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Fig. 2B
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Fig.8
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TRANSPLANT ACCEPTANCE INDUCING CELLS
OF MONOCYTIC ORIGIN AND THEIR
PREPARATION AND USE

[0001] The invention relates to transplant acceptance
inducing cells of monocytic origin and their preparation as
well as their use for generating transplant acceptance.

[0002] Preferably, the invention relates to transplant
acceptance inducing cells (in the following also called
TAIC) which are derived from human monocytes.

[0003] The invention moreover relates to the monoclonal
antibody GM-7, which specifically recognises transplant
acceptance inducing cells according to the invention which
are derived from man.

[0004] In addition, the invention relates to the use of the
antibody GM-7 for detecting and/or selecting transplant
acceptance inducing cells.

[0005] The term “transplantation” is used in the field of
immunology for the transfer of cells, tissue or organs from
one body to another. The need for transplantation arises from
the finding that numerous diseases can be cured by trans-
ferring (transplanting) healthy organs, tissue or cells from
one individual who is healthy in this respect—the donor—to
an individual suffering from the disease concerned—the
recipient or host.

[0006] Depending on the relationship between the donor
and the recipient, the following types of transplant can be
distinguished:

[0007] 1.Autologous transplants: These are tissues or cells
which are transplanted within one and the same individual
from one area of the body to another.

[0008] 2. Isologous transplants: This involves the transfer
between genetically identical individuals. Examples of
these are inbred strains of rats or mice. For man, isologous
(syngeneic) transplants can be considered between geneti-
cally identical (monocygotic) twins.

[0009] 3. Allogeneic transplants: This term designates
transplants between genetically different members of the
same species such as, for example, from one human
individual to another or, in the case of experimental
animals, from one inbred strain to another.

[0010] 4. Xenogeneic transplants: This involves the trans-
fer between different species such as, for example, the
transfer of a monkey heart into a human being.

[0011] As a rule, autologous and isologous transplants
cause no immunological problems in the sense of a rejection
response. However, this is not true in the case of allogeneic
and xenclogous transplants. Such transplants are recognised
as foreign by the recipient’s immune system and rejected
after a relatively short time. In the case of the allogeneic/
xenologous rejection response, T-lymphocytes (hereinafter
called T-cells) play a central part. These cells recognise the
foreign cells by way of their major histocompatibility com-
plexes (MHC). The foreign MHC-complex sensitises the
antigen-reactive T-cells of the recipient and, subsequently,
the T-cells thus activated lead to the destruction of the donor
cells or the donor tissue respectively. Cells with different
MHC-complexes are also called “MHC-different”.
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[0012] Transplanting allogeneic or xenogeneic cells, tis-
sues or organs necessarily leads to a situation where cells of
two different individuals, i.e. of MHC-different cells, are
present in the blood of the recipient at the same time. This
phenomenon is referred to as “chimerism”. A distinction is
made between micro-chimerism and macro-chimerism.
Micro-chimerism refers to a state in which cells derived
from the donor, e.g. after a blood or bone marrow transfu-
sion or after transplanting lymphocyte-rich organs such as
the small intestine or the liver, remain persistent in the
MHC-different host but are detectable only in a few isolated
cases. The term macro-chimerism is used when more than
5% of the cells detected in the recipient originate from the
donor, a distinction needing to be made in both cases
between the blood and the organ chimerism with the corre-
sponding detection of donor cells in the recipient’s blood or
organs.

