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SUMMARY

Mucosa surfaces are habitats for the physiological microflora and
are closdly related to the mucosal immune compartment (mucosa-asso-
ciated lymphoid tissue, MALT). Recently, considerable evidence has
been accumulated showing that various members of the physiological
microflora liberate low molecular weight metabolites which, appar-
ently, are essential for the adequate immune response of the host. Anti-
biotic decontamination (e.g. of the BALB/c-mouse gastrointestinal
tract) results in alack of generation of immunopriming microbial me-
tabolites leading to immunosuppression. Biochemical analysis of the
microbia metabolites revealed reproducible chromatographic fractions
which sdlectively influence maturation, proliferation and activation of
mononuclear immune cells.

ANTIMICROBIAL CHEMOTHERAPY:
INITIAL ENTHUSIASM AND OBJECTIONS

About fifty years ago when antimi-
crobial substances became available for
treatment of infectious diseases it was
not realised that these drugs as well may
affect bacteria other than those causing
the infection. The importance of micro-
organisms not involved in infectious
diseases (e.g. those of the physiological
microflora) has recently been shown
since, apparently, they guarantee the
adequate function of certain organs such
as the gadtrointestina (Gl) tract, skin
and immune system (Roszkowski et al.,
1988; van der Waaij, 1982; Pulverer et
al., 1990a). The attention of many phy-
sicians had primarily been focused on
the therapy of the infection without
giving sufficient notice to side effects,
e.g. microbia dysbiosis and immuno-
compromisation, respectively. Data de-
rived from experiments involving the

Gl-tract of humans and animals provide
some outline of the immune responses
associated with the intestinad mucosal
compartment. The mucosa-associated
lymphoid tissues (MALT), the primary
source of immunologic function, extend
beyond the intestine and consist of the
gut-associated (GALT), bronchial-asso-
ciated (BALT) and duct-associated lym-
phoid tissues (DALT). Thus, virtualy
every mucosal surface of the body has
the ability to respond to and to induce
effector cells capable of protecting the
host from potentially harmful organisms
or antigens (Kagnoff, 1987a, 1987b).
Our understanding of these various de-
fence mechanisms and how they equip
the host for its continuing conflict
against pathogenic organisms and po-
tentidly harmful substances deposited
on mucosal surfaces has awide range of
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biological and medica applications. For
example, studies on mucosal immunity
might lead to more effective methods of

immunoprophylaxis againgt agents re-
sponsible for awide range of infectious,
neoplastic and autoimmune diseases.

ANTIBIOTICS AND INTESTINAL MICROFLORA

The indigenous microflora of the GI-
tract plays a mgjor role in the ecologica
flora-associated colonisation resistance
(van der Waaij, 1982; Gorbach et al.,
1988). Van der Waaij (1982, 1985,
1988) intensively studied the changes in
colonisation resistance after antimicro-
bial treatment. Recently, the influence of
mezlocillin and other selected antibiotics
on the physiologica aerobic and
anaerobic digestive tract microflora of
BALB/c-mice was shown in detal by
Roszkowski et al. (1986a,1988). Bacte-
riological analysis of the Gl-tract micro-
flora demonstrated a stable spectrum of
aerobic and anaerobic bacteria How-
ever, a 7 days treatment of BALB/c-
mice with mezlocillin (dosage and tim-
ing scheme of the antibiotic treatment
were caculated according to therapy in
human medicine) caused dimination of
most species of the endogenous intesti-
na microflora. Especidly representa-
tives of the anaerobic flora (e.g. Bacter-
oides sp., Clogtridium sp., Lactobacil-
lus sp., Propionibacterium sp.) were
completely eradicated (Roszkowski et
al., 1988; Pulverer et al., 1990a). Since
mezlocillin was the only antimicrobial
drug tested that eiminated Gram-nega-
tive as well as Gram-positive aerobes
and anaerobes respectively, it was cho-
sen for further investigations. Subse-
guent studies on the dynamics of
changes of the intestind microflora
showed that aerobic bacteria could no
longer be cultivated after 24 h of
mezlocilllin treatment. After termination
of the mezlocillin therapy ill al aer-
obes and anaerobes were absent from
the Gl-tract for at least 24 h, followed
by a slow recovery of the physiological
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microflora during the following days.

