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The demonstration that suspen
sions of heat-killed whole cells of 
anaerobic corynebacteria are 
capable of stimulating the natural 
defenses of an organism has aroused 
great interest during the two last 
decades. However, it is possible that 
the complexity of the intact bacte
rial cell might obscure the interpre
tation of experimental data. 
Furthermore, the high probability 
that administration of whole bac
terial cells to man would elicit un
toward reactions could limit their 
use in human therapy. As a result, 
many recent investigations have 
been aimed at isolating fractions 
from whole bacterial cells which 
would exhibit either all or only 
some of the immunostimulating 
activities of the intact cell. Most 
work in this field has been concen
trated on attempts to obtain water
soluble fractions, as well as frac
tions which would be possible to 
synthesise chemically. Considerable 
achievements have already been 
attained. In general, my~obacteria 
have been used for fractionation, 
while only a few fractionation 
studies have involved anaerobic 
corynebacteria. With anaerobic 
corynebacteria, fractionation has 
been carried out exclusively on C 
pan'um. For our own investiga
tions, we have used C granulosum 
for the following reasons. 

In the genus "anaerobic Coryne
bacterium" a strain belonging to 
one particular species may be 
active, whereas another strain of 
the same species may be inactive. In 
addition, an active strain may lose 
spontaneously its original reticulos
timulating activity. A systematic 
study over a period of several years 
regarding the immunostimulating 
capacity of strains belonging to 
various species of anaerobic coryne
bacteria showed us l that a strain of 
C. granulosum (strain No. 5196) 
had preserved its reticulostimulat
ing activity, whereas strains of C 
anaerobium and C. parvum had lost 
practically all of their initial activi
ty. Therefore, strain No. 5196 of 
C. granulosum was chosen for our 
studies. 

This strain of C. granulosum was 
found to stimulate strongly the re
ticuloendothelial system (RES),l to 
protect mice against infection with 
E. coli 111 B4 and to accelerate the 
clearance of E. coli III B4 from 
the blood stream,2 and to increase 
significantly the phagocytic activity 
of rat circulating leukocytes the 
phagocytic activity of which had 
been strongly impaired by extensive 
thefJllal injury of the skin surface 
of the rats. 3 The C granulosum sti
mulation also resulted in a high in
crease of the complement activity 
of sera from thermally injured rats.4 

,~ 

C granulosum can also substitute 
for mycobacteria in Freund's com
plete adjuvant to induce a delayed
type hypersensitivity (DTH) reac
tion to the simple chemical: azo
benzene -arsonate- N -acetyl-tyrosine 
(ABA-TYR). S The production of 
antibodies directed to sheep red 
blood cells (SRBC) was also strong
ly enhanced. s Furthermore, C gra

3. . P

nulosum was f0und to inhibit the 
growth of various experimental 
grafted tumours: Ehrlich tumour,2 
mouse L 1210 leukaemia and Friend 
leukaemia. s 

Cell walls were isolated from 
whole cells of C granulosum by 
using various treatments which re
suI ted in either partly purified cell 
walls or purified cell walls. 5,6 The 
cell wall preparations thus obtained 
were found to exhibit biological 
activities close to those of the 

-),'whole cells but, on a weight basis, 
cell wall preparations were not 
more active than whole cells. It is 
also interesting to note that the in
jection of C granulosum cell walls 
and SRBCs resulted in two peaks of 
antibody response to SRBCs, one 
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on day 14 and the other on day 
28 .5 Thus, it appeared to us that 
active fractiol}s could be isolated 
from anaerobic corynebacteria. 

Migliore-Samour et ar reported 
on the isolation of a water-soluble 
fraction from C. parvum which ex
hibited strong adjuvant activity. 
These investigators fractionated 
whole cells of C. parvum by a tech
nique which they had successfully 

. used J~ fractionate mycobacterial 
cells. However, when we applied 

? I; their technique for the fractiona

~ 

~' 

tion of C. granulosum whole cells, 
we recovered the immunostimulat
ing activities in a particulate frac
tion which we designated as P40 
fraction. Here we report on the pre
paration of this fraction, its partial 
chemical characterisation and its 
main biological activities. We also 
include the initial results which 
have been obtained with the P40 
fraction in clinical trials. Charac
teristics of P40 are represented in 
Table 1. 

