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SUMMARY

Autovaccines, a fundamental concept within Microbiologica Ther-
apy, are prepared from autologous, human, non-pathogenic, , rough*
variants of E. coli derived from the stool flora of individuals according
to a highly standardised procedure (SymbioVaccin, Germany). These
autovaccines are mainly used to treat chronic inflammatory disorders
associated with impaired immune reactions resistant to standard thera
peutic treatments. Although immunomodulatory effects of outer mem-
brane components or cell wall fragments of gram-negative bacteria on
innate or adaptive immunity are widely accepted, mechanisms of actions
of these autovaccines remained largely obscure, despite some recent
publications about other autovaccine preparations of different origin.
Therefore apilot study was conducted with 78 outpatients from a phy-
sicianin general practice. The patients suffered from variable disorders,
ranging from recurrent respiratory infections to diffuse gastrointestinal
complaints. To investigate whether the application of autovaccine af-
fects non-specific and specific parameters of the immune system, the
patients received their autologous bacteria parenteraly in increasing
doses. Before application and 4 to 6 weeks after application of autovac-
cine, blood samples of the patients were taken to investigate a range of
immunological parameters such as acute phase proteins, serum anti-
bodies and cytokines. The results revealed, that autovaccines were able
to modulate significantly the release of three potent immunoregulatory
cytokines but induces only dlight changes in specific humoral immunity
From these resultsit may be concluded that the autovaccine mainly acts
antigen non-specifically on the cytokine level rather than inducing a
high level of specific antibodies against autovaccine. Further studies
with more detailed kinetic measurements of cytokines will have to ver-
ify these results.
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INTRODUCTION

Autovaccines in the context of this
paper are derived from human, non-
pathogenic rough variants of E. coli
Isolated from the faeca flora of each
patient. From the manufacturer of
autovaccines (SymbioVaccin - GmbH,
Herborn, Germany), these bacteria were
prepared according to a highly stan-
dardised procedure followed by hesat-
inactivation for 2h a 70°C (Zidlinski et
al., 1998). Autovaccines are used to
treat chronic inflammatory disorders
either associated with impaired resis-
tance to infection or with hyperactiva-
tion of the immune system resistant to
standard therapeutic strategies (Rusch,
1986). In fact, these heterogeneous in-
dications underlying many sometimes
unknown dysregulations of the immune
system will require well-balanced im-
munoregulatory actions of autovaccines
still unproved by relevant clinica ob-
servations up to now.

Although the application of autovac-
cines have a long traditional use going
back to the beginning of the 20" century
(Wright and Douglas, 1904), the un-
derlying mechanisms of action are far
from being clear. However, severa re-
cent reports described another form of
autovaccine therapy inducing a specific
immunisation, which has been shown
for example by Zaluga (1998). This
group examined immunologica effects
of an autovaccine preparation composed
of Propionibacterium acnes, isolated
from the skin of patients. These authors
found a sggnificant improvement in
47.6% of patients accompanied by
functional changes in the immune sys-
tem as for example a generation of spe-
cific antibodies against structural anti-
gens of P. acnes (Zaluga, 1998). These
observations were confirmed by others
(Rubisz-Brzezinska et al., 1994) and
agreed with reports demonstrating a
therapeutic successful use of those
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autovaccinesin children with severe na-
sa  snusitis  (Okrasinska-Cholewa,
1994) or purulent otitis media (Wil-
czynski et a., 1995). Therefore the pre-
sent study sought to investigate the im-
munomodulating potential of autovac-
cine preparations of autologous origin to
clarify, whether there will be similarities
or differences in immunologica effects
compared to those other autovaccines
described recently. Thus, to ducidate
the influence of the autovaccine on the
immune system, an outpatient (n=78)
collective recruited by a physician in
genera practice was used for the
following study to examine changes in
immunological parameters. The patients
received the autologous bacteria
preparation derived from their own stool
flora and immunological parameters
were determined before application and
4 to 6 weeks after application of the
autovaccines.