Even four days after finishing antimi-

crobia chemotherapy the number of

(an)aerobes in the digestive tract was

definitely lower as compared to non-

treated control mice.

Correlating to the decontamination,
the concentration of E. coli-endotoxin in
caeca contents showed a decreasing
tendency during mezlocillin treatment.
However, a significant enhancement of
E. coli-endotoxin could be detected
during the recovery phase three to seven
days after terminating antibiotic admini-
stration (Roszkowski et al., 1987).

Further investigations on the phar-
macokinetics of mezlocillin  demon-
strated that:

a) three days of systemic treatment were
sufficient to decontaminate the Gl-
tract of BALB/c-mice,

b) oral administration aswell resulted in
atota digestive tract decontamination
in BALB/c-mice,

C) no serum level was detectable after
oral administration of mezlocillin,

d) as compared to humans, serum levels
of mezlocillin were rather low in
BALB/c-mice after parenteral ad-
ministration,

€) dimination of mezocillin  from
mouse serum was relatively fast, and

f) drug concentration in the digestive
tract of BALB/c-mice was rather
high and long lasting (Roszkowski et
al., 1986b, 1987).

Since mezlocillin proved to be a drug

with constant Gl-tract decontaminating

effects (at least in BALB/c-mice) it was
chosen for subsequent investigations on

the interaction of the physiological mi-

crofloraand immune responses.



ANTIMICROBIAL CHEMOTHERAPY AND
NEOPLASTIC DISEASE

Cancer with concomitant bacterid in-
fection is a well-known clinica prob-
lem. Not only neoplastic processes but
also anti-tumour chemotherapy can in-
duce immunosuppressing effects lead-
ing to infectious diseases (Faingtein and
Bodey, 1983). Therefore, many cancer
patients have to be treated with antimi-
crobia chemotherapy and generaly
such treatment lasts longer than in cases
of bacteria infections in non-cancer pa-
tients (Bodey et al., 1966; Faingtein and
Bodey, 1983). Thus, it seems appropri-
ate to ask whether antibacterial chemo-
therapy can interfere with the host-tu-
mour relationship. For this purpose the
BALB/c-mouse/sarcoma L- 1 mode
was chosen because it allows repro-
ducible test modalities. The effect of
mezlocillin trestment on tumour devel-
opment in BALB/c-mice offered great
variations according to the experimenta
schedule. Thus, enhancement of tumour
growth was observed when mezlocillin
was administered to animas prior to
tumour implantation. However, appli-
cation of mezlocillin immediately after
tumour implantation manifested a totaly
opposite effect and resulted in a signifi-
cant reduction of tumour growth
(Roszkowski et al., 1984a, 1985a).

Enhancement of tumour growth after
mezlocillin pre-treatment might be the
result of unspecific immunosuppressive
activities of the drug (suppression of
naturd killer [NK] cell and cytotoxic T-
cdl activities). Administration of the
antibiotic after tumour implantation may
provide different possibilities and co-
existence of at least two phenomena:

1. stimulation of host immune system,
and,

2. direct effects on tumour cells.

Assuming that mezlocillin  possesses

cytotoxic activities the resultant effect

might be the inhibition of tumour

growth. Such a phenomenon can be ob-

served in conventional anticancer che-
motherapy since many cytotoxic drugs
induce a strong immunosuppression and

a sSmultaneous anti-tumour  effect.

However, mezlocillin did not affect the

growth behaviour of sarcoma L-1 cells

and other tumour cell-lines in vitro
when it was added to cdl cultures. This
result obvioudly is in contrast to the hy-
pothesis that mezlocillin possesses cy-
totoxic/cytostatic activities. 1t might be
possible, however, that metabolites of
the antibiotic, which eventualy are pro-
duced in vivo, possess cytotoxic prop-
erties. So far, no evidence for such a
possibility could be demonstrated. On
the other hand, mezlocillin may be able
to ater the antigenicity of tumour cdls
and make them more susceptible to the
host defence. However, this hypothesis
as well could not be confirmed in ex-

periments on specific anti-tumour im-

munity (Roszkowski et al., 1984a,

1985a, 1986h).

