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Abstract-B-16 melanoma-bearing mice received intravenously 07 intratumorally 
one or multiple injections of peptidoglycan monomer (PGM) derived from 
Brevibacterium divaricatum cell wall. Multiple injections of this non-toxic, water- 
soluble, low-molecular-weight peptidoglycan reduced the growth rate of tumor 
nodule on the leg, but did not significantly prolong the survival of tumor-bearing 
mice. One milligram of PGM administered 3 or 7 days after tumor inoculation 
inhibited formation of pulmonary metastases, induced either by intravenous 
injection of malignant cells orseededspontaneously from tumor nodules in the legs 
before amputation. The inhibition reached about 50% of control values in saline- 
treated mice. Addition of PGM to in vitro cultures of B-16 melanoma cells did not 
change their growth rate. Thephagocyticactivity in the lungs, but not in thespleen 
and liver, was significantly augmented 3 and 7 days after treatment with PGM. 
These data indicate that the antimetastatic potency of PGM is probably due to 
activation of local (pulmonary) macrophages, and not due to direct cytotoxic effects 
on B-16 melanoma cells or to activation of systemic antineoplastic defence. 

INTRODUCTION 

IMMUNOTHERAPY of malignant tumors with 
whole bacteria, like BCG or C.pan/um, although 
effective in many instances entails significant 
side-effects. Bacterial cell walls, or fragments 
thereof, induce impressive cure rates in animals 
bearing experimental tumors [l-3], but have to be 
administered in oil; this requirement obviously 
limits clinical use of such preparations. Therefore 
a smaller component(s) of whole bacteria that 
would be non-toxic, possibly soluble in water and 
still with good antitumor effect was looked for. In 
this respect peptidoglycans from the bacterial cell 
walls are of particular interest. 

Here we report about antimalignant effective- 
ness of peptidoglycan monomer (PGM), a non- 
toxic, water-soluble, low-molecular-weight pep- 
tidoglycan. PGM is a disaccharide-pentapeptide 
with a well-defined structure: GlcNac-MurNac-L- 
Ala-rr-iso-Gln-meso-diaminopimelic acid-D-Ala- 
D-Ala [4,5]. Previous studies have shown its in 
uiuo immunostimulating activity [6,7]. That led 
us to test for a possible antimalignant effect of the 
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treatment with this peptidoglycan, using mice 
with B-16 melanoma as the experimental model. 
In this model the local tumor growth rate and 
metastases formation could be easily followed. 
Since the antimalignant effect of bacterial 
immunostimulators is most often attributed to 
the activation of macrophages [8-lo], the 
phagocytic activity (local in the lungs and 
systemic in the spleen and liver) was tested in 
animals treated with PGM and compared with 
animals receiving no PGM. 

MATERIALS AND METHODS 

Mice 
Highly inbred mice of G57BL/H strain, 4-5 

months old, were used. They were kept in 
standard plastic cages, fed with standard mouse 
food pellets and given water ad l&turn. 

Peptidoglycan monomer (PGM) 
This was obtained by lysozyme digestion of 

uncross-linked peptidoglycan chains isolated 
from culture fluids of penicillin-treated Brevi- 
bacterium divuricutum NRRL-2811 [4,5]. Imme- 
diately before administration by intravenous or 
intratumoral route PGM was dissolved in saline 
to make a 0.5% solution. 
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B-16 melanoma 
This tumor has been maintained in our 

department for several years by successive 
subcutaneous transplantations. Single-cell sus- 
pensions of the melanoma were prepared by 
mincing the tumor tissue with scissors, forcing 
the brei through a nylon sieve and finally flushing 
the suspension through a thin-gauge needle. After 
subcutaneous transplantation of 4 X lo6 cells into 
the thigh tumors appear in all recipients, 
which-if untreated-die in 30-50 days. The 
increase of the average diameter (mean of 2 
perpendicular measurements) was used as a 
measure of the tumor growth rate. 

Lung metastases 
(a) Induced metastases. Mice received intra- 

venously 2 X IO5 melanoma cells and were killed 
21 days later. Their lungs were excised and fixed 
in Bouin’s fluid to allow easy detection of 
malignant nodules on the lung surface. 

(b) Spontaneous metastases. Mice received 
4 X lo6 melanoma cells subcutaneously and 12 
days later, when the tumor nodule was 0.8-l .O cm 
in diameter, the tumor-bearing leg was ampu- 
tated. The animals were killed 28 days after 
melanoma inoculation and the pulmonary 
metastases were counted. 