As this was only a preliminary pilot
study no placebo control was included.
Because it was not known, which im-
munological effects, if any, would be
elicited by the autovaccine, a broad
panel of investigations was performed.
Patients peripheral blood leukocytes
(PBLs) were used to determine ex vivo
cytokine release by specific enzyme
immunoassays (ELISAs). Among the
cytokine family, granulocyte-macro-
phage-colony stimulating factor (GM-
CSF), interferon-gamma (IFN-y), in-
terleukin-1beta (IL-1g), interleukin-2
(IL-2), interleukin-4 (IL-4), interleukin-
6 (IL-6), interleukin-10 (IL-10) and tu-
mour-necrosis-factor apha (TNF-a)
were examined. In addition, non-spe-
cific serum parameters characterising
inflammatory processes such as neop-
terin, C-reactive protein, soluble inter-
leukin-2 receptor (sIL-2R), p2-mi-
croglobulin and interleukin-1 receptor
antagonist (IL-1RA) were aso deter-



Table 1: Demographic data of the participating patients

Number of patients

Patients avail able for two blood donations

Time span between sample donation

Female/maleratio

Age, median (range in parentheses)

Number of patients with previous history for

autovaccine therapy

78

60

31 days (range 21-56)
25% percentile 28 days
75 % percentile 35 days
55/23 total

41/19 (second blood donation)
36.5 (16-74)

25% percentile, 30 years
75% percentile, 44 years
41/60 (68.9%)

mined. Finaly, serum samples of pa
tients tested before and after autovaccine
therapy were used to detect a potential
increase of gspecific antibodies of the

IgG, IgM or IgA isotype against anti-
gens of the autovaccines, using an
ELISA technique.

MATERIALS AND METHODS

Recruitment of patients

The study population comprised 78
outpatients from a primary care physi-
cian (P.N.) a Berlin-Charlottenburg
and were recruited for the present study
during atime span between end of 1995
and beginning of 1997. Patients in-
formed consent was obtained to draw
two blood samples. The demographic
data of the patients are shown in Table
1. Further details were recently pub-
lished (Rusch et a., 2001).

Test substances

The autovaccines used for application
to the patients were prepared by the
manufacturer from the stool flora of
each patient. For the stimulation of
PBLs from each individua donor, the
corresponding autologous autovaccine
preparation was used at 6 different con-
centrations (3x10% — 3x10° bacteria/ml).
A second control consisted of a poly-
clonad stimulus. This lectin mixture
contained pokeweed mitogen (PWM),
phytohaemagglutinin A (PHA) and con-
canavalin A each at a concentration of 1

ng/ml (al purchased from Seromed,
Berlin, Germany). Lipopolysaccharide
(1 ng/ml) derived from E. coli 055:B5
was obtained from SigmaAldrich
Chemicals, Munich, Germany.

Preparation of peripheral blood
leukocytes from the patients

For the investigation of the immu-
nological effects of autovaccines, pe-
ripheral blood leukocytes (PBLS) of the
patients were prepared as described re-
cently (Rusch et al., 2001). Briefly,
blood was taken immediately before ap-
plication of autovaccine and 4 to 6
weeks later. For each patient, only a
limited number of blood could be
drawn, usualy 30 ml, of which dl cy-
tokine determinations and preparation of
serum or plasma had to be performed.
After separation of cells by density cen-
trifugation over Ficoll-Hypaque (Phar-
mecia fine chemicals, Freiburg, Ger-
many) and severa washing steps; the
cdl number was adjusted to 1x10°
cellml with cell culture medium.
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Ex vivo treatment of patients
PBLs with the test substances