t Production of large quantities of 
C. granulosum whole cells 

C. granulosum bacteria were cul
tivated in fermentors in volumes of 
300 or 700 litres. The medium 
consisted of liver-meat broth 
supplemented with 4 g of yeast
extract (DIFCO), 2.5 g of NaCl and 
109 of glucose per litre of medium. 
The pH was adjusted to 7.2-7 j. 
Cultures were incubated in a nitro
gen atmosphere at 37·C and bacte
ria were harvested in a Sharples 
centrifuge (Type MV l2-RV 5 PI) 
after 48-72 hours. The bacteria 
were washed three times with saline 
and resuspended in saline before 
being heated in a water bath at 
60·C for one hour. The biological 
activity of various batches was 
found to be quite comparable.8 

Preparation of P40 fraction 

Fractionation of C. granulosum 
bacteria was carried ou t on the 
delipidated cells as represented 
schematically in Figure 1. Delipi

"f I\'dation was performed according to 
the method of Aebi et al. 9 The deli

pidated bacteria were disintegrated 
mechanically with the aid of an 
Omni-Mixer and were centrifuged 
at low speed to remove intact 
bacteria and large bacterial debris. 
The supernatant .was subsequently 
fractionated with (NH4)2 S04 and 
the fraction precipitated at 40 per 
cent saturation was harvested and 
dialysed exhaustively with distilled 
water. The dialysate was lyophilised. 
This fraction was designated as P40 
fraction. The P40 fraction batches 
which resulted from the processing 
of different lots of C. granulosum 
whole cells exhibited comp.arable 

biological activities, indicating that 
the procedure was reproducible. 

As calculated from the dry 
weight of delipidated bacterial cells, 
the P40 fraction was recovered with 
a yield in the range of 30 per cent. 8 

Main physico-chemical characteris
tics of P40 fraction 

P40 fraction is insoluble. Exa
mination under the electron micro
scope shows that its structure re
sembles pieces of bacterial cell wall 
(Fig. 2). All attempts to degrade it 
into a soluble derivative were un
sucessful. These attempts included 

Table 1 Immunomodulator P40: 

1. Accelerates CLEARANCE of carbon particles and pathogenic agents 

2. Increases RESIST ANCE to infections 

3. Enhances ANTIBODY production 

4. Restores IMMUNE CAPACITY 

S. Induces DELAYED HYPERSENSITIVITY 

6. Inhibits or delays TUMOUR GROWTH 

FERMENTOR 
I 

Corynebacterium granulosum 5196 
I 

Wash 
I 

Heat 60·C 
I 

WHOLE CELLS 
I 

Delipidate 

I 
Disintegrate 

I e,nrg. ------(WH-.-O-L-E-C-E~:~M:::GE DEBRlS) 

SUPERNATANT 
I 

Heat 80·C 
I 

Precipitate with (N~)2 S04 at 40% saturation 
I 

Centrifuge -----------, SEDIMENT 
, I 

SUPERNATANT Dialyse 
I 

Freeze-dry, 
P40 FRACTION 

Fig. 1 Preparation of P40 fraction 
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Fig. 2 Electron microscopic appearance of P40 fraction (magnification x 60 ,000) 



147 \» C. GRANULOSUM-DERIVED IMMUNOMODULATOR P40 

enzymatic degradation with pro
nase, lysozyme, trypsin, chymo
trypsin, RNase and DNase used 
either separately or sequentially. 
Chemical reagents such as 0.1 
NaOH, 9% HCOOH, or 1% SDS or 
6M guanidine in the presence or in 
the absence of 1% 2-mercaptoetha
nol were also ineffective in degrad
ing P40 fraction. Therefore, it ap
pears that the P40 fraction has a 
rigid, compact structure within 
which the bonds sensitive to break
down by enzymes and chemical 
reagents are inaccessible. This also 
explains why a water suspension of 
the P40 fraction can be autoclaved 
at 120'C for 20 minutes without 
impairment of its immunostimulat
ing activity. Consequently, suspen-

