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Introduetion 

The concept of immunomodulation as an adjunct to 
cancer therapy is based on ample evidence that a variety 
of agents augment the immune reaction to unrelated an- 
tigens in experimental animals and increase their resis- 
tance to tumors. The ever-growing list of such agents 
includes viruses, bacteria, fungi, and their products 
(Ciba Foundation Symposium, 1973). Following the 
pioneering work of Math6 with BCG (Math~, 1971), in- 
vestigators have been very active in this field in recent 
years (Chedid et al., 1973; Lamensans et al., 1975; La- 
moureux et al., 1976; Laucius et al., 1974; Leclerc et al., 
1976; Mastrangelo et al., 1976; Old et al., 1959; Weiss 
et al., 1961; Zbar et al., 1970). Most, if not all of these 
studies, have been done with viable or killed microor- 
ganisms (Hersch et al., 1976; Israel, 1976; Pouillart et 
al., 1976), cell walls (Chedid et al., 1973; Gray et al., 
1975; Yamamura et al., 1976a; Zbar et al., 1972), or 
very complex fractions such as raethanol extract residue 
(MER) (Perloff et al., 1977; Yron et al., 1973) or inter- 
phase material (IPM) (Lamensans et al., 1975). 

Some organisms such as BCG and Corynebacterium 

parvum have been shown to be dramatically effective in 
certain experimental models, but investigators are well 
aware of the fact that they contain a great variety of 
heterogenous antigens, some of which might cross-react 
with host tissues (Borsos and Rapp, 1973; Bucana and 
Hanna, 1974; Vandenbark et al., 1975). They are also 
endowed with undesirable pharmacologic side effects 
(Werner et al., 1977). Consequently, current attempts at 
isolating chemically well-defined fractions from whole 
bacteria have been given a high priority, with the justifi- 
cation that they may lead to preparations that retain 
important therapeutic effects but with diminished or no 
toxicity. 
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In this paper, it is the aim of the authors to direct 
attention to newer compounds that have already been 
identified as the active molecules of the whole mycobac- 
terial cell, and whose synthesis has recently been ef- 
fected. Together with a discussion of other adjuvants, 
we advance the hypothesis that certain of these synthet- 
ic substances are able to regulate the immune response 
because of their structural analogy to molecules native 
to the parasitic agent or to the host. 

Synthetic Immunoadjuvants with Structural Analogy 
Related to Microorganisms 

Development of these synthetic compounds originated 
mainly through studies of mycobacteria, which were uti- 
lized extensively by several investigators because of their 
strong, multiple effects on the immune response. Al- 
though the capacity to immunize specifically against tu- 
berculous infection is restricted to certain strains of this 
organism, nonspecific resistance to infections (Blanden 
et al., 1969; Dubos and Schaedler, 1957; Howard et al., 
1959), as well as enhancement of tumor immunity (La- 
mensans et al., 1968; Laucius et al., 1974; Math+, 1971; 
Old et al., 1959; Zbar et al., 1971), has been elicited by 
a large variety of mycobacteria. As was shown by 
Freund, these organisms are also capable of inducing 
delayed hypersensitivity to many antigens when admin- 
istered with them in a water-in-oil emulsion, in addition 
to their property of markedly increasing humoral anti- 
body levels (Freund, 1956; White, 1976). Thus, a com- 
mon adjuvant unit was suggested, which was rather 
widely dispersed throughout the mycobacteria genus. 
However, the utilization of whole mycobacterial cells as 
adjuvants became restricted because of their multiple 
side effects, and because the nature of their immune 
modulation was unpredictable, e.g., tumor enhancement 
instead of rejection (Werner et al., 1977). Clinical appli- 
cation has also been severely limited by the requirement 
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for a nonmetabolizable oil as a component of Freund's 
complete adjuvant (FCA) (Holt, 1967). These realiza- 
tions have served as a continuing stimulus to fractionate 
mycobacterial cells and identify and synthesize the ac- 
tive, immunoregulating molecules devoid of toxicity and 
immunogenicity, such that they might be useful tools for 
clinical application. 

The difficult problem of determining the chemistry 
of fractions with adjuvant activity from mycobacteria 
had been pursued for many years, but only recently 
have the important, relevant structures been identified. 
Early investigations revealed that the whole organisms 
could be replaced by a wax, termed Wax D, which was 
extracted and solubilized in lipid solvents (Raffel, 1948; 
White et al., 1964), or by purified cell walls (Azuma et 
al., 1971). More recently, an important advance has 
been made in the identification of water-soluble fractions 
(Adam et al., 1972, 1973; Hiu, 1972; Migliore-Samour 
and Joll~s, 1972; Stewart-Tull et al., 1975). Thus, a 
preparation containing arabinogalactan linked to pepti- 
doglycan was obtained after lysozyme treatment of My- 
cobacterium smegmatis by Adam et al., and found capa- 
ble of substituting for whole mycobacterial cells in 
Freund's complete adjuvant (Adam et al., 1972, 1973; 
Hiu, 1972; Migliore-Samour and Joll~s, 1972; Stewart- 
Tull et al., 1975). In contrast to whole cells or to crude 
cell walls, this fraction, termed Water Soluble Adjuvant 
(WSA), did not induce side effects (Chedid et al., 1972) 
and was not arthritogenic, although it could induce de- 
layed hypersensitivity and, under some circumstances, 
autoimmune diseases (Lebar and Voisin, 1974; Toullet 
et al., 1974)• In vitro experiments have shown that WSA 
amplified the immune response to T-independent anti- 
gens, and that this activity might be exerted at the level of 
the macrophage (Modolell et al., 1974)• However, this 
adjuvant may have multiple effects in that WSA has 
been shown to be active in the mixed lymphocyte reac- 
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tion (Bona et al., 1974) and to be capable of restoring 
the immune response in mice depleted of antibody-form- 
ing cells (Liacopoulos et al., 1974)• In these instances, 
mediation may occur through the thymus-derived 
cell. 

Further chemical breakdown of WSA revealed that 
the minimal cell wall subunit capable of replacing whole 
mycobacterial cells in Freund's complete adjuvant was a 
monosaccharide tripeptide (Ellouz et al., 1974). A por- 
tion of the latter (N-acetyl muramyl-L-alanyl-D-isoglu- 
tamine, MDP) was subsequently synthesized and shown 
to be the minimal unit with immunoregulatory proper- 
ties (Adam et al., 1975; Ellouz et al., 1974; Kotani et al., 
1975a; Merser et al., 1975). The formula for WSA and 
MDP are shown in Figure 1, which depicts their rela- 
tionship to the mycobacterial cell wall skeleton and Wax 
D structure as stipulated by Lederer (Lederer, 1977; 
Lederer et al., 1975). 