To further investigate the role of the
respective autologous bacteria used for
the treatment of the patients, six differ-
ent concentrations of each autovaccine
were used for the additional ex vivo
stimulation of the patients PBLs. The
final concentration of autovaccine in the
cdl cultures were 3x10%, 3x10°, 3x10°,
3x10°, 1,5x10° and 3x10° bacteria/ml,
together with 1x10%ml PBLs. A poly-
clona stimulus was also used, to deter-
minetheleve of immunological reactiv-
ity of the patients PBLs under these
experimental conditions. Negative con-
trols included medium treated cdl cul-
tures and dl experiments were per-
formed in duplicate wherever possible,
using 24-well cel culture plates (Nunc,
Wiesbaden, Germany). The incubation
period of the cultures (37°C, 5% CO,)
started with the addition of the PBLs
from the patients. Cells were incubated
over aperiod of 6h for the determination
of TNF-a. IL-1p, IL-2, IL-4 and GM-
CSF were measured after 24 h; |FN-y,
IL-6 and IL-10 were measured after 48
h of incubation. To the indicated time
points, cdl culture supernatants were
harvested by centrifugation (1200 rpm,
10 min., 4°C). After aiquotation, su-
pernatants were stored a -80°C (4
weeks a least) before the determination
of al cytokines with specific sandwich
ELISA tests.

Preparation of serum for the de-
termination of specific antibodies
and markers of the acute phase
response

Serum was prepared from whole
blood after complete coagulation a
room temperature for 3h according to
Rusch e a. (2001). Aliguots were
stored frozen at —25°C until determina-
tion of acute-phase markers and specific
antibodies. p2-microglobulin and neop-
terine (IBL diagnostics, Hamburg,
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Germany), IL-1RA (R&D Systems,
Wiesbaden, Germany) and sIL-2R
(Biosource, Ratingen, Germany) were
al determined by specific ELISA tests.
Because the sengitivity of the commer-
cialy available ELISA test for CRP was
too low, CRP was determined with an
ELISA developed by Affina Immun-
technik GmbH (sensitivity of < 0.03
ug/ml CRP).

ELISA procedures. Cytokines
The details of the ELISA procedures
were described recently by Rusch et d
(2001). All cytokines were determined
with specific Sandwich ELISA-tests,
using commerciadly available antisera.
For coating of the plates the following
antisera were used: Murine anti-human
IL-18  (2ug/ml, Genzyme, Munich,
Germany), rat anti-human IL-2 (2ug/ml,

PharMingen, Hamburg, Germany),
murine anti-human 1L-4 (1 pg/ml,
PharMingen, Hamburg, Germany),

murine anti-human IL-6 (1ug/ml, Boeh-
ringer Mannheim, Germany), rat anti-
human IL-10 (1ug/ml, PharMingen,
Hamburg, Germany), goat anti-human
IFN-y (kindly supplied by Prof. Dr.
Noll / MDC, 5.2 ug/ml), murine anti-
human-TNF-a (1 ug/ml, PharMingen,
Hamburg, Germany) and rat anti-human
GM-CSF (1 pg/ml, PharMingen Ham-
burg, Germany).

The appropriately diluted standards
and samples, both diluted with complete
cdl culture medium as follows: the IL-
2, IL-4, IL-10 and GM-CSF standards
were purchased from PharMingen
(Hamburg, Germany), whereas IL-6
and 1L-1p were supplied by Boehringer
Mannhem (Germany). The TNF-a
standard was supplied by Calbiochem
(Heidelberg, Germany) and the 1FN-y
standard was kindly supplied by Prof.
Cheperanov (Moscow, GUS). After
incubation for 1 h a RT and three to
four washes (each with 200 ul
PBS/0.05% Tween 20) the second anti-



Table 2: Acute phase response markers in 39 serum/plasma samples available for testing
before and after autovaccine application. The data are presented as median and range

Acute-phase protein Before 4-6 weeks after p-vaue
autovaccine application autovaccine application

CRP (pg/ml) 0.55 (0.05-6.62) 0.41 (0.03-5.42) 0.042*

SIL-2R (pg/ml) 87.4 (28.5-1535.0) 79.2 (35.8-1737.2) 0.187*

[3-Microglobulin (mg/l)  0.84 (0.66-1.54) 0.85 (0.67-1.18) 0.807**

IL-1RA (pg/ml) 332.9 (177.7-726.6) 311.4 (127.1-1021.1) 0.572*

Neopterine (NM/L) 4.7 (2.6-10.4) 45 (2.8-9.2) 0.728*

*p-value calculated with the Wilcoxon-Test, Median
** p-value, calculated with the paired t-test, Mean

