be geneticall2( restricted 
so that, for example, the signal from Ts I to Ts e is 
restricted across histocompatibility or allotype bar- 
riers. We are presently looking for such restriction, 
since it could identify communication events subject 
to other types of manipulation. 
Another experimental approach suggested by the 
model is based on the possibility that some antigen- 
specific signals among Ts involve idiotype-antiidio- 
type interactions. If  an idiotypic network does regu- 
late Ts amplification, then manipulation by methods 
such as priming with anti-idiotypic antibodies may be 
useful. Tilken et al. s7 have reported use of an antisera 
to enhance tumor immunity which was raised against 
putative T cell anti-tumor receptors found on blastic 
T cells, although Flood et al. 19 found that a similar 
putative anti-idiotypic antiserum suppressed tumor 
rejection. Clearly, further definition of precise idio- 
typic and anti-idiotypic markers on T subsets is 
needed to design appropriate strategies for interven- 
tion. Further modifications of the model which we 
have outlined await the development of an intact 
network of cloned cells allowing more precise investi- 
gation. It should be possible to develop such a net- 
work with the advent of cell cloning techniques as 
exemplified by the recently reported T cell hybridoma 
which forms a tumor-specific TsF, as discussed above. 



240 

Acknowledgments. The authors' research was supported by 
grants RD-154 and IM 43N from the American Cancer Society 
and grant CA 19148 from the National Institutes of Health. 
We thank Ms. Phyllis Harps for preparation of the manuscript. 

1 Alexander. P ,  Fetal antigens in cancer. Nature 235 (1972) 
137-140. 

2 Amlot. P.L.. Pussel. B.. Slaney, J.M.. and Williams. B.D.. 
Correlation between immune complexes and prognostic fac- 
tors in Hodgkin's disease, Clin. exp. lmmun. 31 (1978) 
166-173. 

3 Asherson. G.. and Zembala. M.. Suppressor T-cells in cell- 
mediated immunity. Br. med. Bull. 32 (1976) 158-164. 

4 Baldwin. R.W.. Price. M.R.. and Robins. R.A.. Blocking of 
lymphocyte-mediated cytotoxicity for rat hepatoma cells by 
tumor-specific antigen-antibody complexes. Nature New Biol. 
238 (1972) 185-187. 

5 Baldwin�9 R.W.. Price. M.R.. and Robins. R.A.. Inhibition of 
hepatoma-immune lymph node cell cytotoxicity by tumor- 
bearer serum, and solubilized hepatoma antigen. Int. J. Cancer 
11 (1973) 527-535. 

6 Bansal. S.. and Sjtgren. H.. Regression of polymoma tumor 
metastasis by combined unblocking and BCG treatment - 
correlation with induced alterations of tumor immunity status. 
Int. J. Cancer 12 (1973) 179-193. 

7 Bansak S.C.. Bansal. B.R.. Thomas. H.L.. Siegel, P.D.. 
Shoads. J.E.. Cooper, D.R.. Terman. D.S.. and Mark. R.. Ex 
vivo removal of serum IgG in a patient with colon carcinoma. 
Cancer 42 (1978) 1-18. 

8 Bean. M.A.. Akiyama. M.. Kodera. Y.. Dupont. B.. and 
Hansen. J.A.. Human blood T lymphocytes that suppress the 
mixed leukocyte culture reactivity of lymphocytes from 
HLA-B14-bearing individuals. J. Immun. 123 (1979) 
1610-1614. 

9 Berzofsky, J.. and Richman. L., Genetic control of the immune 
response to myoglobin. IV. Inhibition of determinant-specific 
Ir gene controlled antigen presentation and induction of sup- 
pression by pretreatment with anti-Ia antibodies. J. Immun. 
126 (1981) 1898-1904. 

10 Brandeis. W.E.. Nelson. L.  Wang, Y.. Good. R.A.. and Day, 
N.K.. Circulating immune complexes in sera of children with 
neuroblastoma. J. clin. Invest. 62 (1978) 1201-1209. 