Table 2 	 Chemical composition of P40 
fraction 

Amino acids 
g/100 g P40 
(Dry weight) 

q His 1.69 

Lys 3.11 

Arg 3.09 

Asp 3.71 

Thr 1.97 

Ser 1.37 

Glu 6.34 

Pro 1.09 

Ala 3.38 

Gly 3.31 

Cys 0.30 

Val 2.88 
I .~ Met 1.10 

lIe 1.79 

Leu 3.04 

Tyr 0.91 

Phe 2.15 

Try 1.07 

Total 42.30 

Dap 3.23 

Neutral sugars 13.67 
Hexosamines 10.09 

Muramic acid 10.38 

Ash 0.83 
~~ 

Total 80.40 

sions of the P40 fraction can be 
sterilised by autoclaving, which eli
minates the necessity to add 
formaldehyde which is necessary in 
whole-cell suspensions.8 

As summarised in Table 2, P40 
fraction is composed of all the 
amino acids which are usually pre
sent in proteins, as well as diami
nopelemic acid, muramic acid, and 
neutral and amino sugars. On a 
weight basis, the composition 
accounts for about 80 per cent of 
the P40 fraction. The missing 20 
per cent could have been lost by 
destruction of the amino acids or 
sugar residues, or both during acid 
hydrolysis of the fraction since the 
simultaneous presence of amino 
acids and sugar residues can result in 
losses of either one by formation of 
complexes during glycoprotein 
hydrolysis. 

Table 2 also shows that glutamic 
acid, glycine, aspartic acid, and 
alanine are the major amino acids . 
Large amounts of neutral sugars 
and hexosamines were also present. 
The neutral sugars identified were 
glucose, galactose, mannose and 
ribose and the hexosamines were 
glucosamine and galactosamine, 
which are present in a molar ratio 
of 7 to ~. The presence of both 
diaminopimelic acid and muramic 
acid indicates that the P40 fraction 
is derived, at least in part, from the 
bacterial cell wall. 8 

It is hard to provide a clear inter
pretation of the analytical results. 
Because the P40 fraction is insolu
ble, standard procedures cannot be 
used to try to resolve its possible 
complex nature . Therefore, we are 
not yet in a position to decide 
whether the P40 fraction comprises 
only one molecular entity or a 
mosaic of separate molecular enti
ties, which would be associated in a 
highly stable structure. However, 
the presence of diaminopelemic 
acid and muramic acid is consistent 
with the existence of a peptidogly
can-like structure in P40. To con
firm this assumption, it would have 
to be shown that diaminopelemic 
acid is present as its L, L-isomer. In 

the light of our present knowledge, 
we may speculate that the P40 frac
tion is likely to consist of the asso
ciation of the cell-peptidoglycan 
and a glycoprotein. 

Biological activities of the P40 frac
tion 

a) Stimulation of the reticuloen
dothelial system: 

Like C. granulosum whole cells, 
the P40 fraction was found to be a 
potent activator of RES. It is cap
able of increasing both granulope
xic capacity (carbon clearance test) 
and phagocytic activity (enhanced 
resistance to infections with viru
lent bacteria). The granulopexic 
activity of P40 as expressed by the 
KIKo index (namely, by the ratio 
of the activity measured in stimu
lated mice to that measured in con
trol non-stimulated mice) attained 
its maximum value about 6-7 days 
after stimulation with the P40 frac
tion. A mean value of 4 was found 
for the KIKo index of various P40 
batches. The increase in granulo
pexic activity is not correlated with 
the increase in weigh t of both spleen 
and liver; in fact, the spleen and 
liver continued to grow after the 
granulopexic capacity had returned 
to normal values?,8 

The P40 fraction is also cap
able of enhancing the phagocytic 
and bactericidal activities of macro
phages as is evidenced by increased 
resistance of mice to infection 
with weakly virulent bacteria (E. 
coli III B4, P. Lallouett~ et al)2 
and with strongly virulent bacteria 
such as L. monocytogenes that de
velops intracellularly (Fig. 3). The 
increase of the bactericidal activity 
of macrophages from mice stimulat
ed with P40 is also correlated with 
the potentiation of their enzymatic 
activities (K. Masek : personal com
munication). 