[0013] Chimerism can, to a certain extent, lead to toler-
ance vis-a-vis transplants. In the case of persons who, as a
result of leukaemia or a lymphoma disease, for example, had
to undergo an allogeneic bone marrow transplantation with
a largely corresponding MHC pattern between the donor and
the recipient, a “donor chimerism” was thus observed after
corresponding myeloablative conditioning (destruction of
the individual’s own bone marrow and the blood cells
derived therefrom) and subsequent stem cell transplantation.
In the case of these patients, more than 99% of the cells
detectable in the blood originated from the donor’s stem
cells and this chimerism formed the basis for the tolerance
vis-a-vis all organs transplanted from this donor. This obser-
vation was confirmed in a series of clinical examples of
subsequent kidney, liver and lung segment donations [Dey
B., etal., “Outcomes of Recipients of both bone marrow and
solid organ transplants: A review.” Medicine (Baltimore) 77,
355-369 (1989)]. For a tolerance induction to occur, it is not
decisive in this connection that a complete donor chimer-
ism—defined as the presence of more than 90% donor cells
in the peripheral blood of an allogeneic recipient—exists;
instead, it has been found that a fraction of 5% donor
cells—referred to as “mixed” chimerism—is sufficient to
induce tolerance [compare survey by Acholonu I. N. and
Ildstad S. T., “The role of bone marrow transplantation and
tolerance: Organ-specific and cellular grafts”, Curr. Opin.
Organ. Transplant 4, 189-196 (1999)].

[0014] Although, basically, proof has thus been provided
that the donor chimerism which accompanies a bone marrow
transplantation (BMTx) induces tolerance, it has neverthe-
less not been possible so far to carry out a successful
allogeneic BMTx in the case of completely MHC-different
donor and recipient constellations. This is due to the fact that
the preconditioning required for this, i.e. conditioning of the
recipient (see above) holds three substantial types of risk for
the recipient. Firstly, the bone marrow toxicity of the che-
motherapeutic agents used, which are administered together
with or without additional radiation treatment, leads to a
significant morbidity; secondly, there is the risk of the
transplanted bone marrow being rejected in spite of prior
conditioning; and, finally, there is the risk of a graft versus
host disease (GVHD) in the case of which the T-cells
transferred into the host together with the transplant turn
against the host’s organism [compare Wolff S. N., “Hemato-
poietic cell transplant from volunteer unrelated or partially
matched related donors: Recent developments.” Curr. Opin.
Organ. Transplant 5, 372-381 (2000)]. This disease occurs
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whenever the recipient’s immune system has been weakened
by the prior conditioning to such an extent that the T-cells
transferred with the bone marrow are capable of causing a
lethal rejection in the recipient.

[0015] To avoid the problems outlined above, efforts are
under way at present to design the conditioning of the
recipient to be as weak as possible. However, the greater the
MHC difference between the donor and the recipient, the
stronger a conditioning treatment must be chosen in order to
prevent the rejection of the transplanted bone marrow; this
again leads to an increase of the risk of a graft versus host
disease (GvHD).

[0016] So far, no detailed investigation has been carried
out regarding the time for which the induced chimerism
must remain detectable in the recipient’s blood in order to
guarantee a stable tolerance situation for a donor organ.
Reliable data from the mouse model, however, indicate that
a macrochimerism detectable for two weeks is already
sufficient for tolerance to arise [Weckerle, T. et al. “Alloge-
neic bone marrow transplantation with co-stimulatory
blockade induces macro-chimerism and tolerance without
cytoreductive host treatment.” Nat. Med. 6, 464-469
(2000)].

[0017] The need to develop alternatives to the immuno-
suppressants available at present to generate tolerance arises
from the angle of two major points of view. On the one hand,
the immunosuppressants clinically available so far have not
been capable of preventing chronic transplant rejection and,
on the other hand, taking immunosuppressants permanently
is accompanied by considerable side effects which make the
patient prone to viral, bacterial and mycotic infections and
which generate substantial risks through the formation of
malignoma and diseases of the cardiovascular system, in
particular by myocardial infarction and by cardial insuffi-
ciency [see Wheeler, D. C. and Steiger, J. “Evolution and
Etiology of Cardiovascular Diseases in Renal Transplant
Recipients” Transplantation 70, 41-45 (2000)].

[0018] Munn et al. have described a macrophage-induced
T-cell suppression, which is based on the selective elimina-
tion of Tryptophan and/or increase in one or more Tryp-
tophan metabolites in the environment surrounding the cells
[see Munn et al. “Inhibition of T Cell Proliferation by
Macrophage Tryptophan Catabolism” J. Exp. Med. 189,
1363-1372 (1999)]. Starting from this observation, the
authors suggest to modify T-cell mediated immuno-reac-
tions by the modification of the local extracellular tryp-
tophan concentration, in particular by inhibiting or increas-
ing the IDO-mediated Tryptophanmetabolism, see for
instance the U.S. Pat. Nos. 6,482,416 and 6,451,840. Thus,
this approach only provides a further antigen independent
and unspecific immunosuppression directed against T-cells.