11 Brawn. R.J.. Evidence for association of embryonic antigens 
with several methylcholanthrene-induced sarcomas, in: 
Proceedings of the 1st Conference and Workshop qn Em- 
bryonic and Fetal Antigens in Cancer, pp 143-150. Eds N. An- 
derson and J. Coggin. Oak Ridge. Tenn. 1971. 

12 Bromberg, J.. Nepom, J.T.. Benacerraf, B.. and Greene, M.. 
Hapten coupled monoclonal anti-I-A antibodies provide a first 
signal for the induction of suppression. J. immun. 128 (1982) 
834-837. 

13 Cantor, H., and Gershon, R.K., Immunological circuits: cellu- 
lar composition. Fedn Proc. 38 (1979) 2058-2064. 

14 Castro, J.E., Hunt, R., Lance, E.M., and Medawar, P.B., 
Implication of the fetal antigen theory for fetal transplantation. 
Cancer Res. 34 (1974) 2055-2060. 

15 Coggin, Jr, J.H., Ambrose, K.R., Dierlam, P.J., and Ander- 
son, N.G., Proposed mechanisms by which autochthonous 
neoplasms escape immune rejection. Cancer Res. 34 (1974) 
2092-2101. 

16 Currie, G., and Basham, C., Serum mediated inhibition of the 
immunological reactions of the patient to his own tumor: A 
possible role for circulating antigen. Br. J. Cancer 26 (1972) 
427-438. 

17 Drebin, J., Perry, L., Bromberg, J., Nepom, J., Benacerraf, B., 
and Greene, M., The effects of antisera directed at I-region 
gene products on syngeneic tumor immunity, in: Immunoche- 
motherapy, pp.99-108. Ed. U. Nydegger. Academic Press, 
New York 1981. 

18 Fisher, M., and Kripke, M., Suppressor T lymphocytes control 
the development of primary skin cancers in ultraviolet-irra- 
diated mice. Science 216 (1982) 1133-1134. 

19 Flood, P., Kripke, M., Rowley, D., and Scheiber, H., Suppres- 
sion of tumor rejection by autologous anti-idiotypic immunity. 
Proc. natt Acad. Sci. USA 77 (1980) 2209-2213. 

20 Fujimoto, S., Greene, M., and Sehon, A., Regulation of the 
immune response to tumor antigens. IL The nature of immu- 
nosuppressor cells in tumorbearing hosts. J. Immun. 116 
(1976) 800-806. 

Experientia 39 11983~. Birkh~iuser Verlag, CH-4010 Basel/Switzerland 

21 Fujimoto. S.. Matsuzawa. T.. Nakagawa. K.. and Tada. T.. 
Cellular interactions between cytotoxic and suppressor T cells 
against syngeneic tumors in the mouse. Cell. Immun. 38 (1978) 
378-387. 

22 Germain. R.. and Benacerraf. B.. Helper and suppressor T cell 
factors. Springer Semin. Immunopath. 3 (1980) 93-127. 

23 Germain. R.. Theze. J.. Kapp, J.A.. and Benacerraf. B.. 
Antigen-specific T cell-mediated suppression. I. Induction of 
GAT specific suppressor T cells in vitro requires both antigen- 
specific T cell suppressor factor and antigen. J. exp. Med. 147 
(1978) 123-136. 

24 Gershon. R.K.. T cell control of antibody production, in: 
Contemp. Topics in Immunobiol.. pp. 1-40. Eds M.D. Cooper 
and N.L. Warner. Plenum Press. New York 1974. 

25 Gershon. R.K.. Mokyr, M.B.. and Mitchell. M.S.. Activation 
of suppressor T cells by tumor cells and specific antibody. 
Nature 250 (1974) 594-596. 

26 Glaser. M.. and Law. M.. T-T cell collaboration in rejection of 
a syngeneic SV-40-induced sarcomas in mice. Nature 273 
(1978) 385-387. 