bodies were added as described re-
cently, followed by the washing steps
(Rusch et a., 2001). Theresfter, the
substrate  solution  (Tetramethylben-
zidine, TMB, Fluka via Sigma/Aldrich
chemicals, Munich, Germany) was
added (100 ul/well) and the plates were
incubated a RT in the dark. The reac-
tion was stopped with 50 ul 2N H,SO,
(Merck, Darmstadt, Germany). The op-
tical density was measured at 450 nm in
a microplate reader (Titertek Multi-
scan®, Flow Laboratories, Mecken-
heim, Germany).

Acute phase proteins and deter-
mination of specific antibodies
and total immunoglobulin

The determination of CRP in patients
serum/plasma samples and the determi-
nation of specific antibodies was per-

formed as described recently (Rusch &
al., 2001).

Statistics

The calculation of the significance of
the data focused generally on an
ANOVA principle including the com-
parison of the mean values + standard
deviation (S.D.) for cytokines for al 60
donors. Unpaired and paired t-test were
used to compare cytokine values, acute
phase markers and immunoglobulin dif-
ferences between the different patients
in the case of norma distribution of the
data. Not normally distributed data were
caculated with the Rank Sum test ac-
cording to Wilcoxon and to Mann-
Whitney. P-values between 0.001 and
0.05 were considered to be statistically
significant.

RESULTS

Acute phase proteins

At the end of the study, plasma or
serum samples from 39 patients were
available for measurement of non-spe-
cific serum markers of inflammation
(Table 2). No datistically significant
differences between vaues obtained be-
fore autovaccine application and 4 to 6
weeks after therapy with autovaccine
were seen. However, the median vaue

for CRP was reduced about 23.5%
compared to the concentration found
before application of autovaccine. This
reduction in CRP reached borderline
significance (p= 0.042).

Specific antibodies and total im-
munoglobulin

The determination of total immuno-
globulin demonstrated that an applica
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Figure 1: The percent values of autovaccine-specific immunoglobulins determined from 39 pairs
of serum/plasma samples (taken the pretreatment values as 100%). Total antibody levels were
measured by laser nephelometry. They did not change above pre-treatment values (data not shown).
Autovaccine-specific immunoglobulins of the different isotypes were detected with an ELISA as
described in materials and methods. Only at least 10% increase in specific immunoglobulins was

seen.

tion of autovaccines during the observed
time span of 4 to 6 weeks did not
influence the total levels of the immu-
noglobulins IgG, IgM or IgA in plasma
samples derived from the patients (the
identical 39 pairs of samples as shown
inTable 1, data not shown). There was
no difference in antibody levels com-
pared to pretreatment. Only a very
dight increase of specific antibodies
against autovaccine of at least 10% was
detected for the isotypes 1gG, IgM and
IgA. Thisis shown in Figure 1.

Influence of autovaccine on ex
vivo cytokine release by patients
PBLs

The comparative analysis of dl cyto-
kine mean vaues (£S.D.) for differ-
ences between the first examination (U1
= before autovaccine trestment) and the
second time point (U2 = 4 to 6 weeks

after application of autovaccine) re-
vealed the following results: Figure 2
summarises the cytokine values for 60
patients under therapy with autovaccine
after additiona ex vivo stimulation of
their PBLs with the respective autolo-
gous bacteria. The ex vivo stimulation
of patients PBLSs resulted in a signifi-
cant decrease of the cytokines GM-CSF
(p = 0.004) and IFN-y (p= 0.007). In
contrast, the cytokine IL-18 was signifi-
cantly increased at U2 (p = 0.04). Al-
though IL-6 showed a tendency to in-
crease after application of autovaccine,
this enhancement reached no statistical
significance (p = 0.058). All other cy-
tokines measured remained unchanged
under application of autovaccine, when
the mean values of Ul and U2 were
compared, whereby IL-4 remained be-
low the detection level (see Figure 2).