Phagocytosis assay 
To assay the phagocytic activity in the spleen, 

liver and lungs, the uptake of intravenously 
injected 5’Cr-labeled sheep erythrocytes was 
determined. Red cells (2 X lo*), labeled as 
described in [Ill, were injected into mice treated 
with PGM or saline 1, 3 or 7 days before. Two 
hours later the animals were killed and the 
radioactivity of the organs was determined in a 
gamma-scintillation counter. 

In vitro cultures 
The procedure for setting up the primary cell 

culture was the same as described in [12]. 
Melanoma cells were grown in RPM1 1640 
medium (Gibco, New York) supplemented with 
10% fetal calf serum. Experiments were per- 
formed with cultures between the 3rd and 5th 
passages. L929 cells were grown in MEM 0011 
medium (Eurobio, Paris) supplemented with 10% 
fetal calf serum. Cells were incubated at 37°C in 
humidified atmosphere containing 3% C02. 

In vitro cytotoxic activity of PGM was assessed 
by determining the ability of treated cells for 
clonal growth. Three thousand melanoma cells 
(plating efficiency about 4.5%) or 2.5 X IO* L929 
cells (plating efficiency about 70%) were seeded in 
plastic dishes andallowed to attach overnight. On 
the following day the cells were exposed to PGM 

dissolved in growth medium in the final 
concentration of 1.7, 17 or 50 pg/ml. Half of the 
cultures were incubated for 1 hr with PGM, 
washed twice with PBS and re-fed with fresh 
medium. The other half of thecultures were left in 
continuous contact with PGM. Colonies formed 
after 12 days of incubation were counted and the 
cytotoxic activity calculated. 

Statistics 
Differences between the results in experimental 

and in control groups of mice were evaluated by 
the t test or by the non-parametric Mann-Whitney 
U test. 

The level of significance was set at 5% or less 
(P < 0.05). 

RESULTS 

Effects of intravenous administration of 1 mgof 
PGM on the survival of B-16 melanoma-bearing 
mice and on the growth rate of the tumor nodule 
are shown in Fig. 1. Repeated intravenous 
injections of PGM prolonged the survival of mice 
for a few days only (statistically not significant), 
but the tumor growth rate was significantly 
retarded. Likewise, intratumoral injections of 
PGM marginally prolonged the survival time of 
melanoma-bearing animals, although the tumor 
growth rate was again evidently slowed down 
(Fig. 2). 
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Fig. 1. Growth rate ojsubcutaneous B-16 melanoma nodules 
and survival time of tumor-bearing mice treated with PGM 
intravenously. There were 8-10 mice per group. Dose of 

PGM = 1.0 mg. 

Effects of PGM treatment on the metastases 
formation were more impressive. Even one 
injection of 0.6 mg of PGM given 3 days after 
intravenous inoculation of melanoma cells 
reduced the number of induced pulmonary 
metastases to about 50% of the control value 
(Table 1). Multiple injections were not more 
effective than a single injection. 

In animals with spontaneous metastases seeded 
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Fig. 2. Growth rate of subcutaneous B-16 melanoma nodules 
and survival time of tumor-bearing mice treated with PGM 
intratumorally. There were 8 mice per group. Dose of 

PGM = 1.0 mg. 

from local tumor before its ablation, treatment 
with PGM 3 or 7 days after tumor implantation 
evidently reduced the number of pulmonary 
metastases (Table 2). Again, multiple injections 
of PGM were not superior to single-dose 
treatment. Treatment with PGM reduced the 
number of metastases only if administered early 
after tumor transplantation (3-7 days), while late 
administration (day 14) seemed to increase the 
number of metastases. 

In order to test whether PGM causes direct toxic 
effects on melanoma cells and cultured fibro- 
blasts, PGM was added in various concentrations 
to in vitro cultures of B-16 melanoma and of L929 
cells. Even in maximal concentration (50 pg/ml), 
PGM did not reduce the growth potential of 
melanoma cells by more than 10% (Table 3). 
Lower concentrations of PGM in the culture 
medium, which could be compared with the doses 
effective in viva, did not suppress the growth 
capacity of melanoma cells at all. L929 fibroblasts 
were even more resistant to PGM. 

Finally, we assayed the phagocytic activity in 
the lungs, spleen and liver of mice injected 
intravenously with PGM 1,3 or 7 days before the 
assay. As can be seen in Table 4,1 day after PGM 
treatment there was no significant reduction, but 
3 and 7 days after there was a significant increase 
in the phagocytic activity in the lungs. The 
phagocytosis in the spleen, as well as in the liver, 
remained practically unchanged after PGM 
injection. 