In contrast to previous adjuvant fractions, MDP 
was found to be very active when injected in an aqueous 
medium with antigens (Audibert et al., 1977a, 1976). 
Moreover, its effects were demonstrable by several 
routes, including oral administration (Chedid et al., 
1976). Various aspects of the biological activity of MDP 
and its analogues have been reviewed recently (Chedid 
and Audibert, 1977; The Lancet, 1977) and its mecha- 
nisms of action studied in several systems (Damais et 
al., 1977, 1978; Juy and Chedid, 1975; Liacopoulos et 
al., 1974; Specter et al., 1977; Sugimoto et al., Yama- 
mura et al., 1976b). Thus, MDP has been shown to 
activate macrophages in vitro, enabling them to inhibit 
the growth of tumor target cells (Juy and Chedid, 1975). 
Oppenheim and Mizel have observed that MDP induces 
mitogenic activity in the supernatant fluids of mouse 
peritoneal exudate cells and human peripheral mononu- 
clear cells. This activity resulted when the cell popula- 
tion was enriched for adherent cells and is therefore like- 

L =  Lysozyme 

Myc = Mycolic acid 

n +rn - 8 -10  
x + y  - 8 - 1 0  

o ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , ,  ,° 

---L,( Ara Gal2)n 

GIc Nac-I~lur Nglyc'~ 

D ?lu =- NH2 

meso ~AP-NH= 

D-AIa~.  

". L 

WSA 
ArasGal2 

I 
O 
I 

O ~ P ~ O H  

' I 

WAX D: 

I 
' (Ara~Gal2)rn - -  

MDP \ I O / 
' \ I  I ~ /  

• .. ~.~'.Gic N A ~ - ~ ,  Ngly~ ~ / G i c N a c  =Mu~'Ngtycl \  
• .. ', I • / ) 

• I Aia t / L Ala I | 

" .  ',, ) / ! * I /  
' ,  ~ Glu I / D Glu=--NH2 I / 

". \ • I / ) ' /  

• . , .  , , - .  \ . .  'i' / 

Fig. 1. Simplified scheme of the 
mycobacterial cell wall and its adjuvant- 
active derivatives wax D, water-soluble 
adjuvant (WSA), and N-acetylmuramyl- 
L-alanyl-D-isoglutamine (MDP). The WSA 
unit shown here has a molecular weight of 
about 2000. Myc: mycolie acid; 
L: lysozyme; according to E. Lederer (1977) 
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ly to be similar to lymphocyte-activating factor 'LAF', 
although the adherent cells contained some lymphocytes 
and therefore also may be making mitogenic factor (un- 
published results). 

Administration of MDP with SRBC enhances the 
titer of circulating antibodies by acting on T-lympho- 
cytes (L6wy et al., 1977). More recently, using trinitro- 
phenyl-ovalbumin and trinitrophenyl-keyhole limpet he- 
mocyanin as a carrier hapten system, it was observed 
that the effect was mediated by carrier-specific T-helper 
cells (Sugimoto et al.). 

Most of the data obtained when MDP was injected 
into saline, utilized systems concerned with humoral an- 
tibody production. When administered into Freund's in- 
complete adjuvant (FIA), MDP, like WSA, was found 
to induce delayed hypersensitivity (Azuma et al., 1976; 
Ellouz et al., 1974; Kotani et al., 1975b; Merser et al., 
1975; Tanaka et al., 1977b) and even autoimmune dis- 
eases (Nagai, 1976; Toullet et al., 1977). Its potency 
with respect to the latter was evidenced when it was 
shown that FIA containing MDP administered with a 
synthetic encephalitogenic peptide antigen was more 
powerful than FCA (Nagai, 1976). 

Recently, Yamamura has shown that allogeneic cell- 
mediated cytotoxicity was enhanced by MDP in vitro 
but not in vivo whereas a mycoloyl-MDP derivative was 
active in vivo (Yamamura et al., 1976b). In these studies 
the synthetic molecules were administered in an aqueous 
medium. These results argue favorably for the potential 
use of such agents in cell-mediated immunity and conse- 
quently in immunotherapy of cancer. 

Multiple analogues of MDP with minor modifica- 
tions are now being synthesized, and correlations be- 
tween biological activity and chemical structure are be- 
ginning to be made (Audibert el: al., 1977b; Chedid et 
al., 1976; Damais et al., 1978). To illustrate, certain de- 
rivatives, such as an MDP stereoisomer where D-alanine 
was substituted for the L form, were found capable of 
inhibiting the immune response, suggesting their possible 
use as immunosuppressants (Adam et al., 1976; Chedid 
et al., 1976). It is also of importance that certain of these 
synthetic analogues stimulated nonspecific resistance to 
infection (Chedid et al., 1977) and increased phagocyto- 
sis (carbon clearance) (Tanaka et al., 1977a). 

Although MDP was shown to be devoid of toxicity 
in normal or even adrenalectomized mice (Chedid et al., 
1977), it was surprisingly found that this molecule and 
some of the adjuvant active analogues induced a febrile 
response in rabbits (Kotani et al., 1976). 

It was also reported that MDP incubated with gran- 
ulocytes or monocytes recovered from humans or rab- 
bits induced the production of endogenous pyrogen in 
vitro. The same molecules used at high dosage levels 
were also capable of coagulating a limulus lysate (Di- 
narello et al., 1977). It must be noted, however, that two 

221 

analogues that have the same degree of adjuvant activity 
had a slight or even no detectable pyrogenicity under the 
same conditions (Dinarello et al., 1977). 

Synthetic Immunoadjuvants with Structural Analogies 
to Native Substances 

A second distinctive group of synthetic immunoregula- 
tory molecules were tested or produced initially because 
of their structural analogies with natural molecules of 
the host or the parasitic agent. For example, Munder 
et al. observed that, after stimulation by various adju- 
vants, an increased formation of lysolecithin by macro- 
phages occurred. Consequently, exogenous lysolecithin, 
as well as several analogues, were tested and shown to 
be active as adjuvants in vivo, augmenting antibody ti- 
ters to various antigens (Munder et al., 1976; Westphal 
et al., 1970). 