27 Gorczynski. R.. and Knight, R.. Immunity to murine sarcomas 
vtrus induced tumors. IV. Direct cellular cytolysis of 51Cr- 
labelled target cells in vitro and analysis of blocking factors 
which modulate cytotoxicity. Br. J. Cancer 31 (1975) 387-404. 

28 Greene. M.I.. The genetic and cellular basis for regulation of 
the immune response to tumor anngens, in: Contemp. Topics 
in Immunobiol.. vol. 11. pp. 81-116. Ed. N.L. Warner. Plenum 
Press. New York 1980. 

29 Greene. M.. and Bach. B.. Hypothesis: The physiological 
regulation of immunity - differential regulatory contributions 
of peripheral and control lymphoid compartments. Cell. lm- 
mun. 45 (1979) 446-451. 

30 Greene. M.I.. and Perry, L.L.. Differential specificities of 
suppressor T cells or their products and effector T cells. J. 
lmmun. 121 (1978) 2363-2366. 

31 Greene. M.. Fujimoto. S.. and Sehon. A.. Regulation of the 
immune response to tumor antigens. III. Characterization of 
thymic suppressor factor(s) produced by tumor-bearing hosts. 
J. Immun. 119 (1977) 757-764. 

32 Greene. M.. Perry, L.. and Benacerraf. B.. Regulation of the 
immune response to tumor antigen. V. Modulation of suppres- 
sor T cell activity in vivo. Am. J. Path. 95 ~ 1979) 159-169. 

33 Greene. M.. Dorf. M.. Pierres. M.. and Benacerraf. B.. Reduc- 
tion of syngenelc tumor growth by an anti-IJ-alloantiserum. 
Proc. natl Acad. Sci. USA 74 (1977) 5118-5121. 

34 Greene. M.. Sy, M.-S.. Nisonoff. A.. and Benacerraf. B.. The 
genetic and cellular basis of antigen and receptor stimulated 
regulation. Molec. Immun. 17 (1980) 857-866. 

35 Heimer, R., and Klein, G., Circulating immune complexes in 
sera of patients with Burkitt's lymphoma. Int. J. Cancer 18 
(1976) 310-316. 

36 Hellstrtm, I., and Hellstrtm, K.E., Cell-mediated suppression 
of tumor immunity has a nonspecific component. Int. J. 
Cancer 27 ( 1981 ) 481-485. 

37 Hellstr6m, I., Hellstrtm, K.E., Evans, C., Heppner, G., Pierce, 
G., and Yang, J., Serum mediated protection of neoplastic 
cells from inhibition by lymphocytes immune to their tumor 
specific antigens. Proc. natl Acad. Sci. USA 62 (1969) 362-369. 

38 Hellstrtm, I., Hellstrtm, K.E., and Bernstein, I.D., Tumor- 
enhancing suppressor activator T ceils in spleens and thymuses 
of tumor immune mice. Proc. natl Acad. Sci. USA 76 (1979) 
5294-5298. 

39 Hellstrtm, K.E., and Hellstrtm, I., Studies on the mechanism 
of tumor immunity: Some recent data on cellular immunity to 
common, possibly embryonic antigens in mouse sarcomas, in: 
Fundamental Aspects of Neoplasia, pp. 89-99. Ed. A.A. Gotte- 
leib. Springer, New York 1975. 

40 HeUstrtm, K.E., and Hellstrtm, I., Evidence that tumor anti- 
gens enhance tumor growth in vivo by interacting with a 
radiosensitive (suppressor?) cell population. Proc. natl Acad. 
Sci. USA 75 (1978) 436-440. 

41 Hellstrtm, K.E., and Hellstrtm, I., Does perfusion with treat- 
ed plasma cure cancer? New Engl. J. Med. 305 (1981) 
1215-1216. 

42 Hellstrtm, K.E., Hellstrtm, I., and Nepom, J.T., Specific 
blocking factors - Are they important? Biochim. biophys. Acta 
473 (1977) 121-148. 

