
Autologous Self-Tolerance Inducing Cells of Monocytic
Origin and their Use in Pharmaceutical Preparations
The invention relates to autologous cells o f
monocytic origin, which are capable of inducing
immunologic self - tolerance in a patient. These cells
are subsequently designated "STIC" (self - tolerance
inducing cells) . The invention further relates t o
the use of STIC in pharmaceutical preparations for the
preven tion and/or treatment of diseases associated
with disturbed self - tolerance, a s in particular
autoimmune diseases and al lergies . In relation to
the invention the term "autologous" indicates that the
STIC are derived from monocytes from the blood o f the
respective patient t o whom the STIC are t o b e
administered. It has been shown b y the inventors that
the cells o f the invention are capable o f inducing
regulatory T-cells (Tregc 4+25+) The invention
therefore also relates t o the induction and/or in
vitro preparation o f regulatory T- cells. The immune
system protects the body from potentially pathogenie
antigens, a s for instance microorganisms, while it
nor mally avoids reacting with constituents o f the
body itself; i.e. the healthy immune system tolerates
"self antigens". Disturbed self - tolerance occurs
when specific adaptive (acquired) immune responses are
mounted against self antigens.The normal consequence
of an adaptive immune response against the foreign
antigen is the clearance of the antigen from the body.
When an adaptive immune response develops against self
antigens, it is, however, usually impossible for
immune effec - tor mechanisms to eliminate the antigen
completely and so a sustained response occurs. The
consequence is that the effec 



tor pathways of immunity cause chronic inflammatory
injury to tissues, which may prove lethal (see Immuno
Biology 5, The Im mune System In Health and Disease,
Garland Publishing 2001, Chapter 13, pages 501- 522).
Adaptive immune responses are initiated by the
activation of antigen - specific T and/or B cells, and
it is believed that autoimmunity is initiated the same
way (Immuno Biology, loc.cit. p . 501). One preferred
embodiment of the invention relates to the treatment
and/or prevention of autoimmune diseases using phar
maceutical preparations containing STIC. Two major
patterns of autoimmune diseases may be distin guished.
Diseases, in which the manifestation of autoimmunity
is restricted to specific organs of the body, are
known as ^organ - specific" autoimmune diseases,,
while, in "systemic" autoimmune diseases, many tissues
of the body are affected. Examples of organ - specific
autoimmune diseases are Hashimoto* s thyroiditis and
Graves' disease, which each predominantly af fect the
thyroid gland, and Type I insulin - dependent diabetes
mellitus, which affects the pancreatic islets.
Examples of systemic autoimmune diseases are systemic
lupus erythematosus and primary Sjogren's syndrome, in
which tissues as diverse as the skin, kidneys, and
brain may all be affected (see Immuno Biology,
loc.cit, page 503).There are autoimmune diseases,
which are primarily believed to be T cell -mediated,
as for instance insulin - dependent diabetes mellitus,
rheumatoid arthritis, and multiple sclerosis, while,
in other cases, the formation of antibodies to cell
surface or matrix antigens plays a dominant role, as
for example in auto 



immune hemolytic anaemia, autoimmune thrombocytopenic
purpura, Goodpasture's syndrome, pemphigus vulgaris or
acute rheumatic fever; a still other group are immune
- complex diseases, wherein both T cells and B cells
are involved, as for instance mixed essential
cyroglobulinemia, systemic lupus erythematosus or
rheumatoid arthritis (see Immuno Biology, loc.cit,
Fig. 13.1 on page 502) . A further embodiment of the
invention relates to the treatment of allergies with
the STIC of the invention formulated as pharmaceutical
preparations. It has recently been suggested that
regulatory T- cells play an important role in
controlling immune homeostasis, that is, an
orchestrated immune response to any infectious or
antigen re lated target including immunologic self -
tolerance, see Takeshi Takahashi and Shimon Sakaguchi,
International Review of Cytol ogy, 225 1- 32 (2003);
Shimon Sakaguchi, Vox Sang 83, 151- 153 (2002) Kathryn
J . Wood and Shimon Sakaguchi Nature Reviews
Immunology, 3 . 199- 210 (2003) . A s stated by
Takahashi et al ., loc.cit. page 1, Abstract, "Ac
cumulating evidence indicated that T cell -mediated
dominant control of self- reactive T cells contributes
to the maintenance of immunologic self - tolerance and
its alternation may lead to development of autoimmune
disease. Efforts to deline ate such regulatory T cell
populations have revealed that CD 25+ cells within the
CD4+ population in normal naive animals including
humans possess the regulatory activity. The CD25 +plus
CD4+ regulatory T cells are produced by the normal
thymus as a functionally distinct subpopulation of T
cells. They play critical roles not only in preventing
autoimmunity but also in 



controlling various immune reactions". In addition to
T cell mediated autoimmune diseases, the B cell
compartment of the immune system can trigger
autoaggressive diseases associated with the production
of antibodies directed against self cells (including
mast cells) , tissue and organ structures. It is well
known that B cell activation depends on T cell help in
such a way that T helper cells stimulate clonal B cell
ex pansion upon presentation of specific antigens.
Those antigens may be derived from fragmented
allergens and are then proc essed within the T cell to
small molecule peptides. These are then presented in a
MHC - restricted fashion in order to stimu late
antigen - specific activation. In order to prevent
uncontrolled or excessive B cell activa tion caused by
specific allergens which leads to allergic dis eases
on the one hand and which can induce disturbed
selftolerance on the other hand (see above),
regulatory T cells have the capacity to interfere with
T cell associated B cell activation and prevent
excessive and uncontrolled antibody production.
Similar to autoimmune diseases, also allergic diseases
can therefore be influenced and controlled by
increasing the amount of regulatory T cells
(CD4+/CD25+ T cells) . In particu lar, it has been
shown in mice suffering from EAE ("experimen tal
allergic encephalomyelitis") that the disease remits a
couple of weeks after CD4+ T cells have been
administered to these animals, and that the cure is
associated with resistanceto any further disease
induction (Bach, J.F. "Regulatory T Cells under
Scrutiny" Nature Reviews Immunology 3 : 189- 198 



(2003); Lando, Z . et al. "Effect of cyclophosphamide
on sup pressor-cell activity in mice unresponsive to
EAE" J . Immunol. 123: 21556 - 2160 (1979)). These
effects are similar to those shown for NOD mice in
which the progression of autoimmune dia betes can be
stopped by administration of CD4+ cells, further
leading to protection of the mice against new
outbreaks of the autoimmune disease (Bach, J .F.,
loc.cit.) . Examples for allergic diseases, which may
be associated with autoimmune reactions are all types
of allergies induced by non- self proteins, organic
and inorganic substances encounter ing the body. Of
particular importance in this regard are allergies
induced by pollen like e.g. hayfever and allergies in
duced by allergens like drugs, chemicals, viruses,
bacteria, fungi, house dust, food components, metals,
gas, body compo nents of animals such as skin scale or
hair, and animal ex creta. To date no effective
therapeutics are available for the pre vention and/or
treatment of diseases resulting from disturbed self-
tolerance . With respect to organ specific autoimmune
diseases, substitu tion treatment, transplantation or
symptomatic treatment with antiinflammatory agents
like cortisone are usually applied. With respect to
systemic autoimmune diseases, immuno suppres sive
agents are often used for treatment. Clearly these
"therapies" are problematic in many respects and
suffer from serious side effects. It is estimated that
up to 5% of the population are afflicted by autoimmune
diseases (Sakagushi, loc.cit., page 151, leftcolumn) .
Therefore, an urgent need exists for effective means 



for the prevention and/or treatment of diseases
associated with disturbed self-tolerance which are
easy to handle and which are not associated with the
health threatening side effects and the high costs
involved with the methods and agents to date applied
in the treatment of such diseases. It is therefore the
problem underlying the invention to pro vide improved
means for preventing and/or treating diseases
associated with disturbed self - tolerance. For the
solution of the problem, the use of autologous
selftolerance inducing cells (STIC) of monocytic
origin from ver tebrates, in particular from mammals
and more preferred from humans is proposed. These
cells are obtainable by the process of the invention
described below, which process results in modified
cells, capable of increasing the amount of regulatory
T- lymphocytes (CD4+/CD25 + T- cells) in the body of
an individ ual. After administration of approximately
105 cells/kg body weight (BW), these cells are
suitable for preventing and/or treating diseases
associated with disturbed self - tolerance. De scrip
io of his Figures Figure 1 : Flow cytometric
determination of the binding ca pacity of GM - 7 to
original monocytic cells before (graph on the left
hand side) and after (graph on the right hand side)
modification of the cells according to the invention.
The x axis indicates the number of bound cells.Figure
2 : Mixed lymphocyte culture of CD14 + monocytes from
an individual B (GM- 7 : grey column; GM-7 + : black
column) , responder cells from an MHC - discordant
donor A and irradiated cells from a donor B to 



compare the suppressor activity of CD14 +/GM- 7+ and
CD14 +/GM- 7 cells. Figure 3 : Flow cytometric
determination of the amount of CD14 + -monocytes and
of CD2 + - lymphocytes in the monocyte fraction as
well as the amount of the CD-14 +/CD3 +-cells
effective as TAIC, for deter mining the influence of
purifying the cells for enriching monocytes at the
beginning of the cul ture on the formation of
immunosuppressive CD14 +/CD3 +-cells. Figure 4 : Mixed
lymphocyte culture of PHA - stimulated lym phocytes
(PhaLy) and TAIC ("Mo+Ly" or "Mo"), preincubated in
two experiments with an inhibi tor (1-MT) of
indolamine - 2 3- dioxygenase (IDO) for determining
the influence of 1-MT on the suppressor activity of
the TAIC. Figure 5 : Flow cytometric determination of
GM- 7- expression in the blood of patients
postoperatively prior (left Figure) and after (right
Figure) injection of TAIC, for determining the
influence of TAIC on the in vivo - GM- 7- expression
in blood cells. Figure 6: H&E staining of colon
sections of mice suffering from dextran sulphate
sodium (DSS)-induced chronic colitis illustrating the
condition of the colon of an untreated animal of group
3 (Fig. 6A/B) , an animal of group 1 treated withSTIC
on day +1 following the DSS treatment (Fig. 



6C/D) , an animal of group 4 treated with "con trol
cells" at day +1 (Fig. 6E) and of an animal treated
with STIC at day +7 (Fig. 6F) . (magnifi cation x 2,5
in Fig. 6A/C/E; magnification x 10 in Fig. 6B/D/F)
Figure 7 : Changes in the body weight of mice
suffering from dextran sulphate sodium (DSS)- induced
chronic colitis in the course of a 3 week period after
the end of the DSS treatment. Animals of group 1 ()
have been treated with STIC at day +1, animals of
group 2 (A) have been treated with STIC at day +7,
animals of group 3 (T) have been untreated, while
animals of group 4 () have been treated with "control
cells" at day +1. The values are mean values obtained
from 5 to 7 mice per group, the standard deviation is
always below  15 % . Figure 8 : Results of the scoring
of histochemically stained colon sections of mice
suffering from dextran sulphate sodium (DSS)- induced
chronic colitis. Animals of group 1 have been treated
with STIC at day +I1, animals of group 2 have been
treated with STIC at day +7, animals of group 3 have
been untreated, while animals of group 4 have been
treated with "control cells" at day +1. (score 0 =
healthy unobtrusive find - ing; score 1 = minimal
colitis; score 2 = moder ate colitis; score 3 = heavy
colitis; and score 