A somewhat similar rationale guided the investiga- 
tion a few years earlier of the effect of synthetic polynu- 
cleotides on the immune response (Johnson, 1976). Ini- 
tially, nucleic acids were explored as the possible endo- 
genous host mediator of the potent adjuvant action of 
the endotoxic lipopolysaccharides isolated from gram- 
negative bacteria (Merritt and Johnson, 1965). Thus, the 
cytotoxic action of the endotoxin in vivo was hypothe- 
sized to cause the release of cellular nucleic acids in the 
vicinity of immunocompetent cells, which were being 
called upon for a burst of nucleic acid synthesis as a 
result of concurrent antigen stimulation (Kind and John- 
son, 1959). The postulate that the released nucleic acids 
might serve as trephocytic molecules to help meet this 
demand and accentuate synthesis was supported by the 
subsequent demonstration that stimulation of the im- 
mune response to unrelated antigens was a property of 
both endogenous and exogenously derived nucleic acids, 
as well as of the low molecular weight breakdown products 
isolated following treatment of nucleic acids with nu- 
cleases (Johnson and Hoekstra, 1967; Merritt and John- 
son, 1965). Subsequently, Braun and his colleagues, 
guided both by their previous extensive studies showing 
oligonucleotides capable of stimulating division in bacte- 
rial cells, and by their postulate that mammalian anti- 
body synthesis might require endogenous stimulatory 
molecules of a similar nature (Braun and Firshein, 
1967), recognized and tested the potential of the newly 
developed (1965) synthetic polynucleotides. Their dem- 
onstration that polyinosinic, polycytidylic (poly I : C )  
and polyadenylic, polyuridyllc acid (poly A : U) com- 
plexes were capable of increasing the numbers of anti- 
body-forming cells 4 -5  fold caused interest to focus 
rapidly on these synthetic complexes because of their 
defined structure and ready availability (Braun and Na- 
kano, 1967). 
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Conversely, Hilleman et al. (1971), who were 
searching for the viral component responsible for the 
inducement of interferon in vivo, also explored the poly- 
nucleotides early as possible synthetic substances mim- 
icking parasitic activity. Their studies showed the dou- 
ble-stranded nucleic acids and their synthetic counter- 
part, poly I : C ,  to be convincingly active in this re- 
spect. 

The polynucleotide complexes have been found to be 
adjuvants in mice, rats, guinea pigs, and rabbits, and 
their activity has been established for a wide range of 
thymus-dependent antigens. The signal from the adju- 
vant is apparently received very rapidly by the host inas- 
much as the complexes are destroyed within 5-10 min 
by the nucleases in serum (Schmidtke and Johnson, 
1971). These adjuvants have proved to be very effective 
T-cell stimulants with respect to both T-helper (Cone 
and Johnson, 1971) and suppressor cells (Morris and 
Johnson, 1977), as well as to cytotoxic cells (Bick and 
Mtller, 1977). They show distinctive temporal require- 
ments in that injection of this adjuvant together with an 
antigen increases antibody synthesis (Schmidtke and 
Johnson, 1971). In contrast, injection of poly A : U 1 or 
2 days prior to injection causes the formation of sup- 
pressor cells with a resulting diminution of antibody 
synthesis (Morris and Johnson, 1977). Thus, these syn- 
thetic molecules can be considered true regulators of the 
immune system. Complexing of the base pairs has been 
shown to be a requirement in most instances (Schmidtke 
and Johnson, 1971), but when added to Freund's incom- 
plete adjuvant, poly U alone was capable of increasing 
delayed hypersensitivity in the guinea pig (Paterson and 
Drobish, 1975) and of sensitizing the rat for allergic en- 
cephalomyelitis. However, artifactually induced double- 
strandedness has not been ruled out in these instances 
(DeClercq and Merigan, 1969). 

Evidence has been gained that poly A : U functions 
as an adjuvant by causing T-lymphocytes to hasten 
their secretion of T-helper factors (Bick and Johnson, 
1977). Such soluble helper factors secreted under the 
influence of poly A : U have been shown to increase the 
number of antibody-forming cells in the spleen, and 
were active in restoring the deficient immune response of 
aging mice (Han and Johnson, 1976) and preventing the 
development of tolerance in normal mice (Fessia et al., 
1977). In addition, poly A : U has been shown to in- 
crease markedly the maturation of the immune system 
in the neonatal mouse (Han and Johnson, 1976). 

Little, if any, toxicity has been displayed by poly 
A : U. On the other hand, poly I : C has proven to be 
toxic to intestinal tissue, pyrogenic, and lethal for mice, 
and induce hemorrhagic necrosis in kidneys (Han et al., 
1973; Philips et al., 1971). 

Recently, it has been shown that human peripheral 
blood leukocytes (PBL) double the synthesis of immu- 
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noglobulin when stimulated by poly A :U. PBL from 
patients with acquired agammaglobulinemia similarly 
showed elevated Ig synthesis under the influence of po- 
lynucleotides. However, such cells from patients with 
congenital agammaglobulinemia could not be elevated 
in their synthetic capacity by poly A : U (Lederman et 
al., 1977). 

Both polynucleotide complexes have been shown to 
be effective stimulants of the immune system against 
certain tumors (Johnson, 1976). However, the lack of 
toxicity of the poly A : U complex may be an important 
determinant of priority in this respect. Field trials are 
under way in human beings to measure the effectiveness 
of poly A : U on the immune response of tumor-bearing 
patients as well as of patients who have undergone 
tumor removal by surgery (Lacour et al., 1974). 

Synthetic Drugs as Immunoadjuvants 

Within the past decade, other synthetic compounds have 
been shown to stimulate immunity. However, in contrast 
to MDP, its analogues, and the polynucleotides, these 
molecules were tested initially because of their various 
pharmacologic activities rather than being derived from 
active microorganisms. For example, Mayer and Fink 
(Mayer and Fink, 1970) have shown that bis-(diethyl- 
amino-ethoxy)-fluoren-9-one (tilorone) induced the im- 
munoregulatory molecule, endogenous serum interferon, 
even on oral administration. Further experimentation 
has shown that tilorone is capable of enhancing anti- 
body responses to sheep red blood cells (Diamantstein, 
1973) and of suppressing delayed hypersensitivities 
(Megel et al., 1974). 

In addition, another synthetic compound of low mo- 
lecular weight, tetramisole, was shown by Renoux and 
Renoux in 1971 to augment the protective effect of a 
Brucella vaccine in mice (Renoux and Renoux, 1971). 
This compound had been available several years pre- 
viously as an antihelminthic drug. Levamisole hydro- 
chloride is the levarotory enantiomer of tetramisole and 
appears to have similar effects on the immune system 
(Renoux and Renoux, 1971). This observation 
prompted intensive investigative efforts, both by immu- 
nologists and clinicians, resulting in more than 400 pa- 
pers being published in this short period of time (Sy- 
moens, 1976; Symoens and Rosenthal, 1977). 

The cumulative evidence from studies on isolated 
cells, experimental animals, healthy volunteers, and pa- 
tients suggests that levamisole restores to normal the 
functions of phagocytosis and T-lymphocytes in immu- 
nodeficient hosts. Although this compound has been 
studied extensively by various investigators for its effect 
in oncologic diseases, there still exist many conflicting 
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data in the literature. A very complete review of this 
subject has been published by Symoens and Rosenthal 
(1977). In addition, Oettgen et ad. have discussed levam- 
isole thoroughly in the recent Symposium on Immuno- 
therapy of Malignant Disease (Oettgen et al., 1976). 

The trend toward synthetic adjuvants is emphasized 
further by the recent studies of 4-imino-l.3-diazabi- 
cyclo-(3.1.O)-hexan-2-on, Boehringer Mannheim 
(BM06002), by Micksche (Micksche et al., 1977). This 
adjuvant has been reported to be active for both hu- 
moral and cell-mediated immune reactions in animal 
models, and to stimulate immune reactions in man. 