[0019] What is urgently needed, however, is a clinically
applicable concept for inducing donor-specific tolerance, i.e.
a concept according to which the host’s immune response
vis-a-vis the tissue antigens present on the organ transferred
from the donor is specifically suppressed but in the case of
which the host’s immunocompetence is otherwise com-
pletely preserved.

[0020] By way of such a concept, a substantial reduction
in the discrepancy between organ demand and organ supply
would arise in the medium term since, in this way, far fewer
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organs would be lost as a result of acute and chronic
rejection processes. The lack of suitable organs can be
explained by way of statistics from the USA dating from
February 2001:

TABLE 1

Up-to-date data from “UNOS (United Nations
Organ Share Registry) National Patient Waiting
List for Organ Transplant (February 2001)”

Type of transplant Number of patients on the walting list

Kidney 47,996
Liver 17,151
Pancreas 1,060
Pancreatic islet cell 185
Kidney-pancreas 2,442
Intestine 151
Heart 4,222
Heart-lung 210
Lung 3,721
Total number of patients 74,800

[0021] This explains the immense national and interna-
tional efforts being made to develop concepts for inducing
donor-specific tolerance.

[0022] Tt is consequently the problem underlying the
invention to provide means for influencing the T-cells of the
recipient organism in such a way that they tolerate and/or
accept the foreign cells, tissues or organs concerned in the
long term without rejection. The constitution of these means
and their preparation or use should not cause any ethical
and/or legal problems and it must be possible to prepare
them rapidly for the intended therapeutic use in the quanti-
ties required for the purpose and at acceptable manufactur-
ing costs.

[0023] For the solution of the problem, the transplant
acceptance inducing cells of monocytic origin (TAIC)
according to the invention from vertebrates, in particular
form mammals, and more preferred from humans are pro-
vided. It has surprisingly been found that monocytes from
the blood of the donor (organ donor), modified according to
the invention, are capable of protecting the recipient organ-
ism, in the case of preoperative and/or postoperative admin-
istration, against its own body T-cells activated by the
foreign MHC-complex thereby preventing the rejection of
the transplant. When used as “cellular therapeutic agents”
for inducing transplant tolerance, the modified cells cause no
or no noteworthy side effects in the sense of cellular rejec-
tion, induction of tumours, in particular of malignant
tumours and graft versus host disease in the patient con-
cerned.

[0024] Tt has surprisingly been found that the process
according to the invention leads to the in vitro modification
of monocytes in such a way that cells are obtained which,
after injection into a not immune suppressed allogeneic
recipient, are capable of preventing the naturally occurring
immune response against cells or tissue of the donor and
which are thus capable of circulating in the peripheral blood
for at least three weeks. Following the administration of
approximately 10° cells/kg body weight (BW), the resulting
chimerism of GM-7 positive cells, see below, is in the region
of 5-20%. This transient chimerism induces
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[0025] a) long-term acceptance for subsequent organ
transplantations from the same donor, preferably within
10 days following the intravenous administration of the
cells and

[0026] b)long-term acceptance in combination with short-
term immunosuppressive treatment when the cells are
used subsequent to organ transplantation.

[0027] As shown in Example 10, the immunosuppressive
effect of the cells of the invention are not associated with the
macrophage-induced T-cell suppression by expression of the
tryptophan degrading enzyme Indolamine-2,3-Diogenase
(IDO), as observed by Munn et al., (see above). Rather, the
TAIC of the invention induce a specific tolerance versus the
donor in the recipient, by inactivating alloreactive T-cells on
the one hand and by inducing the formation of regulatory
T-cells in the recipient on the other hand, see Examples 12
and 13.

[0028] Macrophages derived from monocytes, which
inhibit the proliferation of T-cells by an IDO-mediated
elimination of Tryptophan in the environment surrounding
the cells, are therefore not included in the invention.