4 = ulcerative colitis accompanied by destruc tion of
the whole mucosa) .Figure 9 : Changes in the body
weight of mice of the CD62L +/CD4+ SCID transfer model
of chronic experi mental colitis with reference to the
weight of the mice 6 weeks after the beginning of the
ex periment when they receive the cell therapy. Ani
mals of group 1 ( ) have been treated with STIC after
6 weeks, animals of group 2 () have been untreated and
animals of group 3 (A.) have been treated with
"control cells" after 6 weeks. The values are mean
values obtained from 6 mice per group, the standard
deviation is always below  15 % . Figure 10 :
Measurement of the colon length (Fig. 10A) and the
spleen weight (Fig. 10B) of mice receiving STIC (group
1); of untreated control mice (group 2 ) and of mice
receiving "control cells" (group 3) in the CD62L
+/CD4+ SCID transfer model of chronic experimental
colitis. The values are mean values  SEM. Figure 11 :
Scoring of histochemically stained colon sections of
mice of the CD62L +/CD4+ SCID transfer model of
chronic experimental colitis six weeks after cell
transfer. Animals of group 1 have received STIC,
animals of group 2 have been untreated and have
received no cell injection, while animals of group 3
have received "control cells". The values are mean
values  SEM. (score 0 = healthy un 



obtrusive finding; score 1 = minimal colitis; score 2
= moderate colitis; score 3 = heavy colitis; and score
4 = ulcerative colitis accompanied by destruction of
the whole mucosa) . Figure 12 : H&E staining of colon
sections of mice of the CD62L +/CD4 + SCID transfer
model of chronic ex perimental colitis illustrating
the condition of the colon of two untreated animals of
group 2 (Fig. 12A/B) , of two animals of group 3
treated with "control cells" (Fig. 12C/D) and of two
animals of group 1 treated with STIC (Fig. 12E/F) .
(magnification x 100) Summary of the in ention The
basic steps of the process for preparing autologous
selftolerance inducing cells (STIC) of monocytic
origin comprise: (a) Isolating monocytes from the
blood of the respective patient to whom the cells are
to be administered; (b) Propagating the monocytes in a
suitable culture medium which contains the macrophage
colony stimulating factor (hereinafter referred to as
M- CSF) as growth pro moting agent; (c) Stimulating
the monocytes with g - interferon (hereinaf ter called
g -IFN) ; and (d) Obtaining the self -tolerance
inducing cells formed in stage c) by separating the
cells from the culture me dium.A similar process is
described in the German Patent Applica tion DE 102 31
655.4 and in the International Patent applica tion
PCT/EP03/07551. In the aforementioned earlier patent
applications the cells so prepared are designated
"transplant 



acceptance inducing cells" (TAIC) . They are used for
inducing acceptance of allogeneic donor tissue in the
recipient. Impor tantly, the TAIC described in DE 102
31 655.4 and in PCT/EP03/07551 are derived from
monocytes of the donor and are administered to the
recipient in order to induce transplant acceptance.
This means that the TAIC are allogeneic to the in
dividual to be treated with the TAIC. In contrast, the
present invention is based on the concept of
"autologous treatment"; this means that an individual
suffer ing from disturbed self - tolerance, in
particular from autoim mune diseases and/or allergies
is treated with self - tolerance inducing cells (STIC)
which are derived from autologous mono cytes .
Therefore, while TAIC and STIC are both derived from
monocytes by essentially the same process, TAIC are
allogeneic to the patient to be treated, while STIC
are autologous in this re spect. With respect to the
process for producing STIC it has been shown that the
stimulation with g - IFN represents a decisive step
(see Example 2). In the context of the present
invention, the term self - tolerance inducing cells
(STIC) of monocytic origin desig nates the cell
population, which is obtained from step (d) of the
process described above. This cell population
comprises next to the cells derived from monocytes,
which are effectivein inducing self- tolerance, also
lymphocytes, see Example 4, as well as optionally
further cells derived from the mononu clear cell
fraction, as for instance granulocytes. The amount of
cells derived from monocytes within the STIC
-population is 



preferably 50 to 90 %, more preferably 60 to 70 %,
referring to the total cell number. With respect to
the present invention the term "total cell number"
refers to the amount of vital cells in the cell popu -
lation under consideration. This amount can be
determined by the "trypan blue dye exclusion
technique", since this dye al lows to distinguish
vital cells from non -vital cells by opti cal means .
The STIC may usually be used in a quantity of 104 -
106 cells per kilogram body weight, preferably 105
cells per kilogram body weight, to induce
self-tolerance. STIC administration may be carried out
repeatedly. The STIC according to the invention have
proved to be riskfree regarding the formation of
malignoma, both in the animal test and in culture;
this is a result which could not have been expected in
any other way because of the nature of the original
monocytic cell from which the cells according to the
invention are derived. A s in detail explained below,
further sub-populations of cells having optimized self
-tolerance inducing properties can be isolated from
the fraction of cells present in STIC, which are
derived from monocytes. Following in vitro cultivation
and stimulation of the original cells (monocytes) with
g - interferon, STIC are formed, which comprise a
sub-population of cells, see Example 3, which bindsthe
monoclonal antibody GM- 7 which is expressed by the
hybridoma cell line DSM ACC2542. The monoclonal
antibody GM- 7 is an antibody of the immunoglobulin
isotype IgG2a the light 



chain of which exhibits the kappa - isotype . The
characteristic property of this antibody is its
stringent capacity to bind to the monocytes modified
by the culture conditions according to the invention
since original monocytic cells are not recog nised,
i.e. binding of the antibody to the original cells
does not take place, (see Example 3). In addition, it
was demon - strated with 20 volunteers that GM- 7 does
not bind to human cells in the peripheral blood, see
Figure 5 . A s described in PCT/EP03/075551, the
antibody was prepared by immunising mice with TAIC
(corresponding to STIC) derived from human monocytes
using methods known to the person skilled in the art
(Davis, W .C . "Methods in Molecular Biology:
Monoclonal Antibody Protocols", New York: Humana Press
Inc. Totowa, 1995) . A hybridoma cell line was then
produced by fusion of a B cell generating the antibody
and a myeloma cell from the mouse. Methods used for
the preparation of such cell lines are known in the
state of the art (Davis, W .C . "Methods in Molecu lar
Biology: Monoclonal Antibody Protocols", New York:
Humana Press Inc. Totowa, 1995; Kohler, G ., Milstein,
C . "Continuous cultures of fused cells secreting
antibody of predefined specificity", Nature 256, 495-
497 (1975)). The hybridoma cell line producing the
antibody GM- 7 was deposited according to the rules of
the Budapest Convention at DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkultur GmbH, Braunschweig,
Germany) under the accession no. DSM ACC2542. Figure 1
shows the binding capacity, determined by flow cy
tometry, of GM- 7 to monocytic cells after in vitro
modifica  tion according to the invention. It can be
seen that the CD14- 



positive monocytes obtained directly from the
mononuclear cellfraction do not bind the antibody GM-
7 (the cloud shaded grey is congruent with the non-
shaded antibody control) . In con trast, following
cultivation in the presence of M- CSF and stimulation
with g - IFN, part of the monocytes express an anti -
gen which is recognised by the monoclonal antibody GM-
7 . The monoclonal antibody GM-7 was characterised as
isotype k- IgG2a - The process according to the
invention consequently leads to a change in the
phenotypic pattern of the antigen expression on the
cell membrane of the modified monocytes (Figure 1).
The monoclonal antibody GM- 7 binds specifically to
that cell population which, among those cells produced
by the process according to the invention, induce the
most effective selftolerance inducing cells (see
Figure 5). Therefore, a preferred embodiment of the
invention relates to such STIC, which are capable of
binding the antibody GM- 7 . These cells are
subsequently designated as STIC GM7 - The antibody GM-
7 according to the invention therefore repre sents an
extraordinarily effective and easy to handle agent for
selecting and purifying the cells inducing
self-tolerance (STIC) . By means of the antibody, it
is possible according to the invention to generate a
homogeneous and highly effective STIC population.
According to a preferred embodiment of the invention,
the self- tolerance inducing cells formed in step c)
of the above described process of the invention, which
express the antigen binding to the antibody GM- 7 may
either be selected directly from the culture medium
after step c), or they may be selected from the cell
population obtained after separating the cells 



from the culture medium according to step d ) of the
abovementioned process of the invention respectively,
by binding tothe antibody GM- 7 produced by the
hybridoma cell line DSM ACC2542. To select the STIC
according to the invention, the antibody is contacted
with the sample under conditions which permit bind ing
of the antibody to the self-tolerance inducing cells
pres ent in the sample. The reaction complexes
resulting from the binding reaction are subsequently
separated from the sample. For this purpose, the
antibody can be immobilised on a carrier material
before contact with the sample; for example, it can be
bound to a matrix suitable for chromatographic
purposes or to so- called "magnetic beads". This
procedure allows to select and concentrate self -
tolerance inducing cells from large vol umes of
sample. To obtain the self - tolerance inducing cells,
the bond between the antibody and the self- tolerance
inducing cells is sepa rated after the isolation of
the reaction complex from the sample. This can be
effected by methods known in the state of the art such
as e.g. by competitive displacement or by washing with
salt solutions. Corresponding methods are for instance
described by Utz U . et al. ("Analysis of the T- cell
Receptor repertoire of human T- cell leukemia virus
type - 1 (HTLV-I) Tax- specific CD8+ Cytotoxic T
Lymphocytes from patients with HTLV - I associated
disease: Evidence for the oligoclonal ex pansion" J .
of Virology Feb. 1996, 843- 851) . Moreover, the
monoclonal antibody GM- 7 permits the qualitative and
quantitative detection of the self- tolerance inducing
cells of monocytic origin according to the invention
in blood 



and/or tissue samples of the patient In vitro. The
formation of reaction complexes in the sample which
indicate the pres ence and, if applicable, the
quantity of the self-tolerance inducing cells is
detected by known methods.To detect the reaction
complexes, it is possible in this case to couple
("label") the antibody GM- 7 for example, directly
with a detectable molecule which is e.g. covalently
bound to the antibody. Suitable detectable molecules
are described in large numbers in the field of
molecular diagnostics and in clude, among others,
fluorescent dyes such as fluorescein iso - thiocyanate
or tetramethyl rhodamine - 5- isothiocyanate, lumi
nescent dyes, radioactively labelled molecules and
enzymes such as peroxidases (compare Lottspeich, F.,
Zorbas, H . "Bioanalytik", Spektrum Akademischer
Verlag GmbH, Heidelberg - Berlin, 1998). The detection
of the antibody takes place dependent of the molecule
selected for labelling of the former. In connection
with the present invention, the antibody GM- 7 was
coupled with the fluorescent molecule fluorescein
isothiocyanate (FITC) so that the detection of the
antibody could be carried out by means of flow
cytometry and/or fluorescence microscopy. Meth - ods
for labelling antibodies with FITC are known to the
person skilled in the art who operates in the field.
Alternatively, the reaction complex can also be
detected in a two - stage process using secondary
antibodies. In this connection, the unlabelled
antibody GM- 7 can be detected in the re action
complex with a further labelled antibody (compare Lott
speich, F., Zorbas, H . "Bioanalytik", Spektrum
Akademischer Verlag GmbH, Heidelberg - Berlin, 1998) .
This two - stage method 



of detection is considerably more sensitive than the
direct detection of binding of the antibody according
to the inven tion since several labelled secondary
antibodies can bind to one GM- 7 antibody (signal
amplification) .The antibody GM- 7 consequently allows
the detection of STIC in the peripheral blood of the
patient treated with STIC, for ex ample in the form of
"monitoring", during which the number of cells in the
peripheral blood is determined at specific time
intervals . A s is obvious to the person skilled in
the art, it is possible to prepare monoclonal
antibodies against STIC from monocytes also of
non-human vertebrates, in particular from monocytes of
primates and pigs modified according to the invention.
In this respect, the immunisation of the corresponding
host animals and the generation of the corresponding
hybridoma cell line are carried out as described above
for the STIC of human ori gin. A particularly
preferred embodiment of the invention relates to a
sub-population of the STIC of the invention, which
coexpress the antigens CD3 and CD14 on their cell
surface. These cells are subsequently indicated as
STIC CD3+ /CDI4+ - A S explained in more detail below,
these cells have been shown to induce the formation of
regulatory T- lymphocytes . STIC which co- express the
surface antigens CD3 and CD14 may either be directly
selected from the self- tolerance inducing cells
formed in step c) of the above described process of
the invention, or they may be selected from the cell
population obtained after separating the cells from
the culture medium according to step d) of the above
-mentioned process of the in 



vention, or they may alternatively be selected from
the STIC GM7 population. Further, it has been shown by
reference to the TAIC of PCT/EP03/07551 that the cells
prepared according to the proc  ess described herein
express the genes Foxp3, CTLA4 and Integrin aEb7
strongly (see Example 6, which corresponds to exam ple
12 of PCT/EP03/07551) . In contrast, these genes are
not or only to a small extent expressed by the
original mono cytes. The upregulation of the
expression of the genes Foxp3, CTLA4 and Integrin aEb7
is therefore a characteristic of STIC CD3 +/cDi4 +-
cells . A s discussed in Example 6, the expression of
the markers FoxP3, CTLA4 and Integrin aEb7 was
previously only described for regulatory T-
lymphocytes . T- lymphocytes, which co- express the
surface antigens CD4 and CD25 are a sub-population of
regulatory T- lymphocytes , which are also indicated
as "sup pressor cells". It is their function to
suppress the immune response of the body. In
particular, Foxp3 is seen as a specific transcription
factor, which serves as a control gene for the
development of regulatory T- cells, and which is spe
cifically expressed by these cells. According to the
inven tion, it is preferred that the STICCD3+/cDi4+-
cells express at least 1 x 10 9, more preferably at
least 5 x 10~9, and in particularly preferred manner
at least 1 x 10 8 mg Foxp3 - RNA per mg total RNA.
CTLM is similarly viewed as a marker for the detection
of the regulatory function of T- lymphocytes, in
particular of CD4/CD25 positive T- lymphocytes (see
the literature cited in Example 6). According to the
invention, the STICCD3+/cDi4+-cells 