DISCUSSION

This open pilot study with 60 pa
tients demonstrated for the first time,
that autovaccines prepared from autolo-
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gous bacteria according to a standard-
ised procedure are able to modulate the
human immune system preferentialy in
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Figure 2: The cytokine mean values £ S.E. in pg/ml measured from cell culture supernatants
from peripheral leukocyte cultures of 60 patients, before autovaccine application and 4 to 6 weeks
after autovaccine application. The PBLs from each patient were treated ex vivo with the respective
autovaccine and cytokines in the culture supernatants were determined as described in materials ad
methods. Statistically significant differences in cytokine production by patients PBLS were ob-
served with IFN-y (p<0.007) and GM-CSF (p<0.004) as both mediators were significantly dimin-
ished after application of autovaccines. In contrast, the cytokine IL-1f was found to be enhanced
(p=0.04). Please note that the concentrations of 1L-6 and IL-10 had to be divided by the factor 3 for

reasons of better graphical illustration.

an antigen-non-specific way, affecting
the key ,communication molecules
within in the immune response, the cy-
tokines. Based on the literature con-
cerning the immunological effects of
other autovaccine preparations (Zaluga,
1998; Rubisz-Brzezinska et al., 1994,
Okrasinska-Cholewa, 1994; Wilczynski
et a., 1995), differences as well as
gmilarities emerge between those
autovaccines and the bacterid prepara-
tion tested in this study. Some of the
bacteria preparations described else-
where were for example obvioudy ca
pable of inducing high levels of specific
antibodies whereas the autovaccines ex-
amined herein faled to do so. On the
other hand, thy cytokine profiles of pa-
tients PBLs were profoundly affected.
The question is what causes these im-
munological differences between differ-
ent preparations of autovaccines?

One explanation might come from
the different origin of the bacterid
strains used for the preparation of both
types of autovaccines. Whereas for ex-
ample Zaluga et al. (1998) used skin-
derived autologous strains of Propioni-
bacteriaceae, the autovaccines used in
our trial were derived from the autolo-
gous faecd flora of the individua pa
tients. The gastrointestinal flora nowa-
daysis accepted as playing a mgor role
not only in the pathogenesis of inflam-
matory gut diseases but also in the
modulation of physiological reactions of
the immune system (Sartor, 1997). Pre-
sent knowledge on functions of the in-
digenous microflora of the gut includes
profound effects on anatomical,
physiological and immunological devel-
opment of the host (Berg, 1996). Thus,
it may not be a surprise that the individ-
ual faecal autologous bacteria of each
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patient failled to induce a dramatic in-
crease in specific antibodies above nor-
mal levels of pre-existing ,,natural“ anti-
bodies.

However, even the small rise of
Autovaccine-specific  immunoglobulin
isotypes opens the possibility for the
interaction of different types of Fc-re-
ceptors with complexed gut-derived
autologous E. coli antigens, which
could initiate potent inflammatory path-
ways when not handled appropriately
by the immune system. Generdly re-
ceptors for the Fc doman of 1gG
(FcyR) represent a crucial link between
the humoral and cdl mediated immune
responses. The ligation of these recep-
tors can trigger a variety of immune ef-
fector functions (Van der Winkel and
Caperl, 1993; Daeron, 1997; Ravetch
and Bolland, 2001). So far the struc-
tural diversity of the different classes of
FCR and their variable capabilities to
ddiver activating (FcyRI, FcyRlla,
FcyRIlla) as well as inhibitory signals
(FcyRIIb), as described by Dijstelboem
et a. (2001), depends on the presence
of an immunoreceptor-Tyrosine-based
Activation Motif (ITAM) or an im-
munoreceptor Tyrosine-based Inhibitory
Motif respectively. Therefore it is
reasonable to assume that the control of
cellular activities of both the innate and
the adaptive immune system provides an
efficient means by which FCR mediates
immunoregul atory activities in
controlling non-specific and even spe-
cific inflammation. This might have
consequences for ongoing or memory
T-cell and B-cell responsesin terms of a
down regulation of excessive activation.
For example the inhibitory FCRyll was
described to set thresholds for B-cell
activation upon cross-linking with sur-
face 1g, a mechanism whereby immune
complexes can suppress the production
of antibodies. In view of the inflamma:
tory potentia of non-cleared immune
complexes this observation suggest for
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a profound role of FCR mediated im-
munoregulatory processes and consti-
tutesan ided link for the autovaccine to
control innate and adaptive immunity.