Discussion 

The nature of adjuvant material has long been consid- 
ered to be foreign, aggressive, or insulting to the host. 
Consequently, it was expected that only complex, insol- 
uble, undegradable materials were capable of enhancing 
the immune response by nonspecific mechanisms. Since 
Freund's complete adjuvant consistently has been docu- 
mented as the most potent agent in this respect, it was 
postulated that whole mycobacterial cells or cell walls 
were required for its manifestation. The discovery that 
Wax D, a well-defined material, could substitute for the 
whole cell did not alter this view considerably, inasmuch 
as Wax D contains mycolic acid, which represents a 
unique mycobacterial constituent and renders this mate- 
rial difficult to be disposed by the host. Even the discov- 
ery of the activity of WSA and the native monosaccha- 
ride tripeptide subunit was consistent with the require- 
ment for a foreign structure, since diaminopimelic acid 
(DAP), D-isoglutamine, and N-acetylmuramic acid do 
not exist in eukaryotes. However, with the knowledge 
that removal of DAP still did not abolish the adjuvant 
activity, it became more apparent that extremely small 
and simple molecules with minimal differences from the 
host's own structures were sufficient for adjuvanticity. 
The fact that regulation of the immune response now 
can be achieved with such small peptides raises the 
question as to whether these molecules function by vir- 
tue of possessing structures similar to those existing in 
the host. One might boldly pose the question "Does 
MDP and its analogues represent man's synthetic ver- 
sion of a natural lymphokine?" (Barksdale and Kim, 
1977). 

It is important to recognize in this respect that lym- 
phokine structures are unknown and that only a few 
immunoregulatory molecules of the host other than im- 
munoglobulin, thymic serum factors, and thymosin 
alpha 1 have been sequenced. The latter two were 
recently also synthesized. As a matter of fact, the syn- 
thesis of analogues of bacterial products with immuno- 
logic activity may represent an easier approach to the 
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acquisition of knowledge of natural structures. It is of 
interest that o-isoglutamine, which is essential for the 
activity of MDP, is not hydrolyzable by enzymes of 
mammalian hosts and thus cannot be degraded. Substi- 
tution of the L-isomer at this point results in an inactive 
adjuvant. One might then speculate that the nonde- 
gradable synthetic product may be a distinct asset as 
compared with the natural mediators, which probably 
have short biological half-lives. 

We attach conceptual importance to the omission of 
the word 'immunoadjuvant' from our title. It expresses 
our feeling that a new era in studies of adjuvants has 
dawned in which these substances are recognized as 
having a much broader regulatory activity in inducing 
suppression as well as in enhancing the immune re- 
sponse (Schwab, 1975). It is of interest in this respect 
that in his recent review, Schwab stated that "Almost 
every material having adjuvant activity can also be dem- 
onstrated to suppress the immune response with appro- 
priate manipulation of timing, dose and selection of an- 
tigen. The greater significance of these agents may be as 
immunosuppressants." Several adjuvants have now 
been demonstrated to be active immunosuppressive 
agents in animals at microgram levels as compared with 
the milligram doses required with cancer therapeutic 
drugs. Whereas all known bacterial adjuvants such as 
BCG and C. parvum, etc., have considerable antigenic 
diversity, the functionally pure fractions now available 
and described herein should provide distinctive probes 
for definitive studies of immunoregulatory mecha- 
nisms. 

Experimental analysis of the structural control of 
immunogenicity has shown that the humoral response to 
DNP-oligolysines was dependent on the kind of myco- 
bacteria used in FCA (Stupp et al., 1971). Under certain 
well-defined conditions, the magnitude of the antibody 
response was independent of the PLL gene status of the 
guinea pigs, but was related to the type of mycobacteria 
used (HaTRv instead of M. butyricum). Similarly, Nagai 
(1976), using an analogue shorter than the nonapeptide 
encephalitogen antigen, has presented evidence that 
MDP selectively induced this autoimmune disease, 
whereas FCA with whole mycobacteria could not. 
Therefore, such well-defined synthetic adjuvants should 
also permit a more precise appraisal of the genetics of 
the immune response. Up to the present time, these stud- 
ies have been undertaken necessarily with very complex 
adjuvant materials. 

The addition to tumor therapy of immunoregulating 
substances such as those reviewed herein may be advo- 
cated for multiple reasons. For example: 

(a) enhancement of specific immunization by tumor 
antigens, 

(b) enhancement of nonspecific immunity active 
against tumors, 
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(C) use of  the immunosuppressive capaci ty  of  certain 
analogues to reduce tumor-blocking or tumor-enhancing 
antibodies, and 

(d) restorat ion of  immunocompetence  following a 
deficiency induced by  the cancer itself or by  cancer  che- 
motherapy.  

Man  has the habit  of  interpreting Nature  in ways  
more difficult than she intended. Fo r  a long time, there 
have been conceptual  differences between chemotherapy 
and immunotherapy,  sometimes to the point  of  the two 
being in opposition. Yet it must  be recalled that  cancer 

chemotherapy has rendered available for decades sever- 
al synthetic cytostatic compounds which were also im- 
munosuppressive as recently reviewed in detail (Schwab, 
1975). The gap existing between chemical and immuno- 
logic approaches  to tumor  therapy also appears  to be 
bridged by the availability of  the synthetic compounds  
emphasized herein that  represent analogues of  natural  
structures existing in the host  or parasi te  and that  are 
capable of  regulating the immune response. The ratio- 
nale for use of  polynucleotides as adjuvants  has been 
their relationship to natural  products  existing in the host 
or in viruses. Similarly, it has been suggested by  Barks- 
dale (Barksdale and Kim, 1977) that  M D P  could "do its 
job  because it mimics a regulator molecule of  the im- 
mune system." Whether  such is the case remains to be 
demonstra ted;  however, the recognition of  the emer- 
gence of  low molecular  weight monosacchar ide  pep- 
tides, representing an ext raordinary  small unit capable  
of  replacing mycobac ter ia  in Freund ' s  adjuvant,  should 
help to establish an impor tant  bridging relationship be- 
tween chemical and immunologic tumor  therapy.  

Acknowledgements: One of us (A. G. Johnson) gratefully ac- 
knowledges the generous support of Institut National de la Sant~ et 
de la Recherche M6dicale (Paris) in making this cooperative manu- 
script possible. This work was .Supported by INSERM grant 76-59 
and INSERM grant 77.4 060 1. 