should preferably express at least 5 x ICT7, more
preferably at least 3 x 10 6 and in a particularly
preferred manner at least 5 x 10~6 mg CTLA4 -RNA per
mg total RNA. Integrin aEb7 , which recognizes
epithelial Cadherin was re cently described by Lehmann
et al. in PNAS 9, pages 13031-13036 (2002) as a new
marker for a sub-population of highly potent
regulatory T-lymphocytes, which interact with the
epithelial environment. The expression of the Integrin
aEb7 RNA should according to the invention amount in
STIC CD3+/CDI4 +- cells to preferably at least 1 x
10~12, more preferably to at least 1 x 10"11, and in a
particularly preferred manner to at least 1 x 10~10,
and most preferably to at least 1 x 10 9 mg per 1 mg
total RNA. As shown in the Table in Example 6, the
direct co- culturing of the cells of the invention
with lymphocytes leads to a significant increase in
the number of regulatory Tlymphocytes, in particular
of CD4+/CD25 + cells in the lympho cyte population
with strongly up- regulated expression of the genes
Foxp3, CTLA4 and Integrin aEb7. The Example further
dem onstrates that this effect is not observed if the
cells of the invention are indirectly co- cultured
with lymphocytes. These results indicate that
stimulation of the formation and/or propagation of
regulatory T- lymphocytes by the cells of the
invention is involved in the induction of self -
tolerance by these cells. Example 7 (corresponds to
Example 13 of PCT/EP03/ b7551) confirms the hypothesis
of an involvement of the cells of the invention in the
induction of an immune response suppression by
reference to the TAIC of PCT/EP03/07551 (see above) .
In 



this Example, lymphocytes from recipient animals were
incu bated with immune suppressive cells from the
respective donor animals in vitro. For the induction
of tolerance, lymphocytes from the recipient pre -
incubated with donor derived TAIC were injected to the
animals instead of TAIC. Donor specific tolerance
could be induced also in this manner, while animals,
to which recipient lymphocytes not co- cultivated with
donor derived TAIC were administered, did not develop
toler ance. The STIC of the invention can be used as
such as a pharmaceu tical preparation. The cells
obtained from step d ) of the method of the invention
as described above can be used di rectly. About 10 -
50 % of the total cells of the populations so obtained
is formed by lymphocytes and granulocytes, which stem
from the initial monocyte isolate (mononuclear cell
fraction) . These cells support the formation of the
STIC of the invention derived from the monocytes in
the culturing step (see Example 4); they do not
interfere with the induc tion of self -tolerance if
the STIC of the invention are used as a pharmaceutical
preparation. However, according to further preferred
embodiments of the invention, the sub-populations STIC
GM7 and/or STIC CD3+ /CDI4 + y be isolated from the
totality of the STIC population obtained from process
of the invention (see above) and may be used for self
- tolerance induction. In culture media (see Example
2), the STIC and/or the STICGM7 and/or STIC CD3+
/CDI4+ y e kept for at least 48 hours without their
self- tolerance inducing effect becoming lost. For use
as pharmaceutical preparation, the STIC and/or the 



subpopulations STICGM _ 7 and/or STIC CD3+/CDI4+
suspended in e.g. hu man ABO compatible serum
(universally suitable for use) can be administered
intravenously as short transfusion. In this context
pharmaceutical preparations may comprise the STIC of
the invention in combination with conventional antiin
flammatory agents and/or conventional
immunosuppressants suchas steroids, in particular
cortisone, methotrexate, cyclophos phamide,
azathioprine, 5-aminosalicylic acid (5-ASA) , TNF- a
antibodies, a- interferon and B cell antibodies, such
as e.g. Rituximab, for the treatment of organ specific
or systemic autoimmune diseases . Further, the STIC of
the invention may be used for the treat ment of
allergies in combination with antihistamines, theo
phylline preparations, b-mimetics, steroids, in
particular cortisone, and chromoglycine acid. Detailed
description of the invention The starting cells for
the process according to the invention are autologous
blood monocytes, i.e. monocytes from the blood of the
respective patient to whom the cells of the invention
are to be administered. Preferably, the autologous
monocytes are from human blood. The monocytes may be
obtained by any isolation process, in particular by
leukapheresis or from the mononuclear cell fraction
from whole blood (buffy coat) . Leu kapheresis is
particularly preferred. Leukapheresis is a general
term for a multi - step procedure us ing a
commercially available apheresis apparatus, wherein
whole blood from a human subject is withdrawn,
separated into 



fractions and the fractions, except for the
mononuclear cell fraction, are retransfused into the
human subject. This proce - dure may be carried out as
outlined e.g. in further detail in EP 0 591 194
Bl.Alternatively, the blood can first be separated,
after the usual treatment with an anticoagulant, into
plasma and into white and red blood cells using
methods known in the art, preferably by
centrifugation. After centrifugation, the plasma will
be present in the supernatant; below it, there is a
layer which contains the white blood cells in their
entirety. This layer is also referred to as buffy -
coat. Below this is the phase containing the red blood
cells (hematocrit) . In connection with the process
according to the invention, the mononuclear cell
fraction is first isolated and separated to obtain the
monocytes e.g. by centrifuging according to known
methods. According to a preferred process embodiment,
the mononuclear cell fraction is applied onto a
lymphocyte separa - tion medium (Ficoll- Hypaque) and
centrifuged (see Example 1). Example 1 describes the
preferred embodiment of the inven tion, wherein the
erythrocytes and dead cells which might still be
contained in the mononuclear cell fraction are sepa
rated by centrifuging, and the white blood cells
including the monocytes are present as an isolate on
the separation me dium. Thereafter, the white phase
may be carefully pipetted off, and, for enrichment of
the monocytes within the isolate, is repeatedly
centrifuged and washed. In the course of this process,
the monocytes will assemble at the bottom of the
centrifuge vessel together with a part of the
lymphocytes. According to a particularly preferred
embodiment of the 



method of the invention, the conditions for obtaining
the monocyte containing isolate are controlled such
that the iso - late contains about 10 - 50 %
lymphocytes next to the mono cytes, by reference to
the total number of cells. Preferably, the isolate
contains about 50 - 90 %, in a particularly pre ferred
manner 60 - 70 % monocytes and about 10 - 50 %, in a
particularly preferred manner 20 - 50 % lymphocytes,
each byreference to the total cell count, wherein the
difference will optionally be provided by granolocytes
. A s shown in Example 4, the presence of lymphocytes
in a mag - nitude of 20 - 30 %, referred to the total
cell count, during the culturing of the original
monocytes with MCSF and g- interferon will lead to the
generation of a significantly higher amount of
CD3/CD14 - double positive STIC, as will be the case
if only few lymphocytes (about 5 %) are present (see
Figure 3). To prepare a sufficient quantity of STIC it
is first necessary to allow propagation of the
monocytes. For this purpose, known growth media
suitable for monocytes can be used; however, the
medium must contain the growth factor M- CSF
(macrophage - colony - stimulating - factor) . M- CSF
(also- called CSF - I) is pro duced by monocytes,
fibroblasts, lymphocytes and endothelial cells. The
concentration of M- CSF in the culture medium may
preferably amount from 2 to 20 mg/1 medium, more
preferably 4 to 6 mg/1 and in particularly preferred
manner 5 mg/1. Preferably, the growth medium does not
contain the granulocyte macrophage colony stimulating
factor (GM- CSF) , because the yield of STIC is
reduced in the presence of this factor. Subsequently
or simultaneously, the cells must be stimulated 



with g - IFN, i.e. they must be cultured in the
presence of g - IFN. The stimulation of the monocytes
with g - IFN takes place after an initial propagation
phase lasting 3 to 6 days in the culture medium
containing the growth factor. Preferably on day 4
after the beginning of cultivation in the presence of
M-CSF, g - IFN stimulation is started and this
stimulation is extended over a period of preferably 24
to 72 hours, more preferably 48hours under incubator
conditions i.e. at 370C and in a 5% CO2 atmosphere.
The concentration of g - IFN in the medium may be 0.1
to 20 ng/ml, preferably 1 to 10 ng/ml and particularly
preferably 5 ng/ml. The stimulation with g - IFN may
begin simultaneously with the propagation of the
monocytes in the medium containing the growth factor.
However, stimulation after a 3 to 6 day long initial
propagation phase, as indicated above, is preferred.
The propagation of the cells and stimulation with g -
IFN should, overall, preferably not take more than 8
days. In any case, treatment with g - IFN should be
carried out such that after the propagation phase it
lasts for at least 24 hours, at maximum 72 hours,
preferably 48 hours. The period for propaga tion and
stimulation of the cells should consequently last for
a total of preferably 4 to 8 days. According to a
preferred embodiment of the invention, the propagation
and stimulation with g - interferon is carried out as
indicated in Example 2 in such a way that the
monocytes are first propagated in a culture medium
containing the growth factor and that g - IFN is added
to the culture medium after 3 to 6 days in such an
amount that a concentration of 0.1 to 20 



ng/ml r preferably 1 to 10 ng/ml and particularly
preferably 5 ng/ml is obtained in the medium.
Preferably, the process according to the invention is
carried out in culture vessels the surface of which
has previously been coated with fetal calf serum (FCS)
or preferably with hu man ABO compatible serum (see
Example 2 ). Coating with FCS can take place by
covering the surface of the culture vessels withFCS
before use and, following a period of interaction of a
few hours, in particular 4 to 72 hours, preferably 12
to 48 hours and in particular 24 hours, removing the
FCS not adhering to the surface in a suitable manner.
The coating with human ABO compatible serum is carried
out in the same manner as de scribed above. During the
culturing step the cells will settle at the bottom of
the culturing vessel after about 24 hours. Due to
their adhesive properties the monocytes and the STIC,
derived from the monocytes during the process, will
then adhere to the bottom of the respective culture
vessel. If, as described in Example 2, the culture
medium is changed during cultivation, the supernatant
is initially carefully removed, for instance by
pipetting off or decanting, and subsequently fresh
culture medium is filled in. Preferably, however, the
cells adhering to the bottom are not or only carefully
washed, so that any lymphocytes present are not
removed. Removing the adhering cells can take place
mechanically, e.g. by means of a fine cell scraper or
spatula. According to a preferred embodiment of the
process according to the invention, however, the
complete removal of the cell takes place by treatment
with a suitable enzyme, e.g. with 



trypsin (see Example 2). The trypsin solution (0.1 to
0.025 g/1, preferably 0.05 g/1) can be allowed to act
onto the cells for 2 to 10 minutes at 35C to 39C,
preferably at 37C, in the presence of 5% CO2 . The
enzyme activity is then blocked in the usual manner
and the now freely floating STIC can be obtained in
the usual way by centrifuging. They are then available
for immediate use,optionally in suspension in a
suitable medium, e.g. in PBS. However, they can also
be kept for several days, in particular for
approximately 2 to 3 days, in a nutrient medium (see
Exam ple 2), wherein this preservation medium should
contain nei - ther the growth factor nor g - IFN. The
cells can be kept in such a nutrient medium as STIC
for at least 48 hours. For storage over longer
periods, the cells can be deep frozen. Protocols for
deep freezing of living cells are known in the state
of the art, compare Griffith M . et al., ("Epithelial
Cell Culture, Cornea", in Methods of tissue
engineering, Atala A . and Lanza R .P., Academic Press
2002, chapter 4, pages 131- 140) . A preferred
suspension medium for deep freezing of the cells
according to the invention is ABO compatible serum or
FCS both supplemented with DMSO. According to one
embodiment of the invention the cell suspen sion
containing self- tolerance inducing cells obtained
from steps c) or d ) may be further purified with
respect to those cells, which bind the antibody GM- 7
so as to obtain a subpopulation STICGM7 Methods for
such purification are described above in detail.
According to a further preferred embodiment of the
invention such cells are selected from the STIC
population, which coexpress 



the antigens CD3 and CD14 on their cell surfaces.
Methods for selecting such cells are known in the art.
Exam ples for such methods are the "Fluorescent
-Activating Cell Sorting" (FACS), the "Immuno Magnetic
Bead Sorting" and the "Magnetic Activated Cell
Sorting" (MACS), or the so- called "Rosetting Method"
[see Gmelig -Meyling F . et al. "Simplified procedure
for the separation of human T- and non- T- cells", Vox
Sang. 33, 5- 8 (1977)] .The selection of the STIC sub
-population STIC CD3+/CDI4 + can take place directly
from the STIC population obtained from steps c) or d )
of the above - described process of the invention, or
from the STIC GM7- sub - population. The latter way to
proceed means that a stepwise enrichment of STIC CD3+
/CDI4+ will take place. In a preferred embodiment of
the invention the cells of the STICCD3+/cDi4+ sub -
population according to the invention are used per se
for the production of a pharmaceutical composition for
the in vivo prevention and/or treatment of autoimmune
dis eases . Examples of such autoimmune diseases are:
(r) Rheumatic diseases with autoimmune features, in
particular rheumatoid arthritis, SLE, Sjogren's
disease, scleroderma, dermatomyositis, polymyositis,
Reiter s syndrome;  Diabetes mellitus; o Autoimmune
diseases of the blood and blood vessels, in par
ticular autoimmune hemolytic anemia (AIHA) ,
autoimmune thrombocytopenic purpura (ITP) anti -
phospholipid antibody syndrome, vasculitis
(Polyarteritis nodosa group,. Wegener* s
granulomatosis, hypersensitivity vasculitis, giant
cell ar teritis) systemic lupus erythematosus, mixed
essential cyroglobulinemia; 