The preventive effect of P40 on 
the experimental E. coli infection 
of the upper and lower urinary 
tract was investigated in rats. 10 

Two-thirds of the rats infected by 
the lower rou te were protected 
against the infection. Under our 
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Fig. 3 L. monocytogenes (l,6 LDso) 

conditions, the bacteriological pic
ture of the infection of rats, which 
were infected by the upper route, 
was only sligh tly influenced bu t the 
development of nephropathia was 
significantly decreased. 

b) Effect on antibody produc
tion: 

The ability of P40 to enhance 
the production of antibodies in 
mice in response to an i.v. injection 
of sheep red blood cells (SRBC) in 
saline showed that the adjuvant 
effect of P40 was maximum at 
250 IJ.g per mouse when injected 
seven days before the SRBC stimu
lus. Furthennore, the antibody 
level was at its peak about 6-7 days 
after the SRBC stimulus was given. 
For the experiments, a dose of 
SRBC was chosen that elicited only 
a negligible antibody response in 
control, unstimulated mice . Under 
these conditions the haemagglutinin 
content "remained at a defmitely 
low 'Ievel in the sera of those mice 
which were not stimulated with the 
P40 fraction. In contrast, sera of 
those mice which were stimulated 
with the P40 fraction contained 
high levels of haemagglutinins. The 
antibody content of these sera de
creased slowly: compared with the 

sera of mice not stimulated with 
the P40 fraction, antibody con tent 
was II times higher four weeks 
later, and three times higher 16 
weeks later in the sera of mice sti
mulated with the P40 fraction. 

The effect of the P40 fraction 
was also investigated with regard to 
a secondary response of mice boos
tered 16 weeks after their priming 
with SRBC. The secondary re
sponse in m ice which had been 
stimulated with the P40 fraction 
seven days before the primary 
SRBC immunisation was found to 
be about 4 times higher than that 
in mice which had not received the 
P40 injection . Moreover, when the 
P40 injection was given seven 
days before giving the mice the 
SRBC booster, the secondary re
sponse was enhanced about 50 
times. 8 Other investigators reported 
an. increased production of haemag
glutinins in mice on day 5 after a 
single Lv . injection of 250 IJ.g of 
P40 given seven days before the i.v. 
immunisation with SRBC in dose 
varying from 105 to 109 SRBC per 
mouse. Increased production of an
tibodies was verified for all doses of 
SRBC injected, except for the dose 
of 105 cells. The major adjuvant 
activity of P40 concerned the pro
duction of IgM- or 2-MER-sensitive 
antibodies ." 

Experiments were also perfonn
ed using tetanus toxoid as a soluble 
antigen. In this instance, the en
hancing effect of P40 on the fonna
tion of antibodies was assessed by 
measuring the amount of toxoid 
corresponding to one 50 per cent
protective dose (I PDso ) compara
tively in mice stimulated with the 
P40 fraction and in mice not 
stimulated. In P40-treated mice, the 
amount of toxoid corresponding to 
I PDso was found to be decreased 
witb respect to that of unstimulat
ed mice (unpublished results) . 

c) lmmunorestorative effect: 
It was also verified that the P40 

fraction could counteract the im
mu nosu ppressive effect of the cy
clophosphamide, as measured by the 
production of haemagglutinins in 
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mice. 12 In fact, the P40 fraction is 
capable of abolishing not only the 
immunosuppressive action of cyclo
phosphamide, but also of enhancing 
the antibody response of cyclo
phosphamide-suppressed animals to 
a primary immunisation with 
SRBC. However, to counteract the 
action of cyclophosphamide, the 
P40 fraction has to be administer
ed before the immunosuppressive 
drug. Furthennore, cyclophospha
mide must not be used at doses 
which would completely suppress ~. t 
the immune responsiveness of the 
mice . 

These results have been extend
ed by S. Ben-Efraim (Tel Aviv Univer
sity) who verified in BALB/c mice 
that the immunosuppressive effect 
of cyclophosphamide and of me
thotrexate on contact hypersensi
tivity to DNFB could be counter
acted by the Lv. administration of 
P40 prior to the injection of the 
immunosuppressive drug. 