References 

Adam, A., Ciorbaru, R., Petit, J. F., Lederer, E.: Isolation and prop- 
erties of a macromolecular, water-soluble, immunoadjuvant frac- 
tion of the cell wall of Mycobacterium smegmatis. Proc. nat. 
Acad. Sci. (Wash.) 69, 851 (1972) 

Adam, A., Ciorbaru, R., Petit, J. F., Lederer, E., Chedid, L., Lamen- 
sans, A., Parant, F., Parant, M., Rosselet, J. P., Berger, F. M.: 
Preparation and biological properties of water-soluble adjuvant 
fraction from delipidated cells of Mycobaeterium smegmatis and 
Nocardia opaea. Infect. Immun. 7, 855 (1973) 

Adam, A., Devys, M., Souvannavong, V., Lefrancier, P., Choay, J., 
Lederer, E.: Correlation of structure and adjuvant activity of 
N-acetylmuramyl-L-alanyl-D-isoglutamine (MDP), its derivatives 
and analogues. Anti-adjuvant and competition properties of some 
stereoisomers. Biochem. biophys. Res. Commun. 72, 339 
(1976) 

A. G. Johnson et aL: Synthetic Immunoregulating Molecules 

Adam, A., Ellouz, F., Ciorbaru, R., Petit, J. F., Lederer, E.: Peptido- 
glycan adjuvants: minimal structure required for activity. Z. 
Immun.-Forsch. 149S, 341 (1975) 

Audibert, F., Chedid, L., Hannoun, C.: Augmentation de la r6ponse 
immunitaire au vaccin grippal par un glycopeptide synth&ique 
adjuvant (N-ac&ylmuramyl-L-alanyl-D-isoglutamine). C.R. 
Acad. Sci. [D] (Paris) 285D, 467 (1977a) 

Audibert, F., Chedid, L., Lefrancier, P., Choay, J.: Distinctive adju- 
vanticity of synthetic analogs of mycobacterial water-soluble 
components. Cell. Immunol. 21, 243 (1976) 

Audibert, F., Chedid, L., Lefrancier, P., Choay, J., Lederer, E.: Rela- 
tionship between chemical structure and adjuvant activity of 
some synthetic analogs of N-acetylmuramyl-L-alanyl-D-isoglu- 
tamine (MDP). Ann. Immunol. (Paris) 128C, 643 (1977b) 

Azuma, I., Kishimoto, S., Yamamura, Y., Petit, J. F.: Adjuvanticity 
of mycobacterial cell walls. Jap. J. Microbiol. 15, 193 (1971) 

Azuma, I., Sugimura, K., Taniyama, T., Yarnawaki, M.,Yamamura, 
Y., Kusumoto, S., Okada, S., Shiba, T.: Adjuvant activity of 
mycobacterial fractions. Adjuvant activity of synthetic N-acetyl- 
muramyl-dipeptide and the related compounds. Infect. Immun. 
14, 18 (1976) 

Barksdale, L., Kim, K. S.: Mycobacterium. Bact. Rev. 41, 217 
(1977) 

Bick, P. H., M611er, G.: Cytotoxic T-cell activation by polyribonu- 
cleotides: DNA synthesis is not required. J. exp. Med. 146, 844 
(1977) 

Bick, P. H., Johnson, A. G.: Poly A : U  induced secretion of 
T-lymphocyte helper factors. Scan& J. Immunol. 6, 1133 
(1977) 

Blanden, R. V., Lefford, M. J., Mackannes, G. B.: The host response 
to Calmette-Gu6rin bacillus infection in mice. J. exp. Med. 129, 
1079 (1969) 

Bona, C., Heuclin, C., Chedid, L.: Enhancement of human mixed 
lymphocyte cultures by a water-soluble adjuvant. Rec. Res. 
Cancer Res. 47, 197 (1974) 

Borsos, T., Rapp, H. J.: Antigenic relationship between Myeobacte- 
rium boris (BCG) and a guinea pig hepatoma. J. nat. Cancer 
Inst. 51, 1085 (1973) 

Braun, W., Firshein, W.: Biodynamic effects of oligonucleotides. 
Bact. Rev. 31, 83 (1967) 

Braun, W., Nakano, M.: Antibody formation: stimulation by po- 
lyadenylic and polycytidylic acids. Science 157, 819 (1967) 

Bucana, C., Hanna, M. G., Jr.: Immunoelectron microscopic analy- 
sis of surface antigens common to Myeobaeterium boris (BCG) 
and tumor cells. J. nat. Cancer Inst. 53, 1313 (1974) 

Chedid, L., Audibert, F.: Recent advances in the use of the synthetic 
immunoadjuvant muramyl dipeptide and analogues. In: Micro- 
biology 1977. Schiessinger, D. (ed.), pp. 388-394. Washington: 
Am. Soc. Microbiol. 1977 

Chedid, L., Audibert, F., Lefrancier, P., Choay, J., Lederer, E.: 
Modulation of the immune response by a synthetic adjuvant and 
analogs. Proc. nat. Acad. Sci. (Wash.) 73, 2472 (1976) 

Chedid, L., Lamensans, A., Parant, F., Parant, M., Adam, A., Petit, 
J. F., Lederer, E.: Protective effect of delipidated mycobacterial 
cells and purified cell walls against Ehrlich carcinoma and a syn- 
geneic lymphoid leukemia in mice. Cancer Res. 33, 2187 
(1973) 

Chedid, L., Parant, M., Parant, F., Gustafson, R. H., Berger, F. M.: 
Biological study of non-toxic, water-soluble immunoadjuvant 
from mycobacterial cell walls. Proc. nat. Acad. Sci. (Wash.) 69, 
855 (1972) 

Chedid, L., Parant, M., Parant, F., Lefrancier, P., Choay, J., Le- 
derer, E.: Enhancement of non-specific immunity to Klebsiella 
pneumoniae infection by a synthetic immunoadjuvant (N-acetyl- 
muramyl-L-alanyl-D-isoglutamine) and several analogs. Proc. 
nat. Acad. Sci. (Wash.) 74, 2089 (1977) 



A. G. Johnson et al.: Synthetic Immunoregulating Molecules 225 

Ciba Foundation Symposium, New Series, Immunopotentiation. 
Amsterdam: Elsevier Excerpta Medica, North Holland Asso- 
ciated Scientific Publishers 1973 

Cone, R. E., Johnson, A. G.: Regulation of the immune system by 
synthetic polynucleotides. II. Action of antigen reactive cells of 
thymic origin. J. exp. Med. 133, 665 (1971) 

Damais, C., Parant, M., Chedid, L.: Non-specific activation of mu- 
fine spleen cells in vitro by a synthetic immunoadjuvant (N-ace- 
tylmuramyl-L-alanyl-D-isoglutamine). Cell. Immunol. 34, 49 
(1977) 

Damais, C., Parant, M., Chedid, L.: In vitro spleen cell responsive- 
ness to various analogs of MDP (N-acetylmuramyl-L-alanyl-D- 
isoglutamine), a synthetic immunoadjuvant, in MDP high-re, 
sponder mice. Cell. Immunol. 35, 173 (1978) 