Autoimmune diseases of the liver, in particular
autoimmune hepatitis, primary biliary cirrhosis and
primary sclerosing cholangitis; Autoimmune diseases of
the thyroid, in particular Hashi moto's disease,
Graves' disease;  Autoimmune diseases of the central
nervous system, in par - ticular multiple sclerosis,
myasthenia gravis; and  Bullous Skin Diseases, in
particular pemphigus vulgaris, pemphigus vegetans,
pemphigus foliaceus, Senear - Usher syn drome and
Brazilian pemphigus. The usefulness of STIC for
inducing self - tolerance is shown for mice in two
model systems of artificially induced colitis
resembling an autoimmune disease (see Examples 8 and
9). These models are the dextran sulphate sodium
(DSS)- induced chronic colitis (Example 8) and the
CD62L +/CD4 + SCID transfer model of chronic
experimental colitis in mice (Example 9). In both
models mice develop a chronic colitis with symptoms re
sembling the human colitis ulcerosa. In both model
systems administration of STIC shortly after the
disease onset leads to the suppression of the typical
symptoms of the colitis compared to untreated animals
or animals treated with "control cells" that do not
contain STIC (see Examples 8 and 9) A s discussed
above, excessive immune reactions are also in volved
in the development of allergies. It has been shown by
Bach et al. (loc. cit.), that CD4+ cells, which
comprise CD4+/CD25 + cells as a subpopulation, can
mitigate the progres  sion of experimental allergic
encephalomyelitis (EAE) . Since, as shown herein, the
administration of STIC results in the inauction of an
increase of the CD4+/CD25 + T cell population, the 



cells are also useful for the treatment of allergies.
So, according to a further preferred embodiment of the
inven - tion, STIC containing pharmaceuticals are used
for the preven tion and/or treatment of allergies.
Pharmaceutical preparations may contain vital STIC
according to the invention, which are obtained from
step d ) of the proc - ess of the invention, suspended
in a pharmaceutically accept able carrier preferably
in a quantity of about 1 x 105 to 1 x 107 cells/ml and
more preferably of about 1 x 106 cells/ml of the
preparation. In a further preferred embodiment of the
invention the cells of the STICGM7 sub-population
according to the invention are used per se for the
production of a pharmaceutical composition for the in
vivo prevention and/or treatment of diseases asso
ciated with disturbed self - tolerance. In one
embodiment of the invention such pharmaceutical prepa
ration may contain vital STICGM7 cells according to
the inven tion which bind to the antibody GM- 7
suspended in a pharma cologically acceptable liquid
carrier,, preferably in a quan - tity of about 1 x 106
to 1 x 108 cells/ml and more preferably of about 1 x
106 cells/ml of the preparation. In the most preferred
embodiment of the invention such pharma ceutical
preparation may contain vital STIC CD3+/CDI4 + cells
according to the invention, which co- express the
antigens CD3 and CD14, in a quantity of preferably
about 5 x 105 to 5 x 107 cells/ml and more preferably
of about 5 x 10b cells/ml of the preparation.The above
described pharmaceutical preparations may contain the
cells according to the invention suspended in a physio



logically well-tolerated medium. Suitable media are
for exampie Ringer solution, physiological saline or 5
to 20 % human albumin solution and the like. The
pharmaceutical compositions containing STIC according
to the invention may be administered via a variety of
routes of administration depending on the body site(s)
affected by the respective disease. In preferred
embodiments of the invention said pharmaceutical
compositions can be administered intrave nously,
intraportally, subcutaneously, intradermally,
intraperitoneally or intrathecally . The
pharmaceutical compositions can further be
administered directly into a specific organ, such as
the liver or muscle, per inhalation or into body cavi
ties . The pharmaceutical preparations containing STIC
as active ingredients can also be used for the
prevention of autoimmune diseases in those cases where
the gene responsible for the de velopment of the
disease is known. If an individual is diag nosed as a
carrier of a gene associated with one or more auto
immune diseases, the outbreak of the disease can be
prevented by administering STIC derived from
autologous monocytes in an early stage of life. In a
preferred embodiment of the inven tion the autologous
STIC are cocultured with autologous lym phocytes and
with the peptide expressed by the respective gene.
This will lead to the development of autologous regula
- tory T- lymphocytes specific for the respective gene
product. These regulatory T- lymphocytes can then be
re- administered to the respective individual as
described below in Example 7 (corresponds to Example
13 of PCT/EP03/07551) .In a further embodiment of the
invention, STIC can be used for 



prevention in those cases where the autoimmune disease
occurs in intervals, as for instance in rheumatoid
arthritis. If the pharmaceutical preparation
containing STIC is administered after the first or a
subsequent break out of the disease, fur ther break
outs can be prevented. Cell preparations according to
the invention may contain vital STIC, which are
obtained from step d) of the process of the invention.
Alternatively, the preparations may contain cells
belonging to the sub-populations of STICGM7 cells,
which bind to the antibody GM- 7 or of STIC CD3+
/CDI4+ cells, which co- express the antigens CD3 and
CD14 on their cell surface. The prepara tions may
contain the respective cells in a quantity of pref -
erably at least 1 x 105, more preferably at least 5 x
105 and most preferably at least 1 x 106 cells per ml
suspended in a liquid carrier medium. The medium may
be a cell culture or transport medium well - tolerated
by cells, such as 5 to 20% hu man albumin solution.
Alternatively, the cells within the preparation may be
deep - frozen and contained in a suitable storage
medium, such as e.g. RPMI with 50% human albumin solu
tion and 10% DMSO. Finally, the invention also relates
to a method wherein the self - tolerance inducing
cells of the invention (STIC, STIC GM7 or
STICCD3+/cDi4+) are used for generating or expanding
autologous regulatory T- lymphocytes in vitro. As
shown in Example 6 (cor responding to Example 12 of
PCT/EP03/07551) , the direct in vi tro cocultivation
of TAIC, corresponding to STIC with lymphocytes leads
to a significant proliferation of regulatory
Tlymphocytes, in particular of CD4+/CD25+ lymphocytes.
It is 



therefore possible to generate and/or expand
autologous regu  latory T- lymphocytes, in particular
CD4+/CD25+ lymphocytes, bydirectly coculturing STIC
derived from monocytes of an indi vidual with
autologous lymphocytes. Direct in vitro culturing
means according to the invention that STIC and
lymphocytes are cocultured in direct physical contact
within the same medium, as I.e. exemplified in Example
6. In this method the medium preferably contains the
respective cells i.e. STIC and lymphocytes in about
equal cell numbers and each in a quantity of
preferably at least 1 x 10s more preferably at least 5
x 105 and most preferably at least 1 x 106 cells per
ml suspended in a liquid carrier medium; the me dium
may be a cell culture or transport medium well
-tolerated by cells, such as 5 to 20% human albumin
solution. The cocultivation preferably should take
place under physiological conditions at about 370C,
e.g. in an incubator, for preferably about 3 to 5,
more preferably 4 days. It was shown in Example 7
(corresponding to Example 13 of PCT/EP03/07551) , that
transplant acceptance can not only be induced by
administering TAIC generated from donor monocytes to
the recipient, but also by readministering recipient
lym phocytes to the recipient, which have previously
been directly cocultured in vitro with TAIC prepared
from donor monocytes as described above. Similarly,
self-tolerance can be induced by readministering
autologous lymphocytes to the patient, which have
previously been directly co- cultured with STIC
prepared from the patient's own monocytes. According
to a further embodiment of the invention regulatory 



T- lymphocytes can therefore be prepared in vitro from
lympho cytes originating from the individual to be
treated, by directcoculturing of lymphocytes from this
individual with STIC originating from monocytes of
this individual. Readministering the cocultivated
lymphocytes to the recipient will lead to in duction
of self - tolerance, as shown in Example 7 . 5 The
regulatory T- lymphocytes so prepared may be isolated
by FACS as described herein (see above) and may be
used in a pharmaceutical preparation for preventing
and/or treating of diseases associated with disturbed
self - tolerance wherein the 10 cells are suspended in
a pharmacologically acceptable carrier as described
above. The invention is illustrated in further detail
by way of exam ples. 15 If not defined within the
examples, the composition of the m e dia and
substances used are as follows: 1 .
Penicillin/streptomycin solution: 20 10,000 units of
penicillin as sodium salt of penicillin G and 1000 mg
streptomycin as streptomycin sulphate per m l
physiological sodium chloride solution (NaCl 0,85 % )
(Gibco Catalogue No. 15140122). 25 2 . p si - D z 0.5
g trypsin and 0.2 g EDTA (4 Na) /1 3 . RPMI 1640 (Ix,
liquid (11375)) contains L-Glutamine 30 RPMI (Roswell
Park Memorial Institute) Media 1640 are en 



riched formulations,, which can be used extensively
for mam malian cells.Components Mol.-weight Cone,
(mg/1) Molarity (nM) Inorganic salts Calcium nitrate
(Ca(NO 3)2 4H2O) 236 100.00 0.424 Potassium chloride
(ECCl) 75 400.00 5.30 Magnesium sulphate (MgSO 4) 120
48.84 0.407 Sodium chloride (NaCl) 58 6000.00 103.44
Sodium bicarbonate (NaHCO 3) 84 2000.00 23.800 Sodium
phosphate (Na2HPO 4) 142 800.00 5.63 Further
components Glucose 180 2000.00 11.10 Glutathione,
reduced 307 1.50 0.0032 Phenol red 398 5.00 0.0125
Amino acids L-Arginine 174 200.00 1.10 L-Asparagine
132 50.00 0.379 L-Asparaginic acid 133 20.00 0.150
L-Cysteine dihydrochloride 313 65.00 0.206
L-Glutamininc acid 147 20.00 0.136 L-Glutamine 146
300.00 2.05 Glycine 75 10.00 0.133 L-Histidine 155
15.00 0.0967 L-Hydroxyproline 131 20.00 0.153
L-Isoleucine 131 50.00 0.382 L-Leucine 131 50.00 0.382
L-Lysine hydrochloride 146 40.00 0.219 L-Methionine
149 15.00 0.101 L-Phenylalanine 165 15.00 0.0909 



L-Prohne 115 20.00 0.174 L-Serine 105 30.00 0.286
L-Threonine 119 20.00 0.168 L-Tryptophan 204 5.00
0.0245 L-TyiOsiae disodium, dihydrate 261 29.00 0.110
L-Valine 117 20.00 0.171 Vitamins Biotin 244 0.20
0.008 D-calcium pantothenate 477 0.25 0.0005 Choline
chloride 140 3.00 0.0214 Folic acid 441 1.00 0.0022
i-Inositol 180 35.00 0.194 Niacinamide 122 1.00 0.0081
p-aminobenzoic acid (PABA) 137 1.00 0.0072
PyridoxineHCl 206 1.00 0.0048 Riboflavin 376 0.20
0.0005 Thiamin HCl 337 1.00 0.0029 Vitamin B12 1355
0.005 0.00000369 Reference : Moore G . E . e t a l . ,
J . A . M. A . 199 : 519 ( 1967 )4 . PBS (Dulbecco's
phosphate buffered saline) cf. J . Exp. Med. 98:167
(1954): Components g/i KCl 0 . 2 KH2PO4 0 . 2 NaCl 8.
00 Na2PHO4 1 . 15 5 . Ficoll -Hypaque: Lymphocyte
separation medium (saccharose/epichlorohydrin -
copolymerisate Mg 400,000; Density 1.077, adjusted
with So 



dium diatrizoate) . 6 . L - GIutamine Liquid: 29.2
mg/ml 7 . Macrophage -colony stimulating factor
(M-CSF) Recombinant human M - CSF from E . coli;
contains as monomer (18.5 kD) 135 amino acid residues
including the N - terminal methionine; is present as a
homodimer with a molar mass of 37 kD; (SIGMA Catalogue
No. M 6518) 8 . g-Interferon Cg- IJM) Recombinant
human g- IFN from E . coli; 16.7 kD protein con
taining 143 amino acid residues (CHEMICON Catalogue
No. IF002) 9 . Dextran sulphate sodium Sigma -Aldrich
31403, salt, MW 40 kDExample 1 Separation of Monocytes
from whole Blood Whole blood was obtained from human
patients by two different methods : a ) Leukapheresis:
Leukapheresis was carried out using a COBE (r) Spectra
(tm) apheresis system (Gambro BCT, Lakewood, CO, USA)
in the mononuclear mode (MNZ) according to the
manufacturer's instructions (COBE Spectra Version
4.7/5.1/6.0/7.0). b ) Conventional separation of blood
components: 450 m l whole blood was mixed in a triple
chamber bag set with 63 m l of a stabiliser solution
which contained, per litre H2O , 3.27 g of citric
acid, 26.3 of g trisodium citrate, 25.5 g of dextrose
and 22.22 g of sodium dihydroxy phosphate to avoid
coagulation of the blood and to feed the cells. The pH
of the solution was 5.6 - 5.8. 



