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IMMUNOMODULATION BY MICROBIAL RIBOSOMES
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Over the past twenty years, many authors have reported evidence of the immunoprotective
capacity of ribosomes isolated from bacteria, fungi and parasites.

Since 1971 we have explored the protective capacity of ribosomes isolated from a large variety
of microorganisms responsible for human and animal diseases. More recently, using monoclonal
antibodies raised against ribosomes and then selected for their ability to confer passive immunity to
mice, we have studied the mechanism of the protection induced by ribosomes. These studies, in
parallel with the development of a technology for the large scale production of ribosomes, have
allowed us to achieve a new regard for ribosomal vaccines for use in human.

The general concept of ribosomal vaccines in presented and examples of two such vaccines are
described with data on the specific protection that they induce in mice against experimental infec-
tions with Klebsiella pneumoniae, Streptococcus pneumoniae, S. pyogenes and Haemophilus

influenzae for the first one, and against Candida albicans rype A and type B for the second one.

Because of their high immunogenicity and their innocuity these vaccines represent a decisive

improvement over classical microbial vaccines.

The first experimental evidence of the im-
munoprotective capacity of bacterial ribossomes
was reported by Youmans in 1965 (Youmans &
Youmans, 1965), demonstrating that 1ug of
Mycobacterium tuberculosis ribosomes of the
H37Ra strain protected mice. Youmans had also
shown that highly purified ribosomes require
Freund's Incomplete Adjuvant (FIA) to recover

their full immunogenicity (Youmans &
Youmans, 1967).

Several authors have since published data
demonstrating that ribosomes from a large
variety of bacteria, fungi, and parasites were
able ato induce strong homologous and to a
certain degree heterologous protection (Au &
Eisenstein, 1981; Everhart et al., 1984; Gong-
grijp et al., 1981).

At the Center of Immunology and Biology
P. Fabre. we have, since 1971 been studying
the ummunoprotective capacity of ribosomes
isolated from about 200 microorganisms re-
sponsible for human and animal diseases, con-
firming their potency as efficient and safe vac-
cines.

As FIA cannot be used in humans, we have
also isolated from the membrane of a non-cap-
sulated strain of Klebsiella penumoniae, a pro-
teoglycan exibiting strong adjuvant properties
toward the ribosomes and remarkable immuno-
stimulant activities (Millet et al.. 1987; Normier
et al., 1985).

Mechanism of the protection induced by bac-
terial ribosomes

While the vaccinating capacity of ribosomes
is well established the mechanism by which
they induce protection and more especially the
exact nature of their “Immunogenic Principle”
has been more difficult to clarify (Pinel et al.,
1985a, b; Robert et al., 1984).

For this purpose our approach has been to
raise monoclonal antibodies (mAbs) against rib-
osomes, which were further selected according
to their capacity to confer passive protection,
In mice, against a homologous experimental
infection. The mAbs with protective capacity
were then used to identify corresponding epi-
topes on ribosomes.

The following graphs will show several exam-
ples of the direct protection induced in mice
with ribosomes against homologous infections
as well as the passive immunity conferred by
corresponding mAbs.

The first graph gives data obtained with 2
groups of 20 BALB/c mice immunized with 2
subcutaneous (s.c.) injections of Klebsiella
pneumoniae type 1 ribosomes, or PBS in the
control group, at days O and 14. At day 21 all
mice were challenged intraperitoneally (i.p.)
with 1.5 x 107 living cells. The graph represents
the mortality in both control and treated groups
during 20 days post-infection. One can see that
all control animals died within 2 days while
80% ot the mice treated with ribosomes sur-
vived.

Fig. 2 presents an experiment in which mice
were immunized (i.p.) with mAb D12G6 raised
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HOMOLOGOUS PROTECTIVE CAPACITY OF RIBOSOMES
FROM KLEBSELLA PNEUMONIAE TYPE 1

Protocol :
— Groups of 20 mice
_Days 0 and 15 : 5ug of ribosomes or PBS / (s.c.)