DeClercq, E., Merigan, T. C.: Requirement of a stable secondary 
structure for the anti-viral activity of polynucleotides. Nature 
(Lond.) 222, 1148 (1969) 

Diamantstein, T.: Stimulation of humoral immune response by tilor- 
one hydrochloride. Immunology 2.4, 771 (1973) 

Dinarello, C. A., Elin, R. J., Chedid, L., Wolff, S. M.: The pyroge- 
nicity of synthetic adjuvants (submitted for publication 1977) 

Dubos, R., Schaedler, R. W.: Effects of cellular constituents of 
Mycobacteria on the resistance of mice to heterologous infec- 
tions. J. exp. Med. 106, 703 (1957) 

Ellouz, F., Adam, A., Ciorbaru, R., Lederer, E.: Minimal structural 
requirements for adjuvant activity of bacterial peptidoglycan de- 
rivatives. Biochem. biophys. Res. Commun. 59, 1317 (1974) 

Fessia, J. L., Kong, Y. M,, Bick, P. H., Johnson, A. G.: Prevention 
of tolerance induction to a thymus-dependent antigen by poly 
A : U  induced thymocyte fluid. Europ. J. Immunol. 8, 508 
(1977) 

Freund, J.: The mode of action of immunologic adjuvants. Advanc. 
Tuberc. Res. 7, 130 (1956) 

Gray, G. R., Ribi, E., Granger, D. L., Parker, R., Azuma, I., Yama- 
moto, K.: Immunotherapy of cancer: tumor suppression by cell 
walls of Myeobaeterium phlei attached to oil droplets. J. nat. 
Cancer Inst. 55, 727 (1975) 

Han, I. H., Johnson, A. G., Cook, J., Han, S. S.: Comparative bio- 
logical activity of endotoxin and synthetic polynucleotides. J. in- 
fect. Dis. 128, $232 (1973) 

Han, I. H., Johnson, A. G.: Regulation of the immune system by 
synthetic polynucleotides. VI. Amplification of the immune re- 
sponse in young and aging mice..1. Immunol. 117, 423 (1976) 

Hersch, E. M., Gutterman, J. U., Maviglit, G. M., Rooed, R. C., 
Richman, S. P.: B CG vaccine and its derivatives: potential, prac- 
tical considerations and precautions in human cancer immuno- 
therapy. J. Amer. reed. Ass. 235, 646 (1976) 

Hilleman, M. R., Lampson, G. P., Tytell, A. A., Field, A. K., Nemes, 
M. M., Krakoff, I. H.: Double stranded RNA's in relation to 
interferon induction and adjuvant activity. In: Biological effects 
of polynucleotides. Beers, R. F., Braun, W. (eds.), p. 27. New 
York: Springer 1971 

Hiu, I. J.: Water-soluble and lipid-free firaction from BCG with adju- 
vant antitumor activity. Nature (Lond.) New Biol. 238, 241 
(1972) 

Holt, L. B.: Oily adjuvants. International Symposium on Adjuvants 
of Immunity, Utrecht 1966; Symp. Series Immunobiol. Standard. 
Vol. 6, p. 131. Basel-New York: Karger 1967 

Howard, J. G., Biozzi, G., Halpern, B. N., Stiffel, C., Mouton, D.: 
The effect of Mycobacterium tuberculosis (BCG) infection on the 
resistance of mice to bacteria endotoxin and Salmonella enteri- 
tidis infection. Brit. J. exp. Path. 40, 281 (1959) 

Israel, L.: lmmunochemotherapy with Corynebacterium parvum in 
disseminated cancer. Int. Conf. on Immunotherapy of Cancer. 
Southam, C. M., Friedman, H. (eds.). The New York Academy 
of Sciences 277, 209 (1976) 

Johnson, A. G.: The adjuvant action of synthetic polynucleotides on 
the immune response. In: Immune RNA. Cohen, E. P. (ed.), p. 
17. Cleveland: Chemical Rubber Co. 1976 

Johnson, A. G., Hoekstra, G.: Acceleration of the primary antibody 
response. In: Ontogeny of Immunity. Smith, R. T., Good, R. A., 
Miescher, P. (eds.), p. 187. Galnesville: University of Florida 
1967 

Juy, D., Chedid, L.: Comparison between macrophage activation 
and enhancement of non-specific resistance to tumors by myco- 
bacterial immunoadjuvants. Proc. nat. Acad. Sci. (Wash.) 72, 
4105 (1975) 

Kind, P., Johnson, A. G.: Studies on the adjuvant action of bacterial 
endotoxins on antibody formation. I. Time limitations of enhanc- 
ing effect and restoration of antibody formation in x-irradiated 
rabbits. J. Immunol. 82, 415 (1959) 

Kotani, S., Watanabe, Y., Shimono, T., Narita, T., Kato, K., Ste- 
wart-Tull, D. E. S., Kinoshita, F., Yakogawa, K., Kawata, S., 
Shiba, T., Kusumoto, S., Tarumi, Y.: Immunoadjuvant activities 
of cell walls, their water-soluble fractions and peptidoglycan sub- 
units prepared from various gram-positive bacteria and of syn- 
thetic N-acetylmuramyl peptides. Z. Immun-Forsch. 149, 302 
(1975a) 

Kotani, S., Watanabe, Y., Kinoshita, F., Shimono, T., Morisaki, I., 
Shiba, T., Kusumoto, S., Tarumi, I., Ikenaka, K.: Immunoadju- 
vant activities of synthetic N-acetylmuramyl peptides or-amino 
acids. Biken's J. 18, 105 (1975b) 

Kotani, S., Watanabe, Y., Shirnono, T., Harada, K., Shiba, T., Kusu- 
moto, S., Yokogawa, K., Taniguchi, M.: Correlation between the 
immunoadjuvant activities and pyrogenicities of synthetic N-ace- 
tylmuramyl peptides or -amino acids. Biken's J. 19, 9 (1976) 

Lacour, J., Lacour, F., Spira, A., Delage, G., Michelson, A. M.: An 
immunotherapeutic trial of the adjuvant poly A : U in the man- 
agement of breast cancer. Bull. Cancer 61, 275 (1974) 

Lamensans, A., Chedid, L., Lederer, E., Rosselet, J. P., Ludwig, B., 
Berger, F. M., Gustafson, R. H., Spencer, H. J.: Enhancement of 
immunity against murine syngeneic tumors by a fraction ex- 
tracted from non-pathogenic mycobacteria. Proc. nat. Acad. Sci. 
(Wash.) 72, 3656 (1975) 

Lamensans, A., Mollier, M. F., Laurent, M.: Action du BCG sur 
l'activit6 catalasique htpatique chez la Souris. Relations avec le 
systbme r&culo-endothtliai et la r+sistance /t la leucose greff~e 
AKR. Rev. Fran9. l~tud, clin. biol. 13, 871 (1968) 