A DTH reaction to either oval
bumin or ABA-Tyr was induced 
when the antigen or the hapten was 
injected in emulsion in Freund's 
complete adjuvant in which myco
bacteria were replaced by P40 frac
tion (unpublished results). Recent
Iy, an exhaustive study 12,13 of the 
capacity of P40 fraction injected 
in saline showed an immunopoten
tiation of DTH in mice immunised 
with supraoptimal doses of antigen 
which would nonnally depress DTH 
in control mice. In contrast, when 
the P40-stimulated mice were im- <i 
munised with optimal or subopti
mal doses of SRBC for induction of 
DTH in control mice, lower DTH 
levels were also observed in P40
stimulated mice. This immunoregu
latory effect of P40 was ascribed to 
the accelerated catabolism of the 
antigen and to the T-cell adjuvant 
effect of the P40. A significant en
hancement of DTH was also record
ed when the SRBC were injected 
s.c. together with the P40 fraction . 
The strongest effect was observed 
for a dose of 5 IJ.g of P40 injected 
along with 108 SRBC. It was fur- * 
ther established that the observed 
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potentiation of DTH did not rely tions, 100 per cent tumour rejec 250 J.lg per mouse was flrst studied. 
only on a depot phenomenon, as is tion was obtained when the P40 This was given either seven or three 
seen with other adjuvants. Further fraction was injected up to six days days before an Lm. challenge with 
more, the adoptive transfer of DTH after the tumour grafting. Injected 2x I 04 tumour-cells, or given on the 
indicated that the P40-induced en~ nine days after the tumour chal same day, or three, six or nine days 
hancement of DTH could be ascrib lenge, the P40 fraction exercised no after the tumour challenge. The re
ed to the adjuvant effect of P40 on effect on tumour growth. The in sults showed that the P40 fraction 
the lymphoid cells, and not to a effectiveness of the P40 fraction given before or at the same time 
non-specific action on accessory when administered nine days after that the tumour was grafted acce
cells. grafting the tumour is probably due lerated the tumour growth as esti

In parallel experiments, the capa to the fact that the population of mated by measuring the variation 
city of P40 to induce a state of tumour cells is too large at this time of the diameter of the leg injected 
DTH to certain of its 4ntigens was to be overcome by the immune de with the adjuvant as a function of 
demonstrated using four different fenses of the recipient. It was also time. However, no statistically 
immunological parameters as corre observed that the P40 fraction was significant difference was noted 
lates of cellular immune response. 13 effective only when given Lp. and with regard to survival time when 
The results obtained suggest that not when given i.v. In similar ex compared with control animals. 
P40 systemic hypersensitivity might periments in which C. granulosum However, when the P40 fraction 
be of the first type as opposed to whole cells were used in place of was injected three days or six days 
the tuberculin response that is of the P40 fraction, tumour growth after .the tumour challenge, the 
the second type. was only retarded. tumour growth was significantly re

When the P8lS mastocytoma tarded. Given nine days later, the 
An ti-tumour effect of the P40 frac was grafted to syngeneic DBA/2 P40 fraction was without effect on 
tion mice, the P40 fraction did not in tumour development. 

The anti-tumour effect of P40 fluenoe tumour growth. However, Subsequently, we detennined the 
fraction has been investigated using protection could be afforded to a optimum dose of the P40 fraction 
several experimental tumour certain extent when the P40 frac when injected Lv. four days after 
models. tion was injected before grafting the tumour challenge. Under these 

When mice were stimulated by a the tumour. 2 conditions, the inhibitory effect of 
single i.p. injection of 10 J.lg of P40, The Lewis lung carcinoma was P40 on tumour growth was maxi
seven days before the Lp. grafting investigated as an alternative mum at a dose of 100 J.lg. At this 
of lOs Ehrlich tumour cells to tumour. It was maintained in its dose, the prolongation of the sur
mice, inhibition of the tumour solid fonn by serial subcutaneous vival of the mice was highly signifi
growth was achieved in 100% of the injection in CS 7B I /6 mice . In the cant. At doses of 250, 500 and 
animals. 2 experiments with Lewis carcinoma, 1,000 J.lg, the effect was less mark

Wi th P815 mastocytoma, the the effect of a single i.v. injection ed but still significant (Fig. 4).8 
grafting of the tumour in its ascitic of the P40 fraction at a dose of Castro Faria and Grynberg 14 

form was carried out both in non
isogenic MLTB mice and in isogenic 
DBA/2 mice. This type of tumour 9 .______________________ /1~ 

was successfully transplated in B1_______________________~!==~~--~
MLTB mice by Lalouette and Sch

wartz and has been serially trans '" 
 --------------------------------1------ i lib" ~ 
planted in this mouse strain for ID 6 ! .... j:::. 

alseveral years. Although the tumour ,... 1.1 '-j
IIIhas lost much of its virulence by U 4 


transplantation from DBA/2 mice "0 


to MLTB mice, an injection of lOs ;;; 

J:J 

§ 2cells will kill all recipients in about 1 ~.:.:.,z 
28 days. Spontaneous regressions of 

established tumours h ave never o L-________-.__________~----------~--~~----~~___ 