To separate the components of the blood, "sharp
centrifuging" of this mixture was subsequently carried
out at 4000 rpm for 7 minutes at 200C . This resulted
in the layering of the corpuscu lar and non -
corpuscular components within three layers. By using
the bag set in a compression machine provided for this
purpose, the erythrocytes were then pressed into the
lower bag, the plasma was pressed into the upper bag
and the socalled buffy - coat remained in the middle
bag and contained a volume of approximately 50 ml.
From both methods, the quantity of 50 ml of freshly
obtained mononuclear cell fraction was then divided
into 2 portions of 25 m l each and layered onto 25 ml
of Ficoll - Hypaque separationmedium respectively
which had been introduced previously into two 50 m l
Falcon tubes. This preparation was centrifuged for 30
minutes at 2500 rpm without braking. Thereafter, any
erythrocytes and dead cells that might still be
present in the mononuclear cell fraction were below
the Ficoll phase, whereas the white blood cells,
including the monocytes, were separated off on the
Ficoll as white interphase. Subsequently, the white
interphase including the monocytes was carefully
removed by pipetting and mixed with 10 m l of phos
phate-buffered saline (PBS). This preparation was then
centrifuged three times for 10 min utes at 1800 rpm
with braking, the supernatant being removed by
pipetting after each centrifuging process and fresh
PBS be ing introduced. The cell pellets assembled at
the bottom of the centrifuging vessel (Falcon tubes)
contained the mononuclear cell fraction, 



i.e. the monocytes. c ) The monocytes required for the
mouse experiments 8 and 9 (performed with genetically
identical mice) were obtained from spleens of
syngeneic donor mice. The spleens were passed through
a small meshed sieve under slight pressure and the
thus separated cells were resuspended in PBS. The
suspended spleen cells were layered onto a 25 m l
Ficoll -Hypaque separa - tion medium which had been
introduced previously into 50 m l Falcon tubes . The
procedure was then continued in the same way as
described above.Example 2 Propagation and Modification
of the Monocytes 5 The cultivation and propagation of
the monocytes was carried out in nutrient medium with
the following composition: RPMI 1640 medium 440 m l
Fetal calf serum (FCS), 50 m l alternatively, ABO
compatible serum Penicillin / Streptomycin 5 m l
Solution Total volume 500 m l The nutrient medium
contained 2,5 mg / 500 m l M- CSF. 10. The monocytes
isolated in Example 1 were suspended in a total
quantity of 106 cells in 10 m l of the nutrient medium
and transferred onto a Petri dish (100 mm in diameter)
. The Petri dish had previously been filled with pure
inactivated FCS and 15 the FCS had been poured off
after 24 hours in order to obtain, in this way, a dish
coated with FCS. 



The Petri dish was covered with the appropriate cover
and kept for 3 days in an incubator at 37C. The cells
settled at the 20 bottom of the Petri dish after 24
hours. On day two, the su pernatant was pipetted off
and the Petri dish again filled with 10 m l of fresh
nutrient medium. On day 4, 50 ng g - interferon in 10
m l nutrient medium were 25 added and the dish was
again closed and kept for a further 48 hours in the
incubator at 37C.Subsequently, 10 m l of trypsin
solution each diluted 1:10 with PBS were pipetted into
the Petri dish. The closed Petri dish was kept for 10
minutes in the incubator at 37C. Thereafter, the
separation of the cells adhering to the bottom of the
Petri dish was carried out with a cell scraper in such
a way that the major part (>90%) of the cells floated
in the supernatant. The total supernatant (10 ml of
trypsin solution + 10 m l of medium) was pipetted off,
combined in a 50 ml Falcon tube and centrifuged for 10
minutes at 1800 rpm. The supernatant was then
discarded and fresh nutrient medium (see above) was
added to the precipitate (the remaining cell pellet) ,
1 ml of nutri ent being added per 106 cells. The
determination of the cell count for the determination
of the exact dosage took place ac cording to known
methods, compare Hay R.J., "Cell Quantifica tion and
Characterisation", in Methods of Tissue Engineering,
Academic Press 2002, Chapter 4, p . 55- 84. This cell
suspension was centrifuged (1800 rpm, 10 minutes, see
above) and the cell pellet were incorporated either
into PBS or for application in man into NaCl
(physiol.). Subse - quently, the intravenous
administration can take place di 



rectly or within 48 hours. Alternatively, after
centrifuging and discarding the super natant
containing trypsin, FCS/DMSO was added as freezing
medium to the cells and these were deep frozen in a
volume of 10 ml.The freezing medium contained 95% FCS
and 5% DMSO. In each case, approximately 106 cells
were incorporated into 1 ml of the medium and cooled
in the following steps : 30 minutes on ice; 2 hours at
- 200C in the pre - cooled Styropor box; 24 hours at -
800C in Styropor; Storage in small tubes in liquid
nitrogen (N2) at - 1800C . Figure 1 shows the
phenotypic changes in the antigen expres sion,
determined by flow cytometry, on the monocytes used af
ter cultivation and g - IFN stimulation of the
original mono cytic cells. The cultivation and g - IFN
stimulation of the original monocytic cells leads to
significantly increased binding of GM- 7 after
modification (right hand graph in Fig. 1) compared to
cells before modification (left hand graph in Fig. 1).
Examples 3 to 7 below are taken from PCT/EP03/07551 .
They characterise the transplant - acceptance inducing
cells (TAIC) disclosed therein. Due to the similarity
of the TAIC of PCT/EP03/07551 and the self - tolerance
inducing cells (STIC) of the present invention (see
above) the results reported in these examples also
apply to the STIC. More precisely, the results of
Examples 3 to 7 below show  that a cell population
with optimised suppressor function can be isolated
from the TAIC population obtained after cul 



tivation of original monocytes with M- CSF and g
-IFNstimulation through the availability of the
monoclonal anti body GM- 7 (Example 3); that
lymphocytes present in the monocyte fraction have a
great influence on the generation of CD14 +/CD3+ -
cells ef fective as TAIC (Example 4);  that the IDO-
inhibitor 1-methyltryptophane has no influence on the
suppressor function of the TAIC (Example 5);  that
direct in vitro co- culture of TAIC of donor A
together with lymphocytes of a donor B . induces the
formation of regulatory T- cells, i.e. CD4+/CD25+ -
lymphocytes (Example 6); and  that the physical cell
to cell interaction between donor- TAIC and recipient
- lymphocytes in vivo induces the genera tion of
regulatory T- cells capable of preventing organ re
jection (Example 7). Le 3 Binding of the Antibody GM-7
to TAIC The monoclonal antibody GM- 7 was generated by
immunising mice with human TAIC which had been
prepared as described in PCT/EP03/07551. The hybridoma
cells producing the antibody were deposited at the
"Deutsche Sammlung fur Mikroorganismen" under the
accession no. DSM ACC2542. The results reported below
demonstrate that the antibody binds specifically to an
an tigen which is expressed only on CD14+ cells which
had been subjected to the 6 day ex situ modification
with M-CSF and 2 day g - IFN stimulation according to
the invention. 



Figure 1 shows the binding capacity, determined by
flow cy tometry, of GM- 7 to monocytic cells after in
vitro modifica tion, i.e. after transformation into
TAIC. It can be seen that the CDl4-positive monocytes
obtained directly from buffy-coatdo not bind the
antibody GM- 7 (left-hand picture; the grey shaded
cloud corresponds to the antibody control) . In con
trast, part of the monocytes express an antigen after
cultiva tion in M- CSF and stimulation with g - IFN,
which antigen is recognised by the monoclonal antibody
GM- 7 . After cultivation as described in Example 2,
about 80% of the transformed mono cytes are able to
bind the monoclonal antibody GM-7 (righthand picture)
. In a further experiment, the suppressor activity of
the CD14 +/GM - 7+ cells was compared with that of
CD14 +/GM- 7 cells in a mixed lymphocyte culture (MLC)
. The MLC was carried out as described by Kurnick, J
.T . "Cellular Assays" in: Diagnostic Immunopathology,
[Colvin R .B., Bhan A .K., McCluskey, R .U . (ed.)r
Raven Press, New York, pages 751- 771 (1994)]. In this
example, the TAIC stem from an individual B . A s
shown in Figure 2, a significant difference exist
between the sup pressor activity of the GM- 7-
positive and GM- 7 negative TAIC. Only the GM- 7
positive fraction the TAIC population obtained after 6
days treatment with M- CSF and 2 days stimulation with
g - IFN exhibits a significant inhibition effect on
the T-cell proliferation activity of responder cells
of the individual A after stimulation with cells of B
. Example 4 Influence of Lymphocytes on the Formation
of CD3+/CD14+-Cells during Monocyte Cultivation 



The influence of lymphocytes present in the monocyte
fraction on the generation of CDl4 +/CD3 + - cells
effective as TAIC was determined by comparison of two
different set ups.For the first set up (subsequently
indicated as llMo") the monocyte fraction was
initially taken from the interphase of the buffy -
coat as described in Example 1. As described in
Example 2, the cells were subsequently transferred to
the culti vation step with M- CSF. Within one hour
after the starting point of the cultivation, the
monocytes adhering to the bottom of the tissue culture
flask were washed five times with 10 m l PBS each, and
the amount of the lymphocytes present in the culture
was thereby decreased to < 5 % (4.8 + 2.4 %), while
the amount of enriched monocytes (CD14+) so obtained
was above 90 % (92  5.6 % ). Additional cell
components within the set up were B- lymphocytes and
granulocytes. The cells in the second set up
(subsequently indicated as "Mo+Ly") were also taken
from the interphase of the buffy-coat as monocyte
fraction as described in Example 1 . However, dif
ferent from set up "Mo" the cells adhering to the
bottom of the tissue culture flask were only washed
once after 24 hours starting from the beginning of the
cultivation phase, as de scribed in Example 2 . As a
result, a cell population was ob tained, which was
composed of 45  5.3 % CDl4+ -monocytes and 23.5  8.9 %
CD2+ - lymphocytes. A s in set up Mo" lymphocytes and
granulocytes were also present in this set up. The
determination of the amounts of the respective cell
types 



in the total cell population per set up was carried
out through flow cytometry of three experimental set
ups each (see Figure 3). The results are reported as
mean values including the standard deviation.
CD14+/CD3+ - cells can neither be determined in the
set up "Mo" nor in the set up "Mo+Ly" at the beginning
of the culture (d 0= day 0). After a cultivation
period of five days, the experi ment was terminated
and the cells were characterised by FACS - analysis
after detaching the cells from the bottom of the tis
sue culture flask as described in Example 2 . It was
found that the relative amount of CD14 + - cells
decreases in these set ups, from 92 % to 42 % in set
up llMo" and from 45 % to 28 % in set up "Mo+Ly".
Seemingly, the lymphocytes proliferate quicker than
the monocytes; the relative amount of lymphocytes in
creased in set up "Mo" from 4.8 % to 69.8 % and in set
up "Mo+Ly" from 23.5 % to 50.6 % . During the
cultivation, CD14 +/CD3+ - cells effective as TAIC are
formed in both cultures. It is important in this
context that a significantly higher increase in CDl4
+/CD3+ - cells is observed in the set up lMo+Ly" with
an amount of 32.0  5.3 % as opposed to set up "Mo"
with only 7.2  3.2 % . These results demonstrate that
the purification of the cells for enrichment of
monocytes to a relative amount of more than 90 % at
the beginning of the cultivation has a negative
influence on the generation of the immuno suppressive 