Lamoureux, G., Turcotte, R., Portelance, V.: BCG in Cancer Immu- 
notherapy. New York: Grune and Stratton 1976 

The Lancet, Editorial: Immunological adjuvants: less alchemy and 
more science? July 30, Vol. II, 230 (1977) 

Laucius, J. F., Bodurtha, A. J., Mastrangelo, M. J., Creech, R. H.: 
Bacillus Calmette-Gu~rin in the treatment of neoplastic disease. 
J. Reticuloendothel. Soc. 16, 347 (1974) 

Lebar, R., Voisin, G. A.: Production d'une enc+phalomytlite allergi- 
que expbrimentale auto-immune (EAE) chez le cobaye fi l'aide 
d'un adjuvant hydrosoluble extrait de Myeobaeterium smegmatis. 
Ann. Immunol. (Paris) 125C, 911 (1974) 

Leclerc, C., Lamensans, A., Chedid, L., Drapier, J. C., Petit, J. F., 
Wietzerbin, J., Lederer, E.: Non-specific immunoprevention of 
LI210 leukemia by cord factor (6-6' dimycolate of trehalose) 
administered in a metabolizable oil. Cancer Immunol. Immuno- 
ther. 1, 227 (976) 

Lederer, E.: Natural and synthetic immunostimulants related to the 
mycobacterial cell wall. Proceedings of the 5th International 
Symposium on Medicinal Chemistry. Amsterdam: Elsevier 
Scientific 1977 

Lederer, E., Adam, A., Ciorbaru, R., Petit, J. F., Wietzerbin, J.: Cell 
walls of mycobacteria and related organisms: chemistry and im- 
munostimulant properties. Molec. Cell. Biochem. 7, 87 (1975) 



226 A. G. Johnson et al.: Synthetic Immunoregulating Molecules 

Lederman, H., Tubergen, D., Cassidy, J., Johnson, A. G.: Regula- 
tion of the immune system by synthetic polynucleotides. VIII. 
Stimulation of human peripheral blood leucocytes (to be submit- 
ted 1977) 

Liacopoulos, P., Birrien, J. L., Bleux, C., Couderc, J.: Early recovery 
of the immune response of a specifically depleted cell population 
under the influence of water-soluble adjuvant. Rec. Res. Cancer 
Res. 47, 201 (1974) 

L6wy, I., Bona, C., Chedid, L.: Target cells for the activity of a 
synthetic adjuvant: murarnyl dipeptide. Cell. Immunol. 29, 195 
(1977) 

Mastrangelo, M. J., Berd, D., Bellet, R. E.: Critical review of pre- 
viously reported clinical trials of cancer immunotherapy with 
non-specific immunostimulants. Int. Conf. on Immunotherapy of 
Cancer. Southam, C. M., Friedman, H. (eds.). The New York 
Academy of Sciences 277, 94 (1976) 

Math+, G.: Active immunotherapy. Advanc. Cancer Res. 14, 1 
(1971) 

Mayer, G. D., Fink, B. A.: Bis-DEAE-fluorenone, an oral inducer of 
interferon. Fed. Proc. 29, 635 (1970) 

Megel, H., Raychandhuri, A., Goldstein, S., Kinsolving, C. R., She- 
mano, I., Michael, J. G.: Tilorone: its selective effect on humoral 
and cell-mediated immunity. Proc. Soc. exp. Biol. (N.Y.) 145, 
513 (1974) 

Merritt, K., Johnson, A. G.: Studies on the adjuvant action of bacte- 
rial endotoxins on antibody formation. VI. Enhancement of anti- 
body formation by nucleic acids. J. Immunol. 94, 416 (1965) 

Merser, C., Sinai, P., Adam, A.: Total synthesis and adjuvant activ- 
ity of bacterial peptidoglycan derivatives. Biochem. biophys. Res. 
Commun. 66, 1316 (1975) 

Micksche, M., Kokoschka, E. M., Sagaster, P., Bicker, U.: Clinical 
studies of BM 06002, a new immunostimulant drug. IRCS Med. 
Sci. 5, 192 (1977) 

Migliore-Samour, D., Joll6s, P.: A hydrosoluble adjuvant active my- 
cobacterial polysaccharide-peptidoglycan. Preparation by a sin- 
gle extraction technique of the bacterial cells (strain peurois). 
FEBS-Lett. 25, 301 (1972) 

Modolell, M., Luckenbach, G. A., Parant, M., Munder, P. G.: The 
adjuvant activity of a mycobacterial water-soluble adjuvant 
(WSA) in vitro. I. The requirement for macrophages. J. Immunol. 
113, 395 (1974) 

Morris, C. K. W., Johnson, A. G.: Regulation in the immune system 
by synthetic polynucleotides. VII. Suppressor cells induced by 
pretreatment with poly A : U (submitted for publication 1977) 

Munder, P. G., Weltzien, H. U., Modolell, M.: Lysolecithin analogs: 
a new class of immunopotentiators. Immunopathology VIIth Int. 
Symp. Miescher, P. A. (ed.), p. 411. Basel-Stuttgart: Schwabe 
and Co. 1976 

Nagai, Y.: Modulation of the immunologic response of myelin basic 
protein by extrinsic and intrinsic factors. Neurology (Minneap.) 
26, 45 (1976) 

Oettgen, H. F., Pinsky, C. M., Delmonte, L.: Treatment of cancer 
with immunomodulators: Corynebacterium parvum and levami- 
sole. Symposium on Immunotherapy in Malignant Disease. Med. 
Clin. N. Amer. 60, 511 (1976) 

Old, L. J., Clarke, D. A., Benacerraf, B.: Effect of Bacillus Calmette- 
Gu~rin infection on transplanted tumours in the mouse. Nature 
(Lond.) 184, 291 (1959) 

Paterson, P. Y., Drobish, D. G.: Adjuvanticity of synthetic polynu- 
cleotides for induction of experimental allergic encephalomyelitis 
in guinea pigs. J. Immunol. 113, 1942 (1975) 

Perloff, M., Holland, J. F., Lumb, G. J., Bekesi, J. G.: Effect of 
methanol extraction residues of Bacillus Calmette-Gubrin in hu- 
mans. Cancer Res. 37, 1191 (1977) 

Philips, F. S., Fleisher, M., Hamilton L. D., Schwartz, M. K., Stein- 
berg, S. S.: Polyinosinic-polycytidylic acid toxicity. In: Biological 
effects of polynueleotides. Beers, R. F., Braun, W. (eds.), p. 259. 
New York: Springer 1971 

Pouillart, P., Math6, G., Palangi6, T., Schwarzenberg, L., Huguenin, 
P., Morin, P., Gautier, M., Parrot, R.: Trial ofBCG immunother- 
apy in the treatment of resectable squamous cell carcinoma of the 
bronchus (stages I and II). Cancer Immunol. Immunother. 1, 271 
(1976) 