10 20 30 40been observed. The P40 fraction Days 

was injected i.p. at a dose of 100 J.lg 
I : Control miceper mOllse at various times from 

II : Treated mice : one I. V. injection of a) 100 j.l9 P40 and b) 500 j.l9 P40 one day to 9 nine days after the 4 days after the tumour graft
grafting of P8lS mastocytoma to 
M L TB mice. Under these condi- Fif!. 4 Lewis tumonr 
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have used glycerol-induced vesicles 
from tumour-cell membranes as a 
specific tumour antigen. The asso
ciation of this antigen with P40 
after a single Lp. injection resulted in 
70-80 per cent-complete regression 
of a syngeneic methylcholanthrene
induced fibrosarcoma. P40 alone or 
the vesicles alone were ineffective. 

Using Ll210 leukaemia as a 
tumour model in syngeneic (C57B 1/ 
6xDBA/2) Fl mice, the effect of 
P40 alone on the tumour was com
pared to that of its association with 
other treatments .1S-19 The Lp. injec
tion of a single dose of 100 Jlg of 
P40 seven days before the grafting 
of 1 x 105 Li210 tumour-cells re
sulted in a significan t prolonga tion 
of the survival time of the P40
treated mice as compared with the 
control mice. When glutaraldehyde
inactivated tumour cells (GA
Ll210) or glu taraldehyde-inactivat
ed L 121 0 tumour cells to which 
tetanus toxoid was coupled (GA
Ll210-Tet) were injected seven 
days before the tumour challenge, 
tumour growth was not retarded and 
even facilitated. When two in
jections were given seven days apart 
and seven days before the tumour 
challenge, similar results were re
corded. In contrast, the administra
tion of inactivated cells with P40 
under the same conditions as above 
resulted in a highly significant pro
longation of the survival time (more 
marked with the combination of 
GA-Ll21O-Tet with P40) as com
pared with that 0 f the control 
animals. 

In subsequent studies,',,18 the 
effect on L121 0 leukaemia of che
motherapy alone, with either dau
norubicin or mitomycin, was com
pared with immunotherapy with 
P40 alone as was the association of 
P40 and GA-Ll21O-Tet with che
motherapy. The treatment consist
ed of four injections on days -14 
and -7 and on days +4 and + II. 
Chemotherapy alone and P40 treat
ment alone afforded the same de
gree of protection. In contrast, the 
combination of chemotherapy with 
P40 and GA-Ll21O and P40 result

ed in a significant increase of sur
vival time in comparison with che
motherapy alone or P40-treatment 
alone. The survival of a few animals 
was even recorded under specified 
conditions. Furthennore, the re
challenge of surviving mice with the 
same number of LI210 tumour 
cells showed that about 50 per cent 
of the animals had developed speci
fic resistance to the tumour. 17 ,19 

It appears from these results that 
the combination of chemotherapy 
with active immunisation and non
specific immunostimulation is more 
efficacious than single trea tmen ts 
for the control of Ll210 leukaemia. 
Consequently, we are currently 
carrying out additional experiments 
in order to specify more precisely 
optimal conditions for combined 
treatments. 

Experimental DMBA-induced 
mammary carcinoma was also used 
in female Sprague Dawley rats as 
described by Huggins et al.20 The 
animals fed with DMBA developed 
mammary tumours beginning the 
seven th week after administration 
of the drug. P40 was given either 
intratumourally (Lt.), or peri
tumourally (p.t.), or intravenously 
(Lv.). Two weeks after P40-treat
ment, all rats underwent surgery for 
the removal of tumours. A second 
group of rats received P40-treat
ment at the time of appearance of 
the first tumour having an estima t
ed volume greater -than 0.6 cm. 3 

P40 was then injected i. t. 
In the first group, no significant 

difference in the mean survival time 
was recorded with respect to con
trol rats not receiving P40. In con
trast, the volume of tumoural recur
rence was highly significantly de
creased in the P40-treated rats. 
Very similar results were obtained 
in the second group. 

Toxicology 

A thorough toxicological exami
nation of the P40 fraction has been 
carried ou t in rats and dogs. These 
experiments showed that the P40 
fraction was devoid of any acute 
and chronic toxicity at doses far 
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beyond the therapeutic doses. The 
absence of undesirable effects was 
subsequently confinned in clinical 
trials . 