CD14 +/CD3 + - cells in the TAIC population, while the
method de scribed in Examples 1 and 2 leads to a
significantly higher yield of CD14 +/CD3+ - cells .
Determination of the Influence of the IDO Inhibitor
1-methyltryptophane on the Immunosuppressing Activity
of the TAIC In order to clarify, whether the inhibitor
of the enzyme indolamine - 2 3- dioxygenase (IDO)
1-methyltryptophane (1-MT) influ ences the suppressor
function of the TAIC generated in the"Mo" and "Mo+Ly"
set ups (see Example 4), a variety of mixed lymphocyte
cultures (MLC) with PHA (phytohaemagglutinine)
stimulated T- cells in the presence and in the absence
of 1-MT were established. In these mixed lymphocyte
cultures 50.000 lymphocytes with 2 mg PHA were
transferred into the wells of a 96-well - plate,
followed by a proliferation period over 144 hours
(indicated as "PhaLy") . Lymphocytes only cultivated
in medium without addition of PHA were run as a
further control (indicated as "Ly") . In order to
determine the proliferation of PHA - stimulated
lymphocytes in the different co- cultures, the
following 4 set ups were run and examined: PhaLy +
"Mo+Ly" PHA- stimulated lymphocytes and TAIC [105
cells from the set up "Mo+Ly" according to Example 4].
PhaLy+"Mo+Ly"+l -MT PHA - stimulated lymphocytes and
TAIC in the presence of 2 mmol 1-MT [105 cells from
the set up "Mo+Ly" according to Ex 



ample 4]. PhaLy + Mo PHA- stimulated lymphocytes and
TAIC [105 cells from the set up "Mo" according to
Example 4]. PhaLy+"Mo"+l - MT PHA - stimulated
lymphocytes and TAIC in the presence of 2 mmol 1-MT
[105 cells from the set up "Mo" according to Example
4].After 144 hours cultivation, all controls or co-
cultures were further cultivated for 24 hours in the
presence of 3 [H]- thymidine ("pulsed") and thereafter
the amount of radioac - tively labeled thymidine
incorporated was determined as counts per minute
(cpm), see Figure 4. In this arrangement, the amount
of the radio activity determined is a measure for the
amount of labeled thymidine incorporated into the DNA,
and therefore a measure for the proliferation rate of
the lymphocytes. The values reported in Figure 4
correspond to mean values from triple determinations
of 3 experiments each with indication of the standard
deviation. The results demonstrated that lymphocytes
not stimulated with PHA ("Ly") do not significantly
proliferate, the mean radio activity observed being
367 cpm (see Figure 4). In contrast, the stimulation
with 2 mg PHA leads to a significant increase in the
proliferation rate of the lymphocytes ("PhaLy") , the
highest incorporation being measured at a mean value
of 18459 cpm in these samples. The addition of TAIC to
the lymphocyte cultures clearly de creased the
proliferation rate strongly if cells from the set up
"Mo+Ly" from Example 4 were added (PhaLy + "Mo+Ly
deter - 



mined value 1498 cpm) , and less strongly when cells
from the set up Mo from Example 4 were added (PhaLy +
Mo", measured value 3369 cpm) . The results obtained
after addition of 2 mmol 1-methyl - tryptophane (1-MT)
to the set ups containing "Mo+Ly" and "Mo" with
stimulated lymphocytes demonstrated that 1-methyl -
tryptophane (1-MT) increases the suppressor function
of the TAIC synergistically, whereby the decrease was
stronger withthe TAIC from the set up "Mo+Ly"
(measured value 267cpm) than with the TAIC from the
set up Mo" (measured value 390 cpm) . Example 6 In
vitro co-cultivation of human TAIC with allogeneic
lympho cytes for generating regulatory T-cells To
examine whether TAIC induce the formation of
regulatory Tcells, i.e. CD4 +/CD25 + - lymphocytes, in
the recipient, several different in vitro cultures of
TAIC with lymphocytes were run and the formation of
regulatory T- cells resulting therefrom was analyzed.
For this purpose, TAIC of donor A were directly or
indirectly co- cultivated in vitro together with
lymphocytes of a donor B . In the direct co- culture,
the direct cell - to- cell - contact between the TAIC
(of donor A ) and the lymphocytes (of donor B ) was
made possible, while in the indirect co- culture a mem
brane ("cell culture insert", 0.4 mm pore size,
Falcon, order no. 353090) allowed exchange of the
medium, but inhibited the physical contact of the two
cell populations. The direct or indirect co- culture
is carried out for preferably 3 to 5 days,, more
preferably for 4 days under incubator conditions i.e.
at 



37C and in a 5% CO2 atmosphere. After culturing, the
respective numbers of regulatory T-cells (CD4+/CD25 +)
were determined in both set ups as well as in the
controls, wherein TAIC or lymphocytes respectively
were cul  tivated alone. Further, the number of CD3
+/CD14 + - cells, which represent the component of the
TAIC cell population having the most significant
suppressor function in the mixed lymphocyte culture,
was determined in the control set up, wherein the TAIC
were cultured alone. In all set ups, the surface
antigens of the cells were deter - mined per FACS
analysis and the amount of the respective cell
populations in the total amount of the cells was
analysed. Further, the relative expression of three
new master genes specifically expressed by regulatory
T- cells (Foxp3, CTLA - 4 and Integrin aEb7) was
determined by PCR in the respective cell population
(see Table) . Foxp3 is a specific transcrip tion
factor, which is viewed as a control gene for the
devel opment of regulatory T- cells, and which is
specifically ex pressed by these cells [see Hori, S .
et al., "Control of Regulatory T- cell Development by
the Transcription Factor Foxp3", Science 209, 1057 -
1061 (2003)]. CTLA - 4 is a further factor, which is
used as a marker for the determination of the
regulatory function of CD4 +/CD25 + - T- cells (see
Khattri, R . et al., "An essential role for Scurfin in
CD4+/CD25+ T regulatory cells", Nature Immunology,
online pub lication, doi:10.1038/ni909 (2003);
Shimizu, J . et al. "Stimulation of CD25 +/CD4+
regulatory T cells through GITR 



breaks immunological self - tolerance", Nature
Immunology, online publication, doi: 10 .1038/ni759
(2003); Cobbold, S.P. et al. "Regulatory T cells in
the induction and maintenance of peripheral
transplantation tolerance", Transpl. Int. 16(2) , 66-
75 (2003)]. Integrin aEb7 is an integrin, which binds
to epithelial Cath erine and which may be used as a
marker for the most potent sub- population of
regulatory CD25 + - T- cells [see Lehmann, J . et al.
"Expression of the integrin aEb7 identifies unique
subsets of CD25+ as well as CD25 regulatory T cells"
PNAS 99(20) , 13031 - 13036 (2002)]. The determination
of Foxp3 - , CTLA - 4- and integrin aEbg- expession
was carried out by means of quantitative PCR using
GAPDH and b- actin, two "housekeeping genes", as
controls; the values determined were, on the one hand,
placed in relation ship to each other, the value
obtained for the CD14 +/CD3~ cells being set at 1; on
the other hand the absolute RNA amounts were indicated
in mg per mg total RNA, in order to correlate the
measured suppression effected by the TAIC in vitro and
the formation of the CD4+/CD25+ double positive cells
with the expression rate of the respective genes. Stan
dard methods were used for the quantitative PCR, which
are known to the skilled person (see Lottspeich, F.,
Zorbas, H . "Bioanalytik", Spektrum Akademischer
Verlag GmbH, Heidelberg - Berlin, 1998) . The Table
shows that within the population of lymphocytes
obtained from the direct co- culture, the percentage
of double positive cells CD4+/CD25+ increases manifold
to a value of 8.7 



% in comparison to the amount of CD4+/CD25 +
lymphocytes ob tained from the indirect co- culture or
control, which is nearly identical with 2.38 % and
2.65 % respectively. The sub-population of CD4+/CD25+
cells expresses the highest relative amounts of mRNA
from all tested mastergenes as com pared to the
expression in CD4+/CD25 ~ cells (see Table) . While
the expression of Foxp3 is increased by about a factor
10 (37 versus 3.75), CTLA - 4 expression reaches an
even higher maxi mum expression (4699 versus 0.376).
The increase of expres sion of the third mastergene
integrin o,E 7 in the CD4+/CD25+cells during co-
culturing is nearly as high as for CTLA - 4 since the
absolute amount of integrin aEb7 iRNA is raised to
Control direct co- indirect coculture culture TAIC
lymphocytes lymphocytes lymphocytes CD14V CD147 CD4V
CD4+ / CD4+ / CD4+ / CD4+ / CD4+ / CD3+ CD3 CD25+ CD25
CD25+ CD25" CD25+ CD25 " FACS 41 20 2.65 30,8 8.7 49
2.38 27.6 [% positive cells] relative 50 1 15 1,5 37
3.76 10 1.5 Foxp3- expression [PCR] absolute 1.6x10
3.2x10 lu 4.8x1 0"M 8x10-|U 1.2x10" 1.2x1 0 41 3.2x1 0
a 4.8x10"lu RNAamount FoxpS relative 12500 1 0.375 0.1
4699 0.376 CTLA4- 



expression [PCR] absolute 6,5x10  5.2x10- |u 1.9x1
0-|U 5.2x10-|U 2.4x10" 1.9x10 l u RNAamount CTLA4
absolute 3.4x10 9 not 1.4x10 M 3.4x10 RNA- delect
amount able Integrin aEb7 Table: Determination of the
amounts of specific cell popula tions in the total
amount of cells after direct and indirect co- culture
by reference to their surface markers CD3, CD4, CD14,
CD25, and determination of the relative expression and
the absolute amounts of RNA of three genes (Foxp3,
CTLA - 4 and integrin aEb7) in these cell
populations.1.4 x 10~9 in CD4+/CD25+ cells as compared
to 3.4 x 10~12 mg mRNA/ mg total RNA in CD4+/CD25
cells. After indirect co- culture, the relative amount
of Foxp3 -mRNA in the CD4+/CD25+ sub-population
amounts to only 10 and is even lower as the relative
amount expressed by the lympho cytes of the control,
which expresses a relative amount of Foxp3 -mRNA of
15. The relative amount of CTLA - 4-mRNA expressed by
the lympho cytes of the control is as low as 0.375 in
the CD4+/CD25+ - population and 0.1 in the CD4+/CD25
population. The expression of CTLA - 4 in the
CD14+/CD3+ sub-population of 



the TAIC cells was similar to the expression of Foxp3
and was also significantly higher than in all other
cell populations. In this regard, it is noteworthy
that the CTLA - 4 expression (relative value of
12.500) was manifold stronger in the CDl4+/CD3+ -
sub-population than the Foxp3~expression, which ex
hibited a relative value of 50. No expression of the
integrin aEb7 was detectable in the CD14 +/CD3
sub-population of the TAIC, while similar to the
behavior of the expression of the other two analyzed
genes, the expression of the integrin in the
CD14+/CD3+-sub - population of the TAIC, measured as
absolute value in mg RNA per mg total RNA, reached the
highest value (3.4 x 109 mg / mg total RNA) . The
significantly increased expression of the three lympho
cyte markers Foxp3, CTLA - 4 and integrin aEb7 on the
TAIC derived from monocytes as compared to normal
lymphocytes is to tally unexpected and has to date
never been observed on mono cytes or on cells derived
from monocytes. In conclusion, the results of this
Example as shown above demonstrate the following: If
one starts from the assumption that the level of
Foxp3- , CTLA - 4- , and integrin aEb7- expres sion
correlates with the immunoregulatory properties of the
respective cells, it was demonstrated here, that the
suppres - sor activity of the CD3+/CD14+
sub-population of the TAIC is associated with a high
expression of these three genes. This is even more
surprising when it is considered that these markers
have to date only been described for lymphocytes, but
never in cells of monocytic origin. 