DISCUSSION 
The peptidoglycan monomer (PGM) used in 

this study belongs to a group of low-molecular- 
weight peptidoglycans, the most well-known 
representative of which is muramyl-dipeptide 

Table 1. Number of induced pulmonary metastases of B-16 melanoma in 
mice treated with PGM intravenously 

Expt Treatment 

Saline 

1 
PGM, 0.3 mg 
PGM, 0.6 mg 
PGM, 1.2 mg 

Saline 

2 
PGM, 0.3 mg 
PGM, 0.6 mg 
PGM, 1.2 mg 

Day 
No. of 
mice 

3 10 
3 12 
3 8 
3 10 

3.7 and 10 10 9-29 19.7 100 
3, 7 and 10 12 12-22 15.3 78 
3, 7 and 10 12 6-13 9.28 47 
3, 7 and 10 10 7.-18 12.4’ 63 

No. of metastases per mouse 
Range x % 

16-21 22.6 100 
13-30 20.6 91 
5-19 11.7’ 52 
6-18 12.0: 53 

*P < 0.05. 

Table 2. Number of spontaneous metastases of B-16 melanoma in mice 
treated with PGM intravenously 

No. of No. of metastases per mouse 
Expt Treatment Day mice Range x % 

Saline 3, 7 and 10 10 3-19 7.8 100 
1 PGM, 0.3 mg 3, 7 and 10 10 1-15 3.4* 44 

PGM, 0.6 mg 3 10 o-5 2.5* 32 
PGM, 1.2 mg 3 10 l-7 3.6* 46 

Saline 7 and 14 12 4-9 4.8 100 
PGM, 0.3 mg 7 and 14 12 l-5 3.2 67 

2 PGM, 0.6 mg 7 12 l-3 2.0’ 42 
PGM, 0.6 mg 14 12 1-13 7.3 152 
PGM, 1.2 mg 14 8 5-18 8.2 170 

??P < 0.05. 
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Table 3. Clonal growth of B-16 melanoma and L929 
cell cu1tdre.s in the presence of PGM 

Exposure Dose of PGM Clonal growth (%) 
to PGM (Ccgiml) B-16 melanoma L929 

0 (control) 100 100 
1 hour 1.7 98 99 

17 97 95 
50 90 94 

0 (control) 100 100 

Continuous 1 i” 
98 100 
96 100 

50 97 99 

(MDP). MDP has been tested for antimalignant 
activity in various animal tumor models. Mouse 
macrophages treated with MDP in uitro acquired 
enhanced cytotoxic effectiveness against malig- 
nant cells [IS, 141. However, in uiuo MDP proved 
to be active only if administered admixed to 
trehalose dimycolate [15,16] or incorporated into 
liposomes [17]. Compared to this, our PGM 
administered without any additive showed: (a) a 
modest effect against local tumor (significant 
inhibition of the nodule growth rate, marginal 
prolongation of the survival of tumor-bearing 
animals); and (b) evident inhibition of induced 
and spontaneous pulmonary metastases. In a very 
similar experimental model (follow-up of the 
appearance of spontaneous pulmonary metastases 
in B-16 melanoma-bearing mice) treatment with 
MDP was ineffective [17]. This difference could 
be, perhaps, explained by the differences in 
biochemical structure of MDP and PGM. PGM is 
a larger molecule having one sugar (N- 
acetylglucosamine) and three amino acids (meso- 
diaminopimelic acid and two molecules of D- 

alanine) more than MDP. 
Our in vitro studies suggest that PGM did not 

inactivate or kill B-16 melanoma cells directly. It 
was not toxic for L929 cells either. In addition, 
PGM added to in uitro cultures of lymphocytes 
did not influence the survival of these otherwise 
sensitive and fragile cells [18]. However, it should 
be kept in mind that like many solid tumors, B-16 
melanoma comprises many different cell popula- 
tions, especially regarding their capacity to form 
metastases [19]. In vitro, perhaps, only the most 
resistant cells acquire the ability to grow and such 
cells may be resistant to PGM as well. These cells 
might be quite different from the cells that form 
pulmonary metastases in viva. 