_ Day 21 : Challenge / 1.6 x 10*3Kp / (i.p.)
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Fig. 1: Striking decrease in the mortality rate of Balb/c mice pre-treated with
homologoud type I ribosome fraction, and then challenged with living Klebsiella
pneumoniae.

PASSIVE PROTECTION BY mAb D12 G6
AGAINST KLEBSIELLA PNEUMONIAE TYPE 1 RBOSOMES

Protocol :

_ Groups of 20 mice
_ 0.1 mi of Di2 G6 ascites or PBS (i.p.)
6 hours before challenge with 10*3 K.pneumoniae (i.p.)
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Fig. 22 Protective action of the anti-Klebsiella pneumoniae type 1 nbosome mono-
clonal antibody D1Z G6 on Balb/c mice infected with K. pneumoniae.
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against Klebsiella pneumoniae ribosomes, 6
hours before (i.p.) infection with 10° living
cells. Data presented on the graph clearly indi-
cate that mAb D12G6 passively protects mice.
Further studies using ELISA with purified an-
tigens of Klebsiella pneumoniase have shown
that mAb D12G6 is directed against the cap-
sular polysaccharide (Ps-K) of this strain. Bio-
chemical investigations on ribosomal subfrac-
tions have also allowed us to establish that cy-
toplasmic precursors of the PS-K are strongly
linked to rbosomal-RNA (r-RNA) in trace
amounts. These r-RNA-PS.K complexes after
isolation from ribosomes are highly protective
when adjuvated, while the purified PS-K in-
jected alone or adjuvated failed to protect mice
even at doses 50,000 times higher than that
present in the protective dose of ribosomes.

Fig. 3 shows the protection of BALB/c mice
immunized with Streptococcus pneumoniae
type I ribospmes against a homologous lethal
infection. Groups of 20 mice were immunized
with 2 (s.c.) injections of 0.9 g of Streptococcus
pneumoniae type | ribosomes at days 0 and 14.
Controls received PBS alone. At day 21, 10°
living cells were injected (i.p.). The mortality
recorded during the 20 following days is repre-
sented on the graph. Only 5% of mice injected
with ribosomes died from the lethal infection.

Fig. 4 gives the results of the passive protec-
tion conferred to mice by mAb 3B12 raised
against Streprococcus pneumoniae tipe 1 rib-
osomes. Groups of 20 mice received intra-
venously (i.v.) mAb 3B12 or PBS for the control
group 2 hours before (i.p.) infection with 10?
living cells. The graph representing the mortality
in each group indicates that 85% of the treated
mice survived the challenge versus 5% only in
the control group.

Additional studies with this mAb, recog-
nizing a phosphorylcholine containing site of
the pneumococcus membrane, have shown a
significant degree of cross- protection with at
least 8 different serotypes ot Streptococcus
pneumoniae.

Fig. 5 shows an inferesting example of
protection experiment using ribosomes isolated
from two strains of Streptococcus pyogenes
group A. The parent strain, non virulent for
mice was rendered highly virulent after several
passages on mice and reisolation. One can ob-
serve that only ribosomes isolated from the vir-
ulent strains were protective.

Additional studies have shown that only the
virulent strain produced M-protein and that rib-
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osomes isolated from this strains were linked to
small amounts of M-protein (0.015% w/w). This
was demonstrated by means of a monoclonal
antibody raised against the M-protein punfied
from this strain (mAb C3G12).

Fig. 6 shows the passive protection of mice
receiving (i.p.) 0.2 ml of C3G12 ascites 2 hours
before challenge with 10% cells (i.p.) of the vir-
ulent Streptococcus pyogenes.

General concept of ribosomal vaccines

From the results obtained with these dif-
ferent models, and from biochemical studies
not reported here we can say that the protec-
tion induced by ribosomes is related to their
ability to induce protective antibodies against
cell surface antigens.