DESCRIPTION OF THE FIGURES

[0029] FIG. 1. Flow cytometric determination of the
binding capacity 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 inven-
tion. The x axis indicates the number of bound cells.

[0030] FIG. 2A: Kaplan-Meier survival curves of heart
transplants following heterotopic heart transplantation with
and without preoperative administration of donor-derived
TAIC in the rat model (n=10 animals per group).

[0031] FIG. 2B: Histological preparation of an LEW
allogeneic transplant on POD (postoperative day) 150 fol-
lowing heterotopic transplantation into the abdomen of a DA
recipient rat that had been pre-treated on day -7 with 10°
LEW-derived TAIC. Magnification factor: 40.

[0032] FIG.2C: Histological preparation from the thymus
of a DA rat pre-treated with 10° LEW-derived TAIC fol-
lowing labelling of the preparation with the monoclonal
antibody 11.69 specific for LEW-MHC class 1. Magnifica-
tion factor: 40.

[0033] FIG. 2D: Flow cytometric detection of donor-
derived cells in four DA recipient rats not subjected to
immunosuppression following the injection of LEW-derived
TAIC (rats 1-3: 10° cells/kgxBW; rat 4: 10* cells/kgxBW).

[0034] FIG. 3: Kaplan-Meier survival curves of heart
transplants following heterotopic heart transplantation with
and without postoperative administration of donor-derived
TAIC in combination with an initial administration of 4
cycles of Cyclosporin A (CSA; 5 mg/kgxBW) in the rat
model (n=6-10 animals per group).

[0035] FIG. 4A-C: Kaplan-Meier survival curve of heart
(A), liver (B) and kidney (C) transplants following hetero-
topic (A and C) or orthotopic (B) transplantation respec-
tively with and without preoperative administration of
donor-derived TAIC (n=6 animals per group).

[0036] FIG. 4D-F: Histological preparations of DA trans-
plants of the kidney (D), the liver (E) and the skin (F)
following heterotopic transplantation into a LEW recipient
rat.
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[0037] FIG. 5A: Kaplan-Meier survival curves of heart
transplants following heterotopic heart transplantations of
different combinations of inbred strains with and without
postoperative administration of donor-derived TAIC in com-
bination with an initial administration of 4 cycles of CSA (5
mg/kgxBW) in the rat model (n=6 animals per group).

[0038] FIG. 5B: Kaplan-Meier survival curves of heart
transplants following heterotopic heart transplantations 7
days after the administration of differently treated blood
monocytes from LEW donor animals (n=6 animals per

group).

[0039] FIG. 6A: Kaplan-Meier survival curves of lung
transplants following orthotopic left sided lung transplanta-
tions in pigs (“outbred minipigs”) using a triple immuno-
suppression of CSA, Azathioprin (AZA) and steroids (STE).
(n=4 animals per group).

[0040] FIG. 6B: X-ray picture of the thorax (posterior-
anterior technique) of two single-side left lung transplanted
pigs (“outbred minipigs”) on POD (postoperative day) 41
and 55. The triple immunosuppression of CSA, AZA and
steroids was discontinued on day 28 after transplantation.

[0041] FIG. 7: Mixed lymphocytes 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.

[0042] FIG. 8: Mixed lymphocyte culture of PHA-stimu-
lated lymphocytes (Phaly) and TAIC (“Mo+Ly” or “Mo”),
preincubated in two experiments with an inhibitor (1-MT) of
indolamine-2,3-dioxygenase (IDO) for determining the
influence of 1-MT on the suppressor activity of the TAIC.

[0043] FIG. 9: 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 determining the influence
of purifying the cells for enriching monocytes at the begin-
ning of the culture on the formation of immunosuppressive
CD147/CD3*-cells.

[0044] FIG. 10: 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.