When analysing and discussing these
data we speculated that antibiotic-in-
duced modification (eradication) of the
physiological microflora(e.g. of the GI-
tract) might be responsible for this
tumour-modulating phenomenon. Two
hypotheses arouse and were extensively
investigated:

a) the physiological microflora interacts
with the immune system, accord-
ingly antibiotic decontamination may
enhance drug induced immunosup-
pression, or

b) the physiological microflora liberates
growth factor-like substances.

So far, many data are in favour of these

postulations and still encourage further

studies.
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ANTIBIOTICS AND IMMUNE SYSTEM

Chemotherapy of bacterial infections
can no longer be regarded as a smple
interaction between drugs and bacteria
Undoubtedly, the immune system of the
host is also strongly involved. Recently
it was suggested that the Gl-tract micro-
flora of experimental animals might in-
fluence the development of immune re-
sponses (van der  Waaij, 1985;
Roszkowski et al., 1988; Pulverer e
al., 1990a). In BALB/c-mice certain
antimicrobial drugs could be shown to
modulate host defence mechanisms
(Roszkowski et al., 1984b, 1985b,
1985¢) resulting in substantial suppres-
sion of celular and humora immune
responses (Roszkowski et al., 1985c,
1989). The most striking finding of
these studies was the potent and long
lasting suppressive effect of mezlocillin.

Interestingly, the immunosuppres-
sive effects of mezlocillin obvioudy are
associated with changes in the endoge-
nous intestinal microflora of BALB/c-
mice since direct interactions between
the antibiotic and certain cells of the
immune system could not be found.
Recent data confirm that gastrointestinal
tract decontamination affects the im-
mune system since peritoneal macro-
phages harvested 24 h after terminating
antimicrobial treatment showed a sig-
nificant reduction of certain functions,
e.g. chemiluminescence response, che-
motactic, bactericidal and anti-tumour
activities (Roszkowski et al., 1988;
Pulverer et al., 1990a). Of special inter-
est was the observation that the basic
macrophage activity (background activ-
ity in chemiluminescence assays)
seemed to be suppressed after Gl-tract
decontamination.

Apparently, the Gl-tract microflora
provides a trigger mechanism for a
moderate (but constant) priming of cer-
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tain immune cells such as peritoned
macrophages. In the meantime consid-
erable evidence has been accumulated
showing that the physiologica micro-
flora (e.g. of the Gl-tract) interacts with
a vaiety of immune functions
(Kagnoff, 1987a, 1987b; Roszkowski
et al., 1988; van der Waaij, 1988; Pul-
verer et a., 1990a). In addition to its
suppressive influence on macrophage
activity, humoral immune responses and
anti-tumour activity, decontamination of
BALB/c-mice induced a significant
atrophy of thymus and spleen and
sgnificantly decreased  lymphocyte
function (Roszkowski et al., 1988; Pul-
verer e al., 1990a) in vitro (°H-TdR
incorporation) and in vivo (**IUdR
uptake). However, ora or intraperito-
neal administration of a heat killed vac-
cine (mixed from 9 Bacteroides species
isolated from fresh faeces of healthy,
non-treated BALB/c-mice) or of an im-
munomodifying P. avidum strain could
- a least partly - reverse the suppressive
effects of the mezlocillin therapy. These
observations suggested that the adequate
function of the immune system might be
closely correlated to the presence of the
physiological microflora (e.g. of the GI
tract).

In the course of studying the under-
lying (patho)physiological mechanism
we found that certain species of the in-
digenous Gl-tract microflora liberate
low molecular weight metabolites which
apparently trigger basic immune re-
sponses (Pulverer e a., 19903,
1990b). Accordingly, the hypothesis
was discussed that eradication of the
Gl-tract microflora might suppress loca
and/or systemic immune responses
since the generation of immunotrigger-
ing microbial metabolites ceased.