Nevertheless we prefer to correlate the observed 
antimetastatic effect of PGM treatment with 
activation of local, pulmonary macrophages. 
This view is supported by the finding of enhanced 
phagocytosis in the lungs of PGM-treated mice. 
Macrophages suppress formation of pulmonary 
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metastases in general [20,21] and formation of B- 
16 melanoma metastases in particular [22]. 
Absence of activation of splenic and liver 
macrophages at the same time when the 
pulmonary macrophages were stimulated was an 
unexpected finding. After intravenous injection 
PGM is very rapidly excreted from the organism, 
partly unchanged, and partly split into sugar and 
peptide moieties [23], but lungs, as the first 
capillary bed receiving intravenously inoculated 
material, are likely to receive a major portion of 
the original material. This might be one reason 
why splenic and hepatic macrophages were not 
stimulated with PGM. Another possibility would 
be that pulmonary macrophages are more 
susceptible to activation by bacterial peptido- 
glycans, but we have no data in support of this 
speculation. 

Besides macrophages, natural killer (NK) cells 
might also be targets for PGM action. NK cells are 
involved in destruction of blood-borne B-16 
melanoma metastases [24], and peptidoglycans 
like MDP activate NK cells in C57BL mice, the 
animals in which this tumor grows [25]. 

Our finding that only one injection of PGM 
was sufficient to suppress the appearance of 
metastases while additional injections did not 
considerably improve this effect might contradict 
the finding that in vitro activation of macro- 

phages with MDP was significantly higher after 
repeated contact with this peptidoglycan [26]. We 
believe that our result simply indicates particular 
sensitivity of early steps in metastasis formation to 
the action of activated macrophages, while later 
steps are less sensitive. This time-dependence was 
shown in the treatment of Lewis lung carcinoma 
metastases by C. paruum [27]. 

Many data stress the importance of the route of 
administration of bacterial immunoadjuvants in 
the therapy of tumors. For effective treatment of 
pulmonary metastases, BCG cell walls have to be 
administered intravenously, while trehalose 
dimycolate (a glycolipid from bacterial cell walls) 
was most effective if administered intraperitone- 
ally [28]. Antimetastatic potential of BCG cell 
walls could be correlated with granuloma 
formation in the lungs, and the activity of 
trehalose could be connected with systemic 
activation of the antitumor resistance. Our PGM 
inhibits metastasis formation only after intra- 
venous administration and, according to the data 
presented in this paper, probably by activating 
local pulmonary resistance to metastasis 
formation. 

Acknowledgement-The authors thank R. Naumski from 
“Pliva”, Pharmaceutical and Chemical Works, Zagreb, for 
their donation of PGM. 

REFERENCES 

1. ZBAR B, RIBI E, MEYER T, AZUMA I, RAPP H. Immunotherapy of cancer: regression of 
established intradermal tumors after intralesional injection of mycobacterial cell walls 
attached to oil droplets. J Nat1 Cancer Znst 1974,52, 1571-1577. 

2. PIMM MV, BALDWIN RW, POLONSKY J, LEDERER E. Immunotherapy of an ascitic rat 
hepatoma with cord factor (trehalose-6,6’dimycolate) and synthetic analogues. Int J 
Cancer 1979,24, 780-785. 

3. YARKONI E, RAPP HJ. Tumor regression after intralesional injection of mycobacterial 
components emulsified in 2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-teuacosahexaene 
(squalene) 2,6,10,15,19,2%hexamethyltetracosane (squalane), peanut oil or mineral 
oil. Cancer Res 1979,39, 1518-1520. 

4. KEGLEVIC D, LADESIC B, HADZIJA 0, TOMASI~ J, VALINGER Z, POKORNY M. Isolation 
and study of composition of peptidoglycan complex excreted by the biotin-requiring 
mutant of Brevibacterium divaricatum NRRL-2311 in the presence of penicillin. EurJ 
Biochem 1974,42, 389-400. 

5. KEGLEVI~: D, LADES& B, TOMA?& J, VALINCER Z, NAUMSKI R. Isolation procedureand 
properties of monomer unit from lysozyme digest of peptidoglycan complex excreted 
into the medium by penicillin-treated Brevibacterium divaricatum mutant. Biochim 
Biophys Acta 1979,585,273-281. 

6. HRSAK I, TOMASIC J, PAVELI~ K, VALINCER Z. Stimulation of humoral immunity by 
peptidoglycan monomer from Brevibacterium diuaricatum. ZZmmunitaetsforsch 1979, 
155, 312-318. 

7. HRSAK I, NOVAK D, TOMASIC J. Immunostimulating activity of peptidoglycan 
monomer (PGM) on in viva primary response to sheep erythrocytes, Salmonella 
typhimurium and Newcastle disease virus. Period Biol 1980, 82, 147-151. 

8. SCHULTZ RM, PAPAMATHEAKIS JP, LEUTZELER J, CHIRIGOS MA. Association of 
macrophage activation with antitumor activity by synthetic and biological agents. 
Cancer Res 1977,37,3338-3343. 