SUMMARY OF THE INVENTION

[0045] The main steps of the process according to the
invention for the preparation of TAIC of monocytic origin
comprise:

[0046] (a) Isolating monocytes from blood, preferably
from human blood;

[0047] (b) Propagating the monocytes in a suitable culture
medium which contains the macrophage colony stimulat-
ing factor (hereinafter referred to as M-CSF) as growth
promoting agent;

[0048] (c) Stimulating the monocytes with y-interferon
(hereinafter called y-IFN); and
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[0049] (d) Obtaining the transplant acceptance inducing
cells formed in stage c) by separating the cells from the
culture medium.

[0050] According to the invention, it has been shown that
the stimulation with y-IFN represents a decisive step in the
preparation of TAIC (see Example 7).

[0051] With respect to the present invention the term
“TAIC” (transplant acceptance inducing cells of monocytic
origin) designates the cell population, which is obtained
from step (d) of the process described above. This cell
population comprises next to the cells derived from mono-
cytes, which are effective according to the invention, also
lymphocytes, see Example 11, as well as optionally further
cells derived from the buffy-coat, as for instance granulo-
cytes. The amount of cells derived from monocytes within
the TAIC-population is preferably 50 to 90%, more prefer-
ably 60 to 70%, referring to the total cell number.

[0052] With respect to the present invention the term “total
cell number” refers to the amount of vital cells in the cell
population under consideration. This amount can be deter-
mined by the “trypan blue dye exclusion technique”, since
this dye allows to distinguish vital cells from non-vital cells
by optical means.

[0053] The TAIC according to the invention may usually
be used in a quantity of 10*-10° cells per kilogram body
weight, preferably 10° cells per kilogram body weight, to
induce transplant acceptance. TAIC administration may be
carried out repeatedly, in the case of a large MHC difference
preferably three times at intervals of approximately 10 days
where the administration of the cells may take place prior to
or after transplantation (see below). The total number of
cells necessary for this purpose can be provided within 6 to
8 days after the blood was taken.

[0054] The cells according to the invention (TAIC) have
proved to be risk-free regarding the formation of mali-
gnoma, 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.

[0055] As explained below, further sub-populations of
cells having optimized effectivity according to the invention,
can be isolated from the fraction of cells present in TAIC,
which are derived from monocytes.

[0056] Following in vitro cultivation and stimulation of
the original cells (monocytes) with y-interferon TAIC are
formed, which comprise a sub-population of cells, see
Example 9, which binds the 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 IgG,,, the light chain of
which exhibits the kappa-isotype. The characteristic prop-
erty 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 Exanmple 9). In addition, it was demon-
strated with 20 volunteers that GM-7 does not bind to human
cells in the peripheral blood, see FIG. 10.

[0057] The antibody was prepared by immunising mice
with TAIC derived from human monocytes using methods
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known to the person skilled in the art (Davis, W. C.
“Methods in Molecular Biology: Monoclonal Antibody Pro-
tocols”, 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
Molecular Biology: Monoclonal Antibody Protocols”, New
York: Humana Press Inc. Totowa, 1995; Kohler, G., Mil-
stein, C. “Continuous cultures of fused cells secreting anti-
body 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 Mikroor-
ganismen und Zellkultur GmbH, Braunschweig, Germany)
under the accession no. DSM ACC2542,

[0058] FIG. 1 shows the binding capacity, determined by
flow cytometry, of GM-7 to monocytic cells after in vitro
modification according to the invention. It can be seen that
the CD14-positive monocytes obtained directly from buffy-
coat do not bind the antibody GM-7 (the cloud shaded grey
is congruent with the non-shaded antibody control). In
contrast, following cultivation in the presence of M-CSF and
stimulation with y-IFN, part of the monocytes express an
antigen which is recognised by the monoclonal antibody
GM-7. The monoclonal antibody GM-7 was characterised as
isotype k-1gG,,. 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 (FIG. 1).

[0059] 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 transplant acceptance (see FIG. 9).

[0060] Therefore, a preferred embodiment of the invention
relates to such TAIC, which are capable of binding the
antibody GM-7. These cells are subsequently designated as
TAICG -

[0061] The antibody GM-7 according to the invention
therefore represents an extraordinarily effective and easy to
handle agent for selecting and purifying the cells inducing
transplant acceptance (TAIC). By means of the antibody, it
is possible according to the invention to generate a homo-
geneous and highly effective TAIC population.