It was further shown that the direct co-culture of
TAIC with lymphocytes leads to a significantly higher
amount of CD4+/CD25+ lymphocytes as compared to
indirect co- cultivation and the cultivation of only
lymphocytes . This supports the assumption that also
in vivo (i.e. in a patient) regulatory T- cells are
formed after administration of TAIC. These re sults
are in conformity with the known immunoregulatory func
tion of CD4+/CD25+ lymphocytes and with the fact, that
the contents of Foxp3- , CTLA - 4- and integrin
aEb7-mRNA in these cells are significantly higher than
in indirect co- cultivated lymphocytes or in control
lymphocytes.Example 7 In vivo Induction of Transplant
Tolerance by Lymphocytes cocultured with TAIC in vitro
The results and conclusions presented in Example 6
were con firmed in vivo in an animal experiment. In
this example ani mals in selected inbred combinations
were injected with lym phocytes from the recipient
which, over a period of 5 days, were previously
directly co- cultivated with TAIC from the donor.
Other animals were injected with lymphocytes from the
re cipient, which were cultivated alone in medium as
controls. Animals, which have received autologous co-
cultivated lympho cytes from the recipient prior to an
allogeneic heart trans - plantation developed donor
specific tolerance, whereas control animals, which
have received naive non- cocultivated control
lymphocytes from the recipient acutely rejected the
trans planted heart within 10 to 14 days. This is also
shown by flow cytometric determination of GM-7-
expression in the blood of patients postoperatively
prior 



(left Figure) and after (right Figure) injection of
the lym phocytes co- cultivated with TAIC. The
fraction of GM- 7 bind  ing cells raises from about
0.5 % prior to injection to about 21 % after injection
indicating the development of regulatory T- cells
capable of binding GM- 7 . These results indicate that
the physical cell to cell interac tion between
donor-TAIC and recipient - lymphocytes induces the
generation of regulatory T- cells, which, per se, are
capable of modifying the syngeneic immune system of
the recipients such, that potentially alloreactive T-
cells are suppressed and the organ rejection is
thereby prevented.Example 8 Use of the self -
tolerance inducing cells (STIC) for the treatment of
dextran sulphate sodium (DSS)- induced chronic colitis
Colitis can be chemically induced in mice by oral
administra tion of dextran sulphate sodium via
drinking water. Admini stration over a period of 7
days results in the development of acute colitis,
repeated administration comprising at least four
cycles DSS administration followed by 10 days normal
wa ter results in the development of chronic colitis
resembling the human colitis ulcerosa. This system is
well established for immunological or molecular
examinations [see e.g. Herfarth, H . et al . "Nuclear
factor KB activity and intestinal inflammation in
dextran sulphate so dium (DSS)- induced colitis in
mice is suppressed by gliotoxin" Clin. Exp. Immunol.
120 , 59- 65 (2000); Egger, B et al. "Mice lacking
transforming growth factor a have an increased suscep
tibility to dextran sulfate - induced colitis"
Gastroenterology 113 825- 832 (1997)] and is used
herein to examine the poten 



tial of STIC in the treatment of the chronic version
of DSSinduced colitis resembling the human autoimmune
colitis ulcerosa. Normal female BALB/c mice (20 g
each) were kept with unlimited access to water and
standard chow. The mice received four cy cles of water
containing 5 % (w/v) dextran sulphate sodium (DSS; the
solution is hereinafter referred to as DSS water)
followed by untreated water according to the following
scheme: first cycle: day 1 to 7 DSS water (7 days);day
8 to 17 normal water (10 days) ; second cycle: day 18
to 24 DSS water (7 days) ; day 25 to 34 normal water
(10 days) ; third cycle: day 35 to 41 DSS water (7
days) ; day 42 to 51 normal water (10 days) ; and
fourth cycle: day 52 to 58 DSS water (7 days) . After
day 58 all mice show symptoms of chronic colitis which
lasts for at least 2 months (Fig. 6 A and 6 B ). The
mice were subsequently randomly assigned to four
different groups: group 1 (n=5) on day +1 (day 59)
after completion of the fourth cycle of being
nourished with DSS water the mice received 62 .5
international units heparin in 0.25 ml PBS
intravenously (to pre vent thrombosis) followed 30 sec
later by ad ministration of 5 x 106 STIC from an
geneti cally identical donor mouse (see Example 2)
intravenously in 1 ml PBS. group 2 (n=7) on day +7
(day 65) after completion of the fourth cycle of being
nourished with DSS water the mice received 62.5
international units 



heparin in 0.25 m l PBS intravenously (to pre vent
thrombosis) followed 30 sec later by ad ministration
of 5 x 106 STIC from an geneti cally identical donor
mouse (see Example 2) intravenously in 1 m l PBS.
group 3 (n=12) : first control group undergoing the
DSS treat ment but did not receive any cell
injection.group 4 (n=b): second control group
undergoing the DSS treat ment; on day +1 (day 59)
after completion of the fourth cycle of being
nourished with DSS water the mice received 62 .5
international units heparin in 0.25 m l PBS
intravenously (to prevent thrombosis) followed 30 sec
later by administration of 5 x 10d "control cells"
from an genetically identical donor mouse (see Example
1) intravenously in 1 ml PBS ("Control cells" are a
mix of bone marrow cells, periph eral blood cells and
spleen cells representing the cells before culturing
to produce the STIC according to example 2, i.e. non -
cultivated cells obtained from the spleen of syngeneic
mice) . All mice are sacrificed on day 79, three weeks
after comple tion of the fourth cycle of nourishment
with DSS water. In the course of the experiments the
weight of the animals was measured thrice a week
during the DSS induction and during the following
three weeks. Changes in the body weight of the ani
mals are expressed in percent (weight loss or gain)
with reference to the weight of the mice at day 59,
when they received 



the cell therapy. Changes in the range of about 5 to
15 % are considered to be significant. The changes in
the body weight of the mice in the course of the 3
week period after the end of the DSS treatment are
shown in Fig. 7 . A s can bee seen, the administration
of STIC on day +1 (group 1 = D ) leads to an adequate
age- dependent gain of weight, that can neither be
found in untreated ani -mals (group 3 = ), nor in
animals treated with "control cells" at day +1 (group
4 = ) nor in  animals treated with STIC at day +7
(group 2 = A ) during the progression of the disease.
The values are mean values obtained from 5 to 7 mice
per group, the standard deviation is always below  15
% . In a further experiment, the colon tissue was
histologically stained with Hematoxylin &Eosin (H&E) .
The H&E staining was carried out as described by
Woods, A .E . and Ellis, R .C . (eds.) (Laboratory
Histopathology : A Complete Reference, vol. 1 & 2 ;
Churchill & Livingstone, 1994) . The condition of the
stained mucosa was scored by two independently acting
pathologists that were blinded with respect to the
experimental design ac cording to the following
scheme: score 0 healthy unobtrusive finding; score 1
minimal colitis; score 2 moderate colitis; score 3
heavy colitis; and score 4 ulcerative colitis
accompanied by destruction of the whole mucosa. The
results of the scoring are shown in Figure 8 . Three
weeks after completion of the fourth circle of feeding
with DSS water the control animals of group 3 (no cell
injection) have 



an average score of about 4 whereas the animals of
group 1 (administration of STIC on day +1) or group 2
(administration of STIC on day +7) have significantly
reduced average scores of about 1 (group 1) and about
1.5 (group 2), respectively. The animals treated with
"control cells" (group 4) have an av erage score of
about 3, which is nearly as high as the score of
untreated mice (group 3).These results are consistent
with the findings of a his tological evaluation of the
stained colon sections (H&E staining, see above) as
can be seen in Figure 6. This evalua tion is most
critical for the determination of the effect of the
treatment with STIC. Fig. 6 A (magnification x 2.5)
and 6B (magnification x 10) illustrate the condition
of the colon of an untreated animal of group 3 with a
largely destroyed mucosa and the surrounding tissues
being heavily invaded by inflammatory cells. These
Figures show an advanced stadium of colitis. Contrary
to the advanced progression of the colitis in
untreated animals (Fig. 6A/B) , the morphology of the
mu cosa is maintained to a large extent in animals of
group 1 that received STIC at day +1 (Fig. 6C
(magnification x 2.5) and 6D (magnification x 10) ).
Only minor signs of inflamma - tion and destruction of
the mucosa can be seen in these ani - mals, but no
invasion of the surrounding tissues. The colon
sections of a group 4 animal treated with "control
cells" at day +1 (Fig. 6E; magnification x 2.5) and of
a group 2 animal treated with STIC at day +7 (Fig. 6F;
magnification x 2.5) both show symptoms of advanced
colitis with a largely de stroyed mucosa and the
surrounding tissues being heavily in vaded by
inflammatory cells similar to those seen in un 



treated animals (Fig. 6A/B) . The results of the above
experiments show that STIC adminis tered at day +1
following the end of the DSS treatment for the
induction of colitis are capable of suppressing or
clearly alleviating symptoms of colitis. STIC -
treated animals do not significantly lose weight (Fig.
7), their histological score is significantly reduced
compared to untreated animals (Fig. 8) and the overall
condition of the mucosa of the colon is almost normal
as can be seen by histological staining of colon
sections (Fig. 6 C/D) . STIC administered at day
+7(group 2) are not capable of treating the colitis
developed during the 7 day period prior to the
administration of the STIC. Although there is no
reversion of the course of colitis taking place, the
progress of the disease is stopped as can be seen from
the lower histological score of a group 2 animal
compared to an untreated group 3 animal (Fig. 8). This
phe nomena is specific for the model of DSS - induced
colitis used in this example and can not readily be
transferred to other conditions . The mix of bone
marrow cells, peripheral blood cells and spleen cells
representing the non - cultivated cells obtained from
the spleen of syngeneic mice are not feasible for the
treatment of colitis, since animals treated with these
cells (group 4) show symptoms as severe as untreated
animals (Fig. 6 E/F; Fig. 7 and 8). This provides
clear evidence that only the STIC are capable of
treating colitis and not other cells pres ent in the
mix of cells the STIC develop from during culture. Le
9 Use of the self - tolerance inducing cells CSTIC)
for the treat 



ment of colitis i d c d in SCIB mice b Transfer of CB
CBS2L l phoc tes The artificial induction of colitis
in SCID (severe combined immunodeficiency) mice is
another approach for the analysis of the STIC and
their potential in the treatment of autoimmune
diseases. SCID mice possess neither T nor B cells.
Their immune system can be reconstituted by transfer
of a specific subpopulation of thyroid cells. These
cells, called CD4 +CDb2L+ or CD62L highcells
repopulate the immune system but due to lack of
control they also induce the development of
spontaneous colitis with chronic inflammation. This
model system is the so- called "CD62L +/CD4 + SCID
transfer model of chronic experimental coli - tis in
mice" [see e.g. Mudter, J . et al . llA new model of
chronic colitis in SCID mice induced by adoptive
transfer of CD62L+ CD4+ T cells: Insights into the
regulatory role of in - terleukin-6 on apoptosis"
Pathobiology 70, 170 - 176 (2002)] that allows more
specific analysis of cell populations involved in the
development in colitis as an example of autoim mune
diseases. The model is used herein to examine the
potential of STIC in the treatment of colitis induced
by an deregulated immune systern. This model allows
more mechanistic studies, but is con sidered to be the
weaker system compared to the DSS model sys tem (see
Example 8 above) because the immune system is not
fully repopulated. SCID BALB/c mice (18 to 22 g each)
receive an intraperitoneal injection of 1 x 106 CD4
+/CD62L - selectin high T cells isolated from spleens
of normal BALB/c mice using the "Macs" magnetic - 



bead cell - sorting system (Milteny Biotech^ Germany)
in PBS. The mice were kept with unlimited access to
water and standard chow . Within 4 to 6 weeks after
transfer of the CD4 +/CD62Lselectin hxgh T cells the
mice develop colitis . The development of the colitis
is determined by judgement of weight changes. The mice
were subsequently randomly assigned to three differ
ent groups :group 1 (n=10) : 6 weeks after initiation
of the colitis induc tion by administration of the CD4
+/CD62L - selectin high T cells the mice received 62
.5 in ternational units heparin in 0.25 m l PBS
intravenously (to prevent thrombosis) followed 30 sec
later by administration of 5 x 106 STIC from an
genetically identical donor mouse (see Example 21)
intravenously in 1 m l PBS. group 2 (n=10) : first
control group receiving only the CD4 +/ CD62L -
selectin high T cells but did not receive any further
cell injection after 6 weeks. group 3 (n=10] second
control group receiving the CD4 +/CD b2Lselectin h:Lgh
T cells. After 6 weeks the mice re ceived 62.5
international units heparin in 0.25 m l PBS
intravenously (to prevent thrombo sis) followed 30 sec
later by administration of 5 x 106 "control cells"
from an genetically identical donor mouse (see Example
2) intrave nously in 1 m l PBS. "Control cells" are
the same as defined in example 8 (non- cultured mix of
bone marrow cells " peripheral blood cells 



and spleen cells) . All rats are sacrificed 10 to 12
weeks after transfer of the disease inducing T cells
or when the control animals develop signs of colitis
judged by weight changes within the basic control
group 2 . Similar to the DSS model described in
example 8 the body weight of the animals was measured
thrice a week during the entire experimental period.
Changes in the animal body weightare expressed in
percent (weight loss or gain) with reference to the
weight of the mice 6 weeks after the beginning of the
experiment when they receive the cell therapy. Again,
changes in the range of about 5 - 15 % are considered
to be signifi - cant. The changes in the body weight
of the mice in the course of the entire experimental
period are shown in Fig. 9 . After 6 weeks mice of all
groups are of almost the same body weight. While the
administration of STIC after 6 weeks (group 1 = )
afterwards leads to an adequate age - dependent gain
of weight, mice from the group of untreated animals
(group 2 = ) as well as mice treated with "control
cells" after 6 weeks (group 3 = A ) show a
comparatively reduced gain of body weight (group 2) or
no gain at all (group 3) during the pro gression of
the disease. The values are mean values obtained from
6 mice per group, the standard deviation is always
below  15 % . Immediately after sacrifying the animals
the colon length and the spleen weight of these
animals were determined. Both val ues allow an
estimation of the extent of inflammation, but are not
very sensitive. 