43 Hellstrtm, K.E., Hellstrtm, I,, Kant, J., and Tamerius, J., 
Regression and inhibition of sarcoma growth by interference 



Experientia 39 (1983), Birkhfiuser Verlag, CH-4010 Basel/Switzerland 

with a radiosensitive T cell population. J. exp. Med. 148 (1978) 
79%804. 

44 Hellstr6m, K.E., Nelson, K., Cory, J., Forstrom J., and 
Hellstr6m, I., A tumor-specific suppressor factor produced by 
a murine T cell hybridoma, in: Hybridoma in Cancer Diagno- 
sis and Treatment, pp.47-50. Eds M. Mitchell and H. Oettgen. 
Raven Press, New York 1982. 

45 HellstrOm, K.E., HellstrOm, I., and Nelson, K., Antigen specif- 
ic suppressor (blocking) factors in tumor immunity, in Patho- 
logicae Membranes. Ed. A. Nowotny. Plenum Press, New 
York 1982, in press. 

46 Hofken, H., Meredith, I.D., Robins, R.A., Baldwin, R.W., 
Davies, C.J., and Blamey, R.W., Lancet 1 (1978) 672-673. 

47 Jennette, J.C., and Feldman, J.D., Sequential quantitation of 
circulating immune complexes in syngeneic and allogeneic rats 
bearing Moloney sarcomas. J. Immun. 118 (1977) 2269 2274. 

48 Jerne, N., Towards a network theory of the immune system. 
Ann. Immun. (Inst. Pasteur) 125C (1974) 373-389. 

49 Jones, F.R., Yoshida, L.H., Ladiges, W.C., and Kenny, M.A., 
Treatment of feline leukemia and reversal of FeLV by ex vivo 
removal of IgG: A preliminary report. Cancer 46 (1980) 
675-684. 

50 Kaliss, N., Immunological enhancement of tumor homografts 
in mice. Cancer Res. 18 (1958) 992 1003. 

51 Kapp, L, and Araneo, B., Antigen-specific suppressor T cell 
interactions. I. Induction of an MHC-restricted suppressor 
factor specific for L-glutamic acid-l-tyrosine. J. Immun. 128 
(1982) 2447-2452. 

52 Koppi, T.A., Halliday, W., and McKenzie, I. F. C., Regulation 
of cell-mediated immunologic reactivity to Moloney murine 
sarcoma virus-induced tumors. II. Nature of blocking and 
unblocking factors in serum. J. natl Cancer Inst. 66 (1981) 
1097 1102. 

53 Kripke, M,, Immunologic mechanisms in UV radiation carci- 
nogenesis. Adv. Cancer Res. 34 (1981) 69-106. 

54 Letvin, N., Nepom, J.T., Greene, M., Benacerraf, B., and 
Germain, R., Loss of Ia-bearing splenic adherent cells after 
whole body ultraviolet irradiation. J. Immun. 125 (1980) 
2550-2554�9 

55 M611er, G., Effect of tumor growth in syngeneic recipients of 
antibodies against tumor specific antigens in methylcholanth- 
rene-induced mouse sarcomas�9 Nature 204 (1964) 846-847. 

56 Moorhead, J., Tolerance and contract sensitivity to DNFB in 
mice. VI. Inhibition of afferent sensitivity by suppressor T cells 
in adoptive tolerance. J. Immun. 117 (1976) 802-806. 

57 Mul6, J., Forstrom, J., George, E., Hellstr6m, I., and 
Hellstr6m, K.E., Production of T-cell lines with inhibitory or 
stimulatory activity against syngeneic tumor in vivo. J. Int. 
Cancer 28 (1981) 611-614. 

58 Mul6, J.J., Stanton, T.H., Hellstr6m, I., and Hellstr6m, K.E., 
Suppressor pathways in tumor immunity: A requirement for 
Qa-1 positive tumor-bearer spleen T cells in suppression of the 
afferent immune response to tumor antigens. Int. J. Cancer 28 
(1981) 353 359. 