Oinical trials with the P40 fraction 

Since the P40 fraction was de
void of toxic effects at a dosage up 
to 50 times that intended to be 
used in humans, clinical trials were 
initiated in patients presenting 
either of two kinds of pathological 
conditions: recurring infections and 
neoplasia. 

Treatment of recurring infections: 
It appears very likely thatre

currences of chronic infections may 
originate from the patient's inabi
lity to mount an adequate cell
media ted reaction agaiast the in
fecting agent. Therefore, it appears 
to us that stimulation of the pa
tient's natural defenses might subs
titute for specific immunisation. 

To test this hypothesis, 117 pa
tients suffering from recurring in
fections 0 f the respiratory tract 
were divided into three groups for 
treatment (Table 3): Group I re
ceived either mono- or poly-micro
bial preparations (vaccinotherapy); a 
Group II received vaccinotherapy 
combined with P40, and Group III f 
received P40 alone. Comparison of v 
the effectiveness of the various t 
treatments showed that patients in n 
Groups II and III were significantly p 
improved (on the basis of three t 
criteria) in comparison to Group I I= 
patients (p<0.OOI).21,22 

Subsequently, a trial performed 
in randomly selected patients with 
recurring respiratory infections 
(mostly chronic obstructive bron 7 
chitis) confirmed that P40 trea t
ment results in the suppression of 
symptoms, in a decrease in the 
number of infectious episodes, and 
in a decrease in the num ber of 
cumulative days of antibiotherapy 
for the year during which P40 treat
ment was administered as compared 
with the year prior to the initia
tion of P40 treatment. 24 

P40 treatment was also given to 
patients with recurring herpetic 
cutaneo-mucous infections. Of 12 

http:treatment.24
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Table 3 	Comparative statistical evaluation of the effectiveness of vaccinotherapy 
alone (group I), vaccinotherapy + P40 (group II) and P40 alone (Group III) in 
the treatment of patients with relapsing chronic infections of the respiratory 
tract. 

No. of Proportion of improvement %ofTreatment 
patients according to criteria patients improved 

Group I 79 18/79 22.78 
Group II 21 18/21 85.71 
Group III 17 14/17 82.35 

Group I - II: p <0.001 (highly significant) 

GroupI - ill: p <0.001 (highly significant) 
. , 
Group II - III : 0.9 < p>0.5 (not significant) 

.patients who received one or a few 
injections of P40 0.20 mg/ml dur
ing the presence of a herpes blister, 
nine of them experienced a dramatic 
shortening of the duration of their 
blister which faded in 24-48 hours 
instead of 8-10 days as was the ex
perience of patients in the control 
group. Of 24 patients who present
ed frequent recurrences of herpes, 
19 did not have recurrent herpes 

\ over a period of time ranging 
from one to four years after 10 in
jections of P40 spaced one week 
apart. 11 

P40 treatment was also success
ful in treating patients with either 
vaginal candidiasis or E. coli cysti
tis. Patients improved by the treat
ment (about 75%) have not ex
perienced relapses over a period of 
time ranging from one to four years 
post-treatment.11,25 

We must emphasise that skin 
-< • tests for delayed hypersensitivity 
", with recall-antigens (bacteria from 

r 

Table 4 Evaluation of the cutaneous re
sponse to recall-antigens before 
and after treatment with P40 
fraction (n = 67) 

No. Responsive/total 

Score Before P40 After P40 

4+ 41/67 (61%) 63/67 (94%) 
5+ 31/67 (46%) 55/67 (82.%) 

}... 
6+ 
7+ 

27/67 (40%) 
18/67 (27%) 

45/67 (67%) 
32/67 (48%) 

the respiratory tract, SK-SD, PPD, 
candidin, E. coli) which were nega
tive before P40 treatment became 
positive after the treatment in im
proved patients. In particular, in a 
series a flO pa tien ts with vaginal 
candidiasis, who were unresponsive 
to candid in, eight of them showed 
improvement and at the same time 
they became responsive to candi
din . In contrast, the two patients 
who were not improved by the P40 
treatment also remained unrespon
sive to candidin. 