Several groups in the world, like us, have
shown that strong links exist between ribosomes
and small amounts of membrane antigens (Ader
& Arvison, 1984). Ribosomes strongly increase
the immune response to these antigens at very
low doses. This was observed even in the case
of non immunogenic antigens such as Klebsiella
prneumoniae polysaccharides.

Fig. 7 represents the general concept of rib-
osomal vaccines that we have developed, asso-
ciating the specific immunity induced by rib-
osomes linked to protective epitopes, to the
non-specific immunostimulating properties of a
proteoglycan isolated from the membrane on a
non-capsulated strain of Klebsiella pneumoniae.

Starting from this concept we have devel-
oped a technology for large scale production of
ribosomes and also the membrane proteoglycan
of Klebsiella penumoniae (M-PG kp) used as
adjuvant.

Protective monoclonal antibodies against
each ribosome are used as specific reagents for
the control and the standardization of each
batch of production.

Derived from this technology several rib-
osomal vaccines have been prepared for human
as well as animal diseases.

One of these vaccines (D.53) which is now
used in humans since more than ten years in
respiratory infections under injectable, spray or
tablet forms is composed of:

Ribosomes from:

— Klebsiella pneumoniage . . . . .. 3.5 parts
— Streptococcus pneurmioniae . .. 3.0 parts
— Streptococcus pyogenes . . . .. 3.0 parts

— Haemophilus influenzae 0.5 parts

IIIII
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HOMOLOGOUS PROTECTIVE CAPACITY OF RIBOSOMES
FROM STREPTOCOCCUS PNEUMONIAE TYPE 1

Protocol :
_ Groups of 20 mice
—Days 0 and 15: 0.9ug of ribosomes or PBS / (s.c.)
—Day 21 : Challenge / 10*3 S.pneumoniae / (i.p.)
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Fig. 3: Decrease in the mortality rate of Balb/c mice pre-treated with Streptococ-
cus pneumoniae type 1 ribosomes and then challenged with a homologous letal

infection.

PASSIVE PROTECTION BY mAb 3B12
AGAINST STREPTOCOCCUS PNEUMONIAE TYPE 1 RIBOSOMES

Protocol :

_ Groups of 20 mice
— 0.1 ml of 3B12 ascite or PBS (i.v.) 2 hours
before challenge with 10*2 S.pneumoniae / (i.p.)
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Fig. 4: Protective active of the MAb 3B12, raised against Streptococcus pneu-
moniuae type I ribosomes, on mice challenged with S. pneumoniae.
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PROTECTIVE CAPACITY OF RIBOSOMES FROM
VIRULENT (V.Rib) AND NON.VIRULENT (Av.Rib)
STRAINS OF STREPTOCOCCUS PYOGENES A

Protocol :
— Groups of 20 mice
_ days 0,7,14 : v.rib , av.rib or PBS / (s.c.)
_day 21 : challenge / 10*2 S.pyog / (i.p.)
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Fig. 5: Differences between the protective action of ribosomes from virulent or
non-virulent Streptococcus pyogenes A strains.

PASSIVE PROTECTION BY mAb C3 G12
AGAINST STREPTOCOCCUS PYOGENES A M-PROTEIN

Protocol :

_ Groups of 12 mice
_ 0.2 ml of C3 G12 ascites or PBS (i.p.) 2 hours
before challenge with 10*2 S.pyogenes A (i.p.)
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Fig. 6: Protective action of anti- Streptococcus pyogenes A M-protein MAb pas-
sively injected into Balb/c mice that were then challenged with S. pyogenes A.
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Fig. 7. General concept for obtention of ribosomal vaccines.
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Membrane proteoglycan from:
— Klebsiella pneumoniae biotype a.15.0 parts

Not only bacterial ribosomes can be protec-
tive. We have also promising clinical studies un-
der way with a preparation made of ribosomes

isolated from Candida albicans type A and type
B.