59 Naor, D., Suppressor cells: permitters and promotors of malig- 
nancy? in: Adv. Cancer Res., vol.29, pp.45-125. Eds G. Klein 
and S. Weinhouse. Academic Press, New York 1979. 

60 Nelson, K., Pollack, S.B., and Hellstr6m, K.E., Specific anti- 
tumor responses by cultured immune spleen cells. I. In vitro 
culture method and initial characterization of factors which 
block immune cell-mediated cytotoxicity in vitro. Int. J. 
Cancer 15 (1975) 806-814. 

61 Nelson, K., Pollack, S.B., and Hellstr6m, K.E., Specific anti- 
tumor responses by cultured immune spleen cells: III. Further 
characterization of cells which synthesize factors with blocking 
and antiserum dependent cellular cytotoxic (ADC) activities. 
Int. J. Cancer 16 (1975) 539-549. 

62 Nelson, K., Pollack, S.B., and Hellstr6m, K.E., In vitro 
synthesis of tumor-specific factors with blocking and antibody- 
dependent cellular cytotoxicity (ADC) activities. Int. J. Cancer 
16 (1975) 932-941. 

63 Nelson, K., Cory, J., Hellstr~Sm, I., and Hellstr6m, K.E., T-T 
hybridoma product specifically suppresses tumor immunity. 
Proc. natl Acad. Sci. USA 77 (1980) 2866-2870. 

64 Nelson, K., Forstrom, J., Cory, J., Hellstr6m, K.E., and 
Hellstr0m, I., 1982, submitted for publication. 

65 Nepom, J.T., Serum blocking factors - purification and prop- 
erties. Ph .D.  thesis, Department of Biochemistry, University 
of Washington, Seattle 1977. 

241 

66 Nepom, J.T., Hellstr6m, I., and Hellstr6m, K.E., Purification 
and partial characterization of a tumor-specific blocking factOr 
from sera of mice with growing chemically induced sarcomas. 
J. Immun. 117(1976) 1846-1852. 

67 Nepom, J.T., Hellstr6m, I., and Hellstr6m, K.E., Antigen- 
specific purification of blocking factors from sera of mice with 
chemically induced tumors. Proc. natl Acad. Sci. USA 74 
(1977) 4605-4609. 

68 Oldstone, M.B.A., Immune complexes in cancer: demonstra- 
tion of complexes in mice bearing neuroblastoma cells. J. natl 
Cancer Inst. 54 (1975) 223-226. 

69 Paranjpe, M.S., Boone, C.W., and Takeichi, N., Specific 
paralysis of the antitumor cellular immune response produced 
by growing tumors studied with a radioisotope footpad assay. 
Ann. N.Y. Acad. Sci. 276 (1976) 254-259. 

70 Perry, L.L., and Greene, M.I., T cell subset interactions in the 
regulation of syngeneic tumor immunity. Fedn Proc. 40 (1981) 
39-44. 

71 Perry, L., Dorf, M., Benacerraf, B., and Greene, M., Regula- 
tion of the immune response to tumor antigen. VII. Interfer- 
ence with snygeneic tumor immunity by anti-I-A alloantisera. 
Proc. natl Acad. Sci. USA 76 (1979) 920-924. 

72 Perry, L., Kripke, M., Benacerraf, B., Dorf, M., and Greene, 
M., Regulation of the immune response to tumor antigen. 
VIII. The effects of host specific anti-I-J antibodies on the 
immune response to tumors of different antigens. Cell. Im- 
mun. 15 (1980) 349-359. 

73 Pierce, C., and Kapp, J., Regulation of immune responses by 
suppressor T cells, in: Contemp. Topics in Immunobiol., vo. 5, 
pp. 91-143. Ed. W. Weigle. Plenum Press, New York 1976. 

74 Prehn, R., and Main, D., Immunity to methylcholanthrene 
induced sarcomas. J. natl Cancer Inst. 18 (1957) 768-778. 

75 Rao, V.S., Bennett, J.A., Shen, F.W., Gershon, R.K., and 
Mitchell, M.S., Antigen-antibody complexes generate Lyt 1 
inducers of suppressor cells. J. Immun. 125 (1980) 63-67. 