PHYSIOLOGICAL MICROFLORA LIBERATES
IMMUNOMODULATING METABOLITES

Previous studies suggested that the
physiologica microflora (e.g. of GI-
tract) exert astimulus on certain immune
functions since antibiotic  decon-
tamination of experimenta animas re-
sulted in immunosuppression and modi-
fication of anti-tumour immunity (Pul-
verer et al., 1990a; Roszkowski et al.,
1984a, 1985a, 1988). In the course of
investigations (to clarify the mecha
nisms) certain members of the BALB/c-
mouse Gl-tract microflora (e.g. Bacter-
oides sp., Clogtridium sp., Lactobacil-
lus sp., Pronionibacterium sp.) were
found to liberate low molecular weight
metabolites (MW <6.500 D). To sub-
Santiate the assumption that microbial
metabolites might prime basic immune
responses, cultivation procedures were
established to provide optima condi-
tionsfor their generation and release. In
BALB/c-mice, antibiotic decontamina
tion of the Gl-tract reproducibly resulted
in congderable immunosuppression,
apparently due to the lack of a specific
stimulus.  The  substitution  of
metabolites liberated from microorgan-
isms of the Gl-tract such as Bacteroides
sp. and Propionibacterium sp. to diges-
tive tract decontaminated animals (route
and interval of adminigtration analogue
to the antibiotic) recondtituted the cdllu-
lar function (peritoneal macrophage
phagocytic activity) and lymphatic tissue
weight (thymus and spleen).

To confirm the hypothesis that the
human physiological microflora inter-
acts with the immune system, certain
bacteria of human origin were tested for
their ability to liberate immunomodu-
lating metabolites. Two species (P. ac-
nes and S. saprophyticus) could be
shown to release considerable amounts
of low molecular weight metabolites.
Substitution of those metabolites (liber-
ated from bacteria of human origin) to

antibiotic-decontaminated (and immuno-
compromised) BALB/c-mice reconsti-
tuted the function of their immune sys-
tems.

Sephadex chromatography revealed a
uniform arrangement of peaks for mi-
crobia metabolites of different origin
including those liberated from strains of
BALB/c-mouse Gl-tract  microflora
(Bacteroides sp., Clostridium sp.,
Lactobacillus sp., Propionibacterium
sp.) and those from P. acnes and S.
saprophyticus of human sources (Pul-
verer et al., 1990b). Apparently, the
generation and release of microbial me-
tabolites seems to be a unique property
of various members of the physiological
microflora resulting in a moderate but
congtant priming of the immune system
(mucosa- associated lymphoid tissues,
MALT).

To investigate the immunomodulat-
ing potency with another well estab-
lished experimenta modd (Scollay et
al., 1984a; Reichert et al., 1986a), mi-
crobia metabolitesfrom P. acnesand S.
saprophyticus were administered to
hydrocortisone-treated  BALB/c-mice.
Hydrocortisone-resistant ~ thymocytes
generaly have been used to investigate
the functiona maturity since the vast
magjority of thymocytes surviving the
adminigtration of hydrocortisone are of
a mature phenotype (Reichert et al.,
19864). Intrathymic T-cdl differentia-
tion is a process in which immature
thymocytes expand and develop by un-
dergoing complicated  maturational
events leading to the acquisition of im-
munocompetence and subsequent emi-
gration to the periphery (Scollay, 1984;
Scollay et al., 1984b). The thymic mi-
croenvironment is thought to exert loca
influences, which may contribute to the
T-cell maturation process (Reichert &
al., 1986b). Quantitative analyses re-
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veded a significantly decreased number
of thymocytes after hydrocortisone-
treetment in BALB/c-mice. However,
administration of microbial metabolites
apparently stimulated the cell prolifera-
tion and maturation since the number of
thymocytes increased significantly as
compared to non-treated animals.
Administration of microbia metabo-
lites (released from S. saprophyticus or
P. acnes of human sources) to non-
treated BALB/c-mice as well manifested
some immunopotentiation which posi-
tively correlated with a remarkable in-
crease of thymus weight. However,
weight gain of spleen was less pro-
nounced (Pulverer et al., 1990b).
Recently it has been shown that T-
lymphocyte antigens undergo charac-
teristic changes in their surface density
expression as T-cells mature in thymus
and lymphoid tissues (Ledbetter et al.,
1980; Micklem et al., 1980; Reichert et
al., 1986a, 1986b). Quantitative inves-
tigations on Lyt-1 (pan T-cells), Lyt-2
(T-cytotoxic/suppressor cells), L3T4
(T-helper/inducer cells) expression has
been fecilitated by the use of mono-
clonal antibodies. Directly fluorescence-
conjugated anti-Lyt-1, anti-Lyt-2 and
anti-L3T4 monoclonal antibodies were
each used aone and in combination in
FACS (Fluorescence-Activated Cdl
Sorter) staining experiments. The T-cdll
receptor first appears during thymic
ontogeny (Ceredig et al., 1983; Fitch,
1986). Roughly 80% of thymocytes are