The importance of performing 
skin tests on patients with recurring 
infections as a guide for therapeutic 
decision-making and as a test to 
evaluate the efficacy of the treat
ment has previously been emphasis
ed.26 In this connection, the possi
bility of modulating skin response 
to an antigen by P40 fraction has 
been reported.17 The P40 fraction 
would either enhance a poor skin 
reaction or weaken an exaggerated 
skin reaction as a function of the 
ratio of P40 to antigen. 

P40 treatment in breast cancer pa

tients 

Skin-testing of breast cancer pa
tients with recall-antigens showed 
that a large proportion of them 
were immunosuppressed, since their 
scores turned out to be much lower 
than those of a control population 
of individuals apparently free of 
cancer. 28 ,19 In fact, the exploration 
of the immune status of patients 
with breast cancer was performed 

using skin tests with five different 
recall-antigens to evaluate their 
DTH responses. Each patient was 
assigned a composite score based on 
the intensity of the skin test re
sponse to the five antigens (Table 
4). The results showed that the 
frequency of anergy was significant
ly higher in breast cancer patients 
than in a control group of indivi
duals apparently free of cancer. 
Furthermore, for patients with 
mean DTH scores, a significant dif
ference was found between those 
who had lymph node involvement 
and those who had no lymph node 
involvement. In the former pa
tients, fewer showed mean scores 
when compared with the latter. 
A significant difference as a func
tion of age was found only for the 
highest scores.2O,30 

An attempt to restore the DTH 
reactivity of the immunosuppressed 
cancer patients by P40 treatment 
(I subcutaneous injection of 0.2 
n1g three times weekly for three 
weeks) resulted in a significant de
crease in the incidence of anergy. 
Lymph node involvement had no 
influence on the issue of P40 treat
ment. Thus, P40 treatment restored 
DTH reactivity in about half or 
more of the patients according to 
the type of antigen used for the 
skin tests (Tables 4 and 5). 

Evaluation of the effect of P40 
treatment on the survival rate of 
breast cancer patients is currently 
being carried au t. 

Summary 

We report the preparation of an 
immunostimulating fraction from 
mechanically disrupted, delipidated 
cells of the anaerobic Corynebac
terium granulosum. Since this frac
tion is precipitated by ammonium 
sulphate at 40 per cent saturation, 
it has been designated as P40 frac
tion. P40 is a particulate substance 
appearing in the electron micros
cope as pieces of the bacterial cell 
wall. The chemical composition of 
P40 is consistent with the assump
tion that it consists of an associa
tion of the cell wall peptidoglycan 
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Table 5 Comparison of the results obtained in breast cancer patients before and after 
treatment with P40 fraction and with controls when skin tested with recall
antigens. Results are expressed as per cent of positive reactions 

Patients
Tests 

before P40 after P40 
Controls 

13. 

phosphamide chez la souris. CR Acad Sci 
(Paris) 1976; 283:713-6. 
Lagrange PH, Fuster MJ. Immunomodula· 
tion with P40, an Insoluble delipidated 
fraction of Corynebacterium granulosum. 
II. Specific immune responses of the host. 
Ann Immunol (Inst Pasteur) 1982; 133C: 
269·87. 

PPD 

Candidine 

Divasta 

Streptococci 

Streptococcal exoproteins 

61 

39 

42 

34 

18 

83 

73 

67 

61 

40 

74 

80 

76 

85 

74 

14. Castro Faria H, Grynberg NF, Souza ASR, 
Gomes RM. Eradication of established 
murine tumor with plasma membrane vesi. 
cles and Corynebacterium granulosum 
fraction. Abstracts of the Fourth In terna
tional Congress of Immunology, Paris, 
July 1980, NO. 10.5.11. 

together with a glycoprotein. P40 
fraction can exercise a broad 
spectrum of activities on the im
mune system: it can I) stimulate 
RES; 2) increase nonspecifically the 
resistance of animals to various bac
terial infections; 3) enhance the 
production of antibodies to SRBC; 
4) counteract the immunosuppres
sive effect of cyclophosphamide 
and methotrexate; 5) induce delay
ed-type hypersensitivity to various 
antigens and to itself; and 6) in
hibit the growth of various experi
mental tumours. 

Oinical trials have indicated that 
it is effective in the treatment of 
recurring infection of either the re
spiratory tract or the uro-genitary 
tract. In breast cancer patients, P40 
was found to be capable of restor
ing cell-mediated immunity, as mea
sured by skin tests with recall-anti
gens, in immunosuppressed pa
tients. 
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