76 Rosenbaum, J., Adelman, N., and McDevitt, H., In vivo 
effects of antibodies to immune response gene products. I. 
Haplotype specific suppression of humoral immune responses 
with a monoclonal anti-I-A. J. exp. Med. 154 (1981) 
1694-1702. 

77 Sj6gren, H.O., Hellstr6m, l., Bansal, S.C., and Hellstr6m, 
K.E., Suggestive evidence that the 'blocking antibodies' of 
tumor-bearing individuals may be antigen-antibody com- 
plexes. Proc. natl Acad. Sci. USA 68 (1971) 1372 1375. 

78 Sprent, J., Effects of blocking helper T cell induction in vivo 
with anti-la antibodies. J. exp. Med. 152 (1980) 996-1010. 

79 Sy, M.-S., Miller, S.D., Moorhead, J.W., and Claman, H.N., 
Active suppression of DNFB immune T cells. Requirement of 
an auxiliary T cell induced by antigen. ]. exp. Med. 149 (1979) 
1197-1207. 

80 Sy, M.-S., Dietz, M., Germain, R., Benacerraf, B., and Greene, 
M., Antigen and receptor driven regulatory mechanisms. IV. 
ldiotype bearing I-J + suppressor T cell factors induce second 
order suppressor T cells which express anti-idiotypic receptors. 
J. exp. Med. 151 (1980) 1183-1195. 

81 Tada, T., and Okumura, K., The role of antigen-specific T cell 
factors in the immune response. Adv. Immun. 28 (1980) 1-87. 

82 Tada, T., Taniguichi, M., and Takemori, T., Properties of 
primed suppressor T cells and their products�9 Transplant. Rev. 
26 (1975) 106-129. 

83 Takei, P., Levy, J., and Kilburn, D., In vitro induction of 
cytotoxicity against syngeneic mastocytoma and its suppression 
by spleen and thymus cells from tumor-bearing mice. J. 
Immun. 116 (1976) 288-293. 

84 Taniguchi, M., and Tokuhisa, T., Cellular consequences in the 
suppression of antibody response by the antigen-specific T cell 
factor. J. exp. Med. 151 (1980) 517-527. 

85 Terman, D.S., Yamamoto, T., Mattioli, M., Cook, G., Till- 
quist, R., Henry, J., Poser, R., and Daskal, Y., Extensive 
necrosis of spontaneous canine mammary adenocarcinoma 
after extracoporeal perfusion over Staphylococcus aureus 
Cowan I. J. Immun. 124 (1980) 795-805. 

86 Theofilopoulos, A.N., Andrews, B.S., Urist, M.M., Morton, 
D.L., and Dixon, F.J., The nature of immune complexes in 
human cancer sera. J. Immun. 119 (1977) 657-663. 

87 Tilkin, A.F., Schaaf-Lafontaine, N., VanAcker, A., Boccador, 
M., and Urbain, J., Reduced tumor growth after low dose 
irradiation or immunization against blastic suppressor T cells. 
Proc. natl Acad. Sci. USA 78 (1981) 1809-1812. 



242 Experientia 39 (1983), Birkh~iuser Verlag, CH-4010 Basel/Switzerland 

88 Truit, G.A., Rich, R.R., and Rich, S.S., Suppression of 
cytotoxic lymphocyte responses in vitro by soluble products of 
alloantigen-activated spleen cells. J. Immun. 121 (1978) 
1045-1051. 

89 Umiel, T., and Trainin, N., Immunological enhancement of 
tumor growth by syngeneic thymus-derived lymphocytes. 
Transplantation 18 (1974) 244-250. 

90 Vaage, J., Specific desensitization of resistance against a synge- 
neic methylcholanthrene-induced sarcoma in C3HF mice. 
Cancer Res. 32 (1974) 193-199. 