CONCLUSION AND

Mucosa surfaces are habitats of the
physiological microflora and are closely
related to the mucosal immune com-
partment (mucosa- associated lymphoid
tissues, MALT) which interacts with the
systemic immune compartment on sepa-
rate levels of host defences (Tomas et
al., 1980; Bienenstock and Befus,
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Lyt-2*/L3T4" and a small proportion are
Lyt-2/L3T4, cels belonging to these
thymocyte subsets are thought to be
immature (Ceredig et al., 1983; Scollay
et a., 1984a). In contrast, approxi-
mately 15% of thymocytes and nearly
al periphera T-cells express the mature
Lyt-2/L3T4" (T-helper/inducer) or
Lyt2"/L3T4  (T-suppressor/cytotoxic)
phenotype (Ceredig et al., 1983; Scollay
et a., 1984a). Adminigtration of mi-
crobial metabolites (liberated from P.
acnes and S. saprophyticus) to BALB/c-
mice apparently provides a stimulus for
the development of lymphoid cells.
Accordingly, the numbers of T-
helper/inducer cells evidently increased
in thymus after metabolite injections
whereas T-cytotoxic/suppressor cells
did not undergo considerable changes.
A cdculation of the helper/inducer-
suppressor/cytotoxic cell ratio suggested
that the administration of microbid
metabolites preferably stimulated the
proliferation of T-cels with
helper/inducer phenotype (Pulverer et
al., 1990b). The exact mechanisms for
this selection process have not yet been
clarified, however, a variety of growth
factors and interleukins smilarly affect
effector tissues (O'Garra, 1989). A
further  characterisation  of  the
involvement of antigen receptors and/or
other cell surface molecules during T-
cel development and their activity will
provide additional insight into events
that determine the T-cell repertoire.

FUTURE ASPECTS

1984). It is the first line of defence and
has the ability to block antigen-access to
the systemic compartment of the host by
producing loca responses (Walker and
Isselbacher, 1977; Challacombe and
Tomasi, 1980). However, antigens
(e.g. microbia metabolites) can gain
access to the MALT and trigger (local)



immune responses. In addition, some
antigens are able to produce systemic
tolerance (Challacombe and Tomasi,
1980). If these particular antigens gain
access to the loca immune systems, a
suppression of the systemic immune
response may be induced by suppressor
cellswhich were activated in the MALT
and then trandocated to the systemic
immune compartment (tolerance (Chal-
lacombe and Tomasi, 1980; Richman et
al., 1981).

Recently, considerable evidence has
been accumulated showing that the
physiological microflora liberates low
molecular weight metabolites which,
apparently, prime certain immune re-
sponses. Investigations on suppression
and recongtitution of immune functions
depending on the presence of the
physiological microflora (respectively
on microbial metabolites liberated from
members of the physiologica micro-
flora) favoured the hypothesis that
symbiotic microorganisms (respectively
their metabolic products) are essential
for adequate immune functions. Since
those events are generaly stimulated
and regulated by T-helper/inducer cells,
this activity may be explained by the
production of growth and differentiation

factors. These properties of interleukins

and related molecules (e.g. microbid

metabolites) indicate a key role in the
positive and negative regulation of anti-

gen-specific celular and humoral im-

mune responses and in the ontogeny of

the immune system.

Preliminary investigations suggested
that microbia metabolites may be con-
sidered to be potentia growth factors
(e.g. for fibroblasts, epithelia cells,
bone marrow cells, tumour cells) as
well as differentiation factors (e.g. for
lymphoid cells, bone marrow cells).
Accordingly, a wide range of biologica
and medica applications of these me-
tabolites should be considered, e.g.

1) specific  immunomodulation  (with
gpecid emphasis on anti-infectious
and anti-neoplastic immunity,

2) therapeutical adminigtration  of
growth and differentiation factors
(interleukin-like molecules),

3) specific adjuvans in patients treated
with decontaminating antimicrobia
drugs (omnispectrum therapy) and
last but not least

4) a contribution to current knowledge
on interactions of the physiological
microflora and immune responses.
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