Figure 10 illustrates the results of the measurements
of the colon length (Fig. 10A) and the spleen weight
(Fig. 10B) . A s can be seen in this Figure, the
colons of animals treated with STIC (group 1) are
significantly longer (about 11 cm) and their spleen
significantly smaller (about 50 mg) than that of
control animals. The control animals of group 2 have
shortened colons (about 10.3 cm) and enlarged spleens
(about 100 mg) indicative for severe inflammation,
whereas the ani mals receiving control cells (group 3)
develop less severesymptoms of colitis (colon lengths
of about 10.6 cm and spleen weights of about 60 mg)
compared to the control ani mals (group 2), but a more
advanced colitis compared to the animals treated with
the STIC (group 1). Subsequently, in a further
experiment, the colon tissue was histologically
stained with Hematoxylin & Eosin (H&E stain ing;
Woods, A .E . and Ellis, R .C . (eds.); Laboratory
Histopathology: A Complete Reference, vol. 1 & 2;
Churchill & Liv - ingstone, 1994). As already
described in Example 8, the con dition of the mucosa
was scored by two independently acting pathologists,
that were blinded with respect to the experi mental
design. The scoring scheme for the mucosa was the same
as in Example 8: score 0 healthy unobtrusive finding;
score 1 minimal colitis; score 2 moderate colitis;
score 3 heavy colitis; and score 4 ulcerative colitis
accompanied by destruction of the whole mucosa. The
average score is shown in Figure 11. Six weeks after 



transfer of the treatment the control animals of group
2 receiving no cell injection have an average score of
about 3 indicating heavy colitis. The mice of group 1
receiving STIC and the mice of group 2 receiving
control cells after 6 weeks have significantly reduced
average scores of about 1.5 (indi cating minimal
colitis; group 1) and about 2.5 (indicating moderate
colitis; group 2), respectively. These results are
again consistent with the findings of a histological
evaluation of the colon sections stained withH&E as
can be seen in Figure 12 (magnification x 100) . Fig.
12 A/B illustrate the condition of colons of animals
of group 3 which remained untreated after induction of
colitis with CD62L high T cells. Both examples show
marked infiltration with mononuclear cells and
substantial loss of mucosal integrity, crypt damage
and infiltration of the submucosa and muscularis
propria layer. Injection of "control cells" (non-M-
CSF and g interferon - stimulated monocytes derived
from blood, bone - marrow and or spleen tissue) as
described did not prevent mononuclear cell
infiltration and mucosal loss as can be seen in Fig.
12C/D. Both specimen also show substantial submucosal
infiltration with lymphocytes, but the muscularis
propria is still intact. Administration of STIC after
colitis induction with CD62L high T cells profoundly
ameliorated the mucosal integrity (Fig. 12E/F) . In
colon sections of both specimen only minor lymphocyte
infiltration, no crypt loss and no damage to the
submucosa and muscularis propria layers within the ana
lysed bowel segments can be seen. Similar to the
results obtained for the administration of STIC for
the treatment of dextran sulphate sodium (DSS)- 



induced chronic colitis (see Example 8 above) it is
shown here using the CD62L +/CD4+ SCID transfer model
of chronic ex perimental colitis in mice that STIC are
capable of suppr bssing or clearly alleviating
symptoms of the induced colitis. STIC - treated mice
show an adequate age - dependent gain of weight (Fig.
9), their colon is significantly longer (Fig. 10A) and
their spleen weight significantly lower (Fig. 10B)
than that of mice of the control group suffering from
severe inflammation of the colon. Finally, the
histological score of STIC - treated mice is
significantly lower compared to un treated animals
(Fig. 11) and the histological analysis ofcolon
sections of mice treated with STIC shows only minor to
no symptoms of colitis (Fig. 12) . Compared with the
effect of the treatment of colitis with STIC the mix
of bone marrow cells, peripheral blood cells and
spleen cells representing the non - cultivated cells
obtained from the spleen of syngeneic mice exhibits a
significantly re duced efficacy, since animals treated
with these cells (group 3) show more severe symptoms
than that found in animals treated with STIC (Fig. 9,
10A/B, 11 and 12) . Contrary to the results obtained
in Example 8 using the DSS model system, in the model
of colitis induction with CD62L h:Lgh cells the
control cells are able to alleviate the symptoms to
some extent, since the animals receiving the control
cells exhibit less severe symptoms compared to the
control animals that do not receive any cells. In
accordance with the results of Example 8, this again
pro  vides clear evidence that the STIC of the
invention are capable of treating autoimmune
diseases.Claims 



1. A process for the preparation of autologous cells
for the prevention and/or treatment of diseases
associated with disturbed self-tolerance in a patient,
characterised in that a) monocytes are isolated from
the blood of the patient to whom the cells are to be
administered; b ) the monocytes are multiplied in a
suitable culture me dium which contains the cellular
growth factor M- CSF; c) the monocytes are cultivated
simultaneously with or following step b) in a culture
medium containing g - IFN; and d) the cells formed in
step c) are obtained by separating the cells from the
culture medium. 2 . A process according to claim 1
characterised in that the monocytes are of human
origin. 3 . A process according to claims 1 or 2
characterised in that the monocytes are isolated from
the blood in such a manner that next to the monocytes
also lymphocytes are present in an amount of at least
10% by reference to the total cell number in the
isolate. 4. A process according to claims 1 to 3,.
characterised in that the cells formed in step c) or
obtained in step d)are selected by binding to the
antibody produced by the hybridoma cell line DSM
ACC2542. 5 . A process according to claims 1 to 4,
characterised in that among the cells formed in step
c) or obtained in step d) of claim 1 or obtained in
the selection step ac cording to claim 4, those cells
are selected which coexpress the antigens CD3 and CD14
on their cell surface. 



6 . A process according to claims 1 to 5,
characterised in that the M- CSF concentration in the
culture medium is 1 to 20 mg/1. 7 . A process
according to claims 1 to 6, characterised in that,
subsequent to step b ) the monocytes are cultivated
for 24 to 72 hours in a culture medium containing g -
IFN, the cultivation in the presence of g - IFN
beginning 3 to 6 days after the beginning of
cultivation step b ). 8 . A process according to claim
1, characterised in that the g - IFN concentration in
the culture medium is 0.1 to 20 ng/ml . 9 . A process
according to claims 1 to 8 characterised in that the
total cultivation period in steps b ) and c) is 4 to 8
days . 10. A process according to claims 1 to 9
characterised in that subsequent to step d ) of claim
1, or subsequent to the selection steps according to
claims 4 and 5, the cells are suspended in a suitable
cell culture medium or in a PBS or NaCl solution.11. A
process according to claims 1 to 10 characterised in
that the cells are suspended in a freezing medium and
are subsequently deep frozen. 12. A process according
to claim 11 characterised in that the freezing medium
comprises fetal calf serum (FCS) or human ABO
compatible serum and DMSO. 13. Autologous cells for
the prevention and/or treatment of diseases associated
with disturbed self - tolerance in pa tient,
obtainable by any of the processes according to claims
1 to 12. 



14. Cells according to claim 13 characterised in that
they co- express the antigens CD3 and CD14 on their
cell sur face. 15. Cells according to claims 13 or 14
characterised in that they are of human origin. 16.
Cell preparation containing the cells according to
claims 13 to 15 in a suitable medium. 17.
Pharmaceutical composition containing autologous cells
of monocytic origin for the prevention and/or the
treatment of diseases associated with disturbed self -
tolerance in a patient. 18. Pharmaceutical composition
containing the cells according to claims 13 to 15 or
the cell preparation according to claim 16.19.
Pharmaceutical composition according to claims 17 and
18 for the prevention and/or the treatment of
autoimmune diseases . 20. Pharmaceutical composition
according to claims 17 and 18 for the prevention
and/or the treatment of allergies. 21. Use of the
cells according to claims 13 to 15 or the cell
preparation according to claim 16 for manufacturing a
pharmaceutical composition for the prevention and/or
treatment of diseases associated with disturbed
selftolerance. 22. Use according to claim 21 for the
prevention and/or treatment of autoimmune diseases.
23. Use of claim 22, characterised in that the
autoimmune disease is one or more of the diseases
selected from rheumatic diseases with autoimmune
features, diabetes mellitus, autoimmune diseases of
the blood and blood 



vessels, autoimmune diseases of the liver, autoimmune
diseases of the thyroid, autoimmune diseases of the
cen tral nervous system, and bullous skin diseases.
24. Use according to claim 21 for the prevention
and/or treatment of allergies. 25. Use according to
claim 24, characterised in that the al lergy is
selected from allergies induced by non-self proteins,
organic substances and/or inorganic sub stances. 26.
Use according to claim 25, characterised in that the
al lergy is selected from hayfever and/or allergies
inducedby drugs, chemicals, viruses, bacteria, fungi,
food com ponents, metals, gases, cat skin scale and/or
animal hair. 27. The use of self-tolerance inducing
cells according to claims 13 to 15 or the cell
preparation of claim 16 for in vitro generating and/or
propagating autologous regula tory T- lymphocytes .
28. The use according to claim 27, wherein the
regulatory Tlymphocytes co- express the antigens CD4
and CD25 on their cell surface. 29. A process for the
generation and/or propagation of autologous regulatory
T- lymphocytes, characterised in that a)
self-tolerance inducing cells according to claims 13
to 15 or a cell preparation according to claim 16 are
co- cultivated with an autologous T- lymphocyte prepa
ration, and b ) the regulatory T- lymphocytes are
optionally obtained 



from the culture medium. 30. A process according to
claim 29,- characterised in that the regulatory T-
lymphocytes co- express the antigens CD4 and CD25 on
their cell surface. 31. A process according to claims
29 or 30, characterised in that the regulatory T-
lymphocytes are obtained from the culture medium by
FACS sorting.32. Regulatory T- lymphocytes obtainable
by the process of claims 29 to 31. 33. The use of the
antibodies produced by the hybridoma cell line DSM
ACC2542 for the detection and/or selection of
autologous cells suitable for the prevention and/or
treatment of diseases associated with disturbed
selftolerance in a patient. 34. A method for the
prevention and/or treatment of diseases associated
with disturbed self-tolerance in a patient,
characterised in that a pharmaceutically effective
amount of the autologous cells according to claims 13
to 15 or the autologous cell preparation according to
claim 16 is administered to the patient. 35. The
method according to claim 34 for the prevention and/or
treatment of autoimmune diseases. 36. The method
according to claim 35, wherein the autoimmune disease
is one or more of the diseases selected from rheumatic
diseases with autoimmune features, diabetes mellitus,
autoimmune diseases of the blood and blood vessels,
autoimmune diseases of the liver, autoimmune diseases
of the thyroid, autoimmune diseases of the cen tral
nervous system, and bullous skin diseases. 



37. The method of claim 34 for the prevention and/or
treat ment of allergies. 38. The method of claim 37,
wherein the allergy is selected from allergies induced
by non- self proteins, organic substances and/or
inorganic substances.39. The method of claim 38,
wherein the allergy is selected from hayfever and/or
allergies induced by drugs, chemi  cals, viruses,
bacteria, fungi, food components, metals, gases,
animal skin scale, hair and/or animal excreta. 