91 Voisin, G., Immunological facilitation, a broadening of the 
concept of the enhancement phenomenon. Prog. Allergy 15 
(1971) 328-485. 

0014-4754/83/030235-0851.50 + 0.20/0 
�9 Verlag Basel, 1983 

The locus coeruleus: actions of psychoactive drugs 

H.-R. Olpe, R. S. G. Jones and M.W. Steinmann 

Biology Research Laboratories, Pharmaceuticals Division, Ciba-Geigy Ltd, CH-4002 Basel (Switzerland), 
July 7, 1982 

Summary. The locus coeruleus is one of the most thoroughly investigated mammalian brain areas. Its fibers 
innervate large parts of the neuraxis, in particular, areas involved in cognitive functions such as the cortex and 
the hippocampus. A role of locus coeruleus has been proposed in such processes as memory, the control of 
vigilance, blood pressure and others. Results obtained in this and other laboratories demonstrate that the firing 
rate of locus coeruleus neurons is affected by a great number of psychoactive agents such as antidepressants, 
minor tranquillizers, neuroleptics, psychostimulants and certain psychogeriatric drugs. We have attempted to 
correlate the data obtained on the cell bodies of locus coeruleus with studies reporting effects on terminal areas 
and thereby gain an overall view of the action of the above mentioned drugs on this cell system. The activity of 
noradrenergic neurons in locus coeruleus is thought to correlate with the level of cortical vigilance. Special 
emphasis is placed on the finding that a number of drugs which exert a positive effect on cognitive functions in 
man and animals increase the firing rate of the rat locus coeruleus neurons. 

Introduction 

Since the discovery of noradrenaline in the locus 
coeruleus (LC) this group of neurons has received 
ever increasing attention by neurobiologists. Today 
the noradrenaline-containing LC-system is undoubt- 
edly one of the best documented neuronal systems in 
the brain. The number of functions which have been 
proposed and the knowledge of the biological proper- 
ties of this system which has been acquired in the past 
5-10 years have grown enormously. 
The proposed functions of LC encompass such diverse 
processes as memory and learning 2, attention 38,4~ 
the sleep-wakefulness cycle 33, extinction 39 and others. 
In the past 2 years research has focussed again on the 
theory which states that this cell group is involved in 
the regulation of vigilance and attention 25,32,33,36'41. 
Support for this notion has come from several lines of 
research. In single cell recording studies performed in 
freely-moving rats and monkeys it has been shown 
that the activity of LC-neurons correlates with the 
level of vigilance 4,12,22,3~ Highest levels of cellular 
activity were seen during wakefulness and lower firing 
rates were observed when the animals were drowsy or 
in slow-wave sleep. LC-neurons were activated by a 

variety of sensory stimuli 5 and changes in electrocorti- 
cal activity were anticipated by changes in LC-neuro- 
nal firing activity 4,5. The relationship between LC- 
neuronal activity and vigilance points to a link be- 
tween arousal and the release of noradrenaline. Be- 
havioral and electrophysiological evidence supports 
the argument that LC plays a role in attention 41. In 
electrophysiological studies it has recently been shown 
that noradrenaline may facilitate the transfer of af- 
ferent information within the cerebral and cerebellar 
cortical circuitry by enhancement of the 'signal-to- 
noise' ratio 57,58. Thus the LC-system may serve as a 
kind of 'filter' which separates behaviorally relevant 
from irrelevant, distracting signals and in this way 
augments and focusses attention. Further evidence for 
a role of the central noradrenergic systems in the 
control of arousal comes indirectly from pharmaco- 
logical studies. The 'classical' catecholamine hypothe- 
sis of depression is based on the assumption that 
noradrenergic neurotransmission is linked with mood 
and behavioral alertness. The known noradrenaline 
potentiating property of classical antidepressants and 
of amphetamine is in keeping with this notion. In- 
terestingly, classical antidepressants 42,4s and amphet- 
amine 27 depress the spontaneous firing of noradrener- 