In view of the outstanding role of the
gastrointestinal immune system and the
autologous florain maintaining a certain
state of tolerance against harmless lumi-
nal and food antigens but inducing an
active immune response againgt infec-
tious agents the tight control of periph-
eral immune responses should not be
underestimated. With regard to celular
activation this recently demonstrated
clearly by the experimenta work of
Duchman et al. (1995), showing toler-
ance to the gastrointestinal microbia
flora but an enhanced periphera im-
mune response once tolerance was bro-
ken and conditions of impaired mucosal
barrier. The report of Kimura et al.
(1997) agreed very well with these ob-
servations. A large body of evidence
derived from a vast amount of experi-
mental anima data lead to the sugges-
tion, that the gastrointestinal flora may
also participate in the generation of mu-
cosal inflammation (Elson et al., 1995;
Srober and Kelsall, 1998), so that a
tight control of immunoregulatory cir-
cuits (Strober et al., 1997) controlling
the immune responses in the gut to-
wards potential harmful infectious or
harmless dietary antigens are of utmost
importance.

In view of the cytokine profiles
measured with patients PBLs in this
trial, IL-1p, IL-6 and IFN-y were re-
ported to exert profound pro- as well as
anti-inflammatory and immunoregula-
tory activities within the immune re-
sponse (Billau, 1996; Borish and
Rosenwasser, 1996; Barton, 1997,
Murphy et a., 2000). Notably, in view
of the pattern of cytokines influenced by
the autovaccine treatment of patients it
seems noteworthy to mention that in our
study classicd ,pro-inflammatory” cy-
tokines, normally readily released in a



co-ordinated manner upon contact with
bacteria and immune cells, such as
TNF-o, IL-1p and IL-6, seem not to be
upregulated simultaneoudly. It is gener-
aly accepted that in gram negative bac-
teria the Lipid A portion of LPS is the
main component in stimulating these
cytokines (Brandenburg et al., 1996).
Our observation of immunological dif-
ferences between the autovaccines de-
scribed elsewhere in the literature and
the autovaccine tested in this study, the
latter stimulating rather the release of
cytokines than inducing a specific anti-
body production, might be a hint for
structural  differences between those
bacteria preparations and our autovac-
cine. Due to the amphiphilic nature of
the LPS complex important structure-
function relationships of endotoxines or
the free Lipid A molecule exist
(Schromm et al., 2000). Thus it may be
conceivable that the E. coli strains used
for the autovaccine preparation, repre-
senting particularly ,,rough” variants,
may possess structural modifications of
the Lipid A-core-polysaccharide com-
plex leading to distinct biologica re-
sponses of human leukocytes. Two re-
cent studies with the application of puri-
fied endotoxines of normal E. coli to

human volunteers showed only partia
agreement with the cytokine profile
measured with the autovaccines in our
study (Zimmer et a., 1996; Lauw et al.,
2000). Both reports described a marked
downregulation of TNF-ao, IL-2 and
Interferon-y shortly after low-dose in-
travenous endotoxin administration to
healthy human volunteers. On the other
hand, a concomitant short rise in IL-4
and IL-10 was observed. These obser-
vations led the authors to suppose a
down regulation of cell mediated immu-
nity. These reports may support the idea
of structural differences between highly
purified E. coli LPS preparations and
the autovaccine used herein. However,
taking into account the broad time span
for measurement of ex vivo cytokine
release of patients PBLsS, which was
due to the preliminary character of the
present study and the limited amount of
blood available, differences in cytokine
profiles after more detailed kinetic
studies cannot be excluded. Further
clinical examinations are needed to con-
firm these preliminary results and most
importantly to obtain more information
on the immunomodulating role of this
highly interesting bacterial preparation.
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