The formula of this preparation (D.651) is
composed of:

Ribosomes from:

— Candida albicans type A . . ... 3.5 parts
— Candida albicans type B 3.5 parts

Membrane proteoglycan from:

— Klebsiella pneumoniae biotype a.15.0 parts

To finish I would just like to present briefly
the protections obtained in mice with this vac-
cine or its separated components by the injec-
table and the oral route of administration.

Subcutaneous immunizations have been per-
formed with 7 injections of 30 ug of M-PG kp,
6 ug of ribosomes or 22 g of the complete for-
mula. Control group received PBS according to
the same protocol.

Fig. 8 gives the protections obtained against
a challenge with 1.4 x 10° Candida albicans

169

type A (i.v.). One can see that the 60% of pro-
tection conferred by ribosomes alone are in-
creased to 90% when associated to M-PG kp
in the complete formula. M-PG kp was not pro-
tective by itself.

Fig. 9 shows similar results against a challenge
with 1.0 x 10° Candida albicans type B (i.v.).
In this case all the animals treated with D.651
survived the lethal infection.

Oral immunizations have been performed
with 12 ingestions of 120 ug of M-PG kp, 28 ug
ribosomes of 176 ug of the complete formula.
Control group received PBS according to the
same protocol.

Fig. 10 presents the protections obtained
against a challenge with 1,4 x 10° Candida
albicans type A (i.v.). Is this experiment 80%
of mice treated with ribosomes or D.651 sur-
vived the challenge versus none in the control
group.

Fig. 11 represents the protections conferred
by oral route against a challenge with 1.0 x 10°
Candida albicans type B (i.v.). One can see that
70% of mice treated with ribosomes and 100%
of D.651 treated mice survived the challenge.

PROTECTIVE CAPACITY
OF D651 AND ITS COMPONENTS

Protocol :

_ Groups of 20 mice
_ Subcutaneous immunization at days 1,3,5,8,10,16,18
_ Challenge at day 24 / 1.4 x 10*5 C.albicans type A (i.v.]
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Fig. 8: Ability of the vaccine D 651 as well as its specific components to protect
mice then challenged with Candida albicans type A or type B. This fig. depict the
results obtained after subcutaneaus immunizations.
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PROTECTIVE CAPACITY
OF D651 AND ITS COMPONENTS

Protocol :
_ Groups of 20 mice
— Subcutaneous immunization at days 1,3,5,8,10,16,18
_ Challenge at day 24 / 1 x 10*5 C.albicans type B (i.v.)
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Fig. 9: Ability of the vaccine D 651 as well as its specific compopéqts to protect
mice then challenged with Candida albicans type A or type B. This fig. depict the
results obtained after subcutaneaus immunizations.

PROTECTIVE CAPACITY
OF D651 AND ITS COMPONENTS

Protocol :
_ Groups of 20 mice
_ Oral immunization at days 1,2,3,4,5 _ 15,16,17,18,19 _ 24,25
_ Challenge at day 32 / 1.4 x 10*5 C.albicans type A (i.v.)
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Fig. 10: Ability of the vaccine D 651 as well as its specific components to protect
mice then challenged with Candida albicans type A or type B. The curves result

from oral immunizations.
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Protocol :
— Groups of 20 mice
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PROTECTIVE CAPACITY
OF D651 AND ITS COMPONENTS

— Oral immunization at days 1,2,3,4,5 _ 15,16,17,18,19 __ 24,25
— Challenge at day 32 / { x 10*5 C.albicans type B (i.v)
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Iig. 11: Ability of the vaccine D 651 as well as its specific components to protect
mice then challenged with Candida albicans type A or type B. The curves result

from oral immunizations.

CONCLUSION

As a conclusion I would like to point out
that this original concept of ribosomal immu-
notherapy represents a significant improve-
ment over classical vaccines in many ways.
They associates both specific and long term
protection induced by ribosomes to the non-
specific immunostimulant properties of the
Klebsiella pneumoniae membrane proteoglycan
(M-PG kp). They have a high chemical stability
and can be produced industrially in very pure
form for human use. Their efficiency and their
innocuity is now well established.
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