Raffel, S.: The components of the tubercle bacillus responsible for 
the delayed type of infectious allergy. J. infect. Dis. 82, 267 
(1948) 

Renoux, G., Renoux, M.: Effet immunostimulant d'un imidazothia- 
zole dans l'immunisation des souris contre l'infection par BruceI- 
la abortus. C.R. Acad. Sci. [D] (Paris) 272D, 349 (1971) 

Schmidtke, J. R., Johnson, A. G.: Regulation of the immune system 
by synthetic polynucleotides. I. Characterization of the adjuvant 
action on antibody synthesis. J. Immunol. 106, 1191 (1971) 

Schwab, J. H.: Suppression of the immune response by microorgan- 
isms. Bact. Rev. 39, 121 (1975) 

Specter, S., Friedman, H., Chedid, L.: Dissociation between the ad- 
juvant vs mitogenie activity of a synthetic muramyl dipeptide for 
murine splenocytes. Proc. Soc. exp. Biol. (N.Y.) 155, 349 
(1977) 

Stewart-Tull, D. E. S., Shimono, T., Kotani, S., Kato, M., Ogawa, 
Y., Yamamura, Y., Koga, T., Pearson, C. M.: Adjuvant activity 
of a non-toxic, water-soluble glycopeptide present in large quanti- 
fies in the culture filtrate of Mycobaeterium tubersulosis strain 
OT. Immunology 29, 1 (1975) 

Stupp, Y., Paul, W. E., Benacerraf, B.: Structural control of immu- 
nogenicity. II. Antibody synthesis and cellular immunity in re- 
sponse to immunization with mono-e-oligo-L-lysines. Immu- 
nology 21, 583 (1971) 

Sugimoto, M., Germain, R. N., Chedid, L., Benacerraf, B.: Enhance- 
ment of carrier-specific helper T-cell function by the synthetic 
adjuvant, N-acetylmuramyl-L-aianyl-I>isoglutamine (MDP) 
(submitted for publication 1977) 

Symoens, J.: Le 16vamisole, une chimioth6rapeutique antianergi- 
que. Luvain Med. 95, 383 (1976) 

Symoens, J., Rosenthal, M.: Levamisole in the modulation of the 
immune response: the current experimental and clinical state. J. 
Ret. Endo. Soe. 21, 175 (1977) 

Tanaka, A., Nagao, S., Saito, R., Kotani, S., Kusumoto, S., Shiba, 
T.: Correlation of stereochemically specific structure in muramyl 
dipeptide between macrophage activation and adjuvant activity. 
Biochem. biophys. Res. Commun. 77, 621 (1977a) 

Tanaka, A., Salto, R., Sugiyama, K., Morisaki, I., Kotani, S., Kusu- 
moto, S., Shiba, T.: Adjuvant activity of synthetic N-acetylmura- 
myl peptides in rats. Infect. Immun. 15, 332 (1977b) 

Toullet, F., Audibert, F., Chedid, L., Voisin, G. A.: Production d'une 
orchi~pididymite aspermatog6n&ique autoimmune (OAAI) chez 
le cobaye ~t l'aide d'un adjuvant hydrosoluble extrait de Myco- 
bacterium smegmatis. Ann. Immunol. (Paris) 125C, 901 
(1974) 

Toullet, F., Audibert, F., Voisin, G. A., Chedid, L.: Production d'une 
orchi6pididymite aspermatog~n&ique autoimmune chez le co- 
baye/t l'aide de diff~rents adjuvants hydrosolubles. Ann. Immu- 
nol. (Inst. Pasteur) 128C, 267 (1977) 

Vandenbark, A. A., Burger, D. R., Vetto, R. M.: Cell-mediated im- 
munity in experimental allergic encephalomyelitis. Cross reactiv- 
ity between myelin basic protein and mycobacteria antigens. 
Proc. Soc. exp. Biol. (N.Y.) 148, 1233 (1975) 

Weiss, D. W., Bonhag, R. S., de Ome, K. B.: Protective activity of 
fractions of tubercle bacilli against isologous tumours in mice. 
Nature (Lond.) 190, 889 (1961) 



A. G. Johnson et al.: Synthetic Immunoregulating Molecules 

Werner, G. H., Maral, R., Floc'h F., Jouanne, M.: Toxicological 
aspects of immunopotentiation by adjuvants and immunostimu- 
lating substances. Bull. Inst. Pasteur 75, 5 (1977) 

Westphal, O., Fischer, H., Munder, P. G.: Adjuvanticity of lysoleci- 
thin and synthetic analogues. 8th Int. Congr. Biochem. Interla- 
ken, p. 319 (1970) 

White, R. G.: The adjuvant effect of microbial products on the im- 
mune response. Ann. Rev. Microbiol. 30, 579 (1976) 

White, R. C., Jollbs, P., Samour, D., Lederer, E.: Correlation of 
adjuvant activity and chemical structure of wax D fractions of 
mycobacteria. Immunology 7, 185 (1964) 

Yamamura, Y., Azuma, I., Taniyama, T., Sugimura, K., Hirao, F., 
Tokuzen, R., Okabe, M., Nakahara, W., Yasumoto, K., Ohta, 
M.: Immunotherapy of cancer with cell wall skeleton of Myeo- 
bacterium boris-Bacillus Calmette-Gu~rin: experimental and clin- 
ical results. Int. Conf. on Immunotherapy of Cancer. Southam, 
C. M., Friedman, H. (eds.). The New York Academy of Sciences 
277, 209 (1976a) 

Yamamura, Y., Azuma, I., Sugimura, K., Yamawaki, M., Uemiya, 

227 

M., Kusumoto, S., Okada, S., Shiba, T.: Adjuvant activity of 
6-O-mycoloyl-N-acetylmur amyl-L-alanyl-D-isoglutamine. Gann 
67, 867 (1976b) 

Yron, I., Weiss, D. W., Robinson, E., Cohen, D., Adelberg, M. G., 
Mekori, T., Haber, M.: Immunotherapeutic studies in mice with 
the methanol extraction residue (MER) fraction of BCG. Studies 
with solid tumors. Nat. Cancer Inst. Monogr. 39, 33 (1973) 

Zbar, B., Berstein, I. D., Rapp, H. J.: Suppression of tumor growth 
at the site of infection with living bacillus Calmette-Gu~rin. J. nat. 
Cancer Inst. 46, 831 (1971) 

Zbar, B., Berstein, I., Tanaka, T., Rapp, H. J.: Tumor immunity 
produced by the intradermal inoculation of living tumor cells and 
living Myeobacterium boris (strain BCG). Science 170, 1217 
(1970) 

Zbar, B., Rapp, H. J., Ribi, E.: Tumor suppression by cell walls of 
Mycobaeterium boris attached to oil droplets. J. natl. Cancer 
Inst. 48, 831 (1972) 

Received December 14, 1977 