686 I. Hrs’ak, J. Toma% and M. Osmak 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

OGURA T, NAMBA N, HIRAO F, YAMAMURA Y, AZUMA I. Association of macrophage 
activation with antitumor effect on rat syngeneic fibrosarcoma by Nocardia rubra cell 
wall skeleton. Cancer Res 1979, 39, 4706-4712. 
SONE S, FIDLER IJ. Activation of rat alveolar macrophages to the tumoricidal statein the 
presence of progressively growing pulmonary metastases. Cancer Res 1981, 41, 
2401-2406. 
HRSAK I, MAROTTI T. Mode of immunosuppressive action of Ehrlich ascitic fluid. J Nut1 
Cancer Znst 1974, 53, 1113-l 119. 
DENDY PP. Culture of solid specimen. In: DENDY PP, ed. Human Tumours in Short- 
term Culture. New York, Academic Press, 1976, 24-27. 
JUY D, CHEDID L. Comparison between macrophage activation and enhancement of 
nonspecific resistance to tumors by mycobacterial immunoadjuvants. Proc Nut1 Acud 
Sci USA 1975, 72, 4105-4109. 
TANIYAMA T, HOLDEN HT. Direct augmentation of cytolytic activity of tumor-derived 
macrophages and macrophage cell lines by muramyl dipeptide. Cell Immunoll979,48, 
369-374. 
MCLAUGHLIN CA, SCHWARTZMAN SM, HORNER BL et al. Regression of tumors in 
guinea pigs after treatment with synthetic muramyl dipeptides and trehalose 
dimycolate. Science 1980, 208, 415-416. 
YARKONI E, LEDERER E, RAPP HJ. Immunotherapy of experimental cancer with a 
mixture of synthetic muramyl dipeptide and trehalose dimycolate. Znject Zmmunol 
1981, 32, 273-276. 
FIDLER IJ, SONE S, FOCLER WE, BARNES ZL. Eradication of spontaneous metastases 
and activation of alveolar macrophages by intravenous injection of liposomes 
containing muramyl dipeptide. Proc Nut1 Acud Sci USA 1981, 78, 1680-1684. 
HRSAK I, TOMASI~ J, PAVELI~ K, BENKOVI~ B. On the mechanism of 
immunostimulatory activity of monomeric peptidoglycans. Period Biol 1979, 81, 
155-157. 
RDLER IJ, KFUPKE ML. Mestastasis results from preexisting variant cells within a 
malignant tumor. Science 1977, 197, 893-895. 
JONES PD, CASTRO JE. Immunological mechanism in metastasis spread and the 
antimetastatic effects of C. Parvum. Br J Cancer 1977,35, 519-527. 
LIO?TA LA, GATTOLZI C, KLEINERMAN J, SAIDEL G. Reduction of tumor cell entry into 
vessels by BCG-activated macrophages. Br J Cancer 1977, 36, 639-641. 
HDLER IJ. Inhibition of pulmonary metastases by intravenous injection of specifically 
activated macrophages. Cancer Res 1974,34, 1074-1078. 
TOMASI~ J, LADESI~ B, VALINGER Z, HRSAK I. The metabolic fate of 14C-labeled 
peptidoglycan monomer in mice. I. Identification of the monomer and the 
corresponding pentapeptide in urine. Biochim Biofrhys Actu 1980,629, 77-82. 
HANNA N, FIDLER IJ. Role of natural killer cells in the destruction of circulating tumor 
emboli. J Nut1 Cancer Znst 1980,, 65, 801-809. 
SHARMA SD, TSAI V, KRAHENBUHL JL, REMINGTON JS. Augmentation of mouse 
natural killer cell activity by muramyl dipeptide and its analogs. Cell Zmmunol 1981, 
62, 101-109. 
MATTER A. The effects of muramyl dipeptide (MDP) in cell-mediated immunity. A 
comparison between in vitro and in uivo systems. Cancer Zmmunol Zmmunother 1979, 
6, 201-210. 
SADLER TE, CASTRO JE. The effects of Corynebucterium fxxruum and surgery on Lewis 
lung carcinoma and its metastases. Br J Surg 1976, 63, 292-296. 
SUKUMAR S, HUNTER JT, YARKONI E, RAPP HJ, ZBAR B, LEDERER E. Efficacy of 
mycobacterial components in the immunotherapy of mice with pulmonary tumor 
deposits. Cancer Zmmunol Zmmunother 1981, 11, 125-129. 