[0062] According to a preferred embodiment of the inven-
tion, the transplant acceptance inducing cells formed in step
¢) 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
¢), 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 invention
by binding to the antibody GM-7 produced by the hybri-
doma cell line DSM ACC2542.

[0063] To select the TAIC according to the invention, the
antibody is contacted with the sample under conditions
which permit binding of the antibody to the transplant
acceptance inducing cells present in the sample. The reac-
tion 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
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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 transplant acceptance inducing cells from large
volumes of sample.

[0064] To obtain the transplant acceptance inducing cells,
the bond between the antibody and the transplant acceptance
inducing cells is separated 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. Correspond-
ing 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-1) Tax-specific CD8+ Cyto-
toxic T Lymphocytes from patients with HTLV-1 associated
disease: Evidence for the oligoclonal expansion™ J. of Virol-
ogy February 1996, 843-851).

[0065] Moreover, the monoclonal antibody GM-7 permits
the qualitative and quantitative detection of the transplant
acceptance inducing cells of monocytic origin according to
the invention in blood and/or tissue samples of the patient in
vitro. This patient may, for example, be the recipient of an
organ yet to be transplanted or already transplanted. The
formation of reaction complexes in the sample which indi-
cate the presence and, if applicable, the quantity of the
transplant acceptance inducing cells is detected by known
methods.

[0066] 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 mol-
ecules are described in large numbers in the field of molecu-
lar diagnostics and include, among others, fluorescent dyes
such as fluorescein isothiocyanate or tetramethyl
rhodamine-5-isothiocyanate, luminescent dyes, radioac-
tively labelled molecules and enzymes such as peroxidases
(compare Lottspeich, F., Zorbas, H. “Bioanalytik”, Spek-
trum Akademischer Verlag GmbH, Heidelberg-Berlin,
1998).

[0067] The detection of the antibody takes place depen-
dent 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. Methods for labelling antibodies
with FITC are known to the person skilled in the art who
operates in the field.

[0068] 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 reaction complex with a further labelled
antibody (compare Lottspeich, 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 invention since several labelled
secondary antibodies can bind to one GM-7 antibody (signal
amplification).

[0069] The antibody GM-7 consequently allows the detec-
tion of TAIC in the peripheral blood of the patient treated
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with TAIC, for example in the form of “monitoring”, during
which the number of cells in the peripheral blood is deter-
mined at specific time intervals. According to the invention,
it has been found that the presence of TAIC prepared from
monocytes of the donor correlates, in the animal test in the
peripheral blood of the transplant recipient, with the toler-
ance of the transplanted organ. This finding consequently
permits the clinician to wean off or to reduce the dosage of
the immuno-suppressants that are optionally administered
stepwise. Previously, it had not been possible from the
clinical point of view to provide accurate evidence as to
whether the immune system of a patient exhibited tolerance
at a given point in time following transplantation.

[0070] As is obvious to the person skilled in the art, it is
possible to prepare monoclonal antibodies against TAIC
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 cor-
responding hybridoma cell line are carried out as described
above for the TAIC of human origin. The generation of
effective TAIC populations from other species provides an
important contribution in the field of xenogeneic transplan-
tation medicine.

[0071] A particularly preferred embodiment of the inven-
tion relates to a sub-population of the TAIC of the invention,
which co-express the antigens CD3 and CD14 on their cell
surface. These cells are subsequently indicated as
TAIC - 3,/cp14s- Such cells have to date not been reported
in the state of the art. Monocytes and known cells derived
from monocytes do carry the surface marker CD14, how-
ever, they do not additionally carry the surface marker CD3
at the same time.

[0072] TAIC which co-express the surface antigens CD3
and CD14 may either be directly selected from the transplant
acceptance 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 invention, or they may alterna-
tively be selected from the TAIC,,, population.

[0073] Further, it has been shown according to the inven-
tion that the TAICps,/cp1a. €Xpress the genes Foxp3,
CTLA4 and Integrin agf, strongly (see Example 12). In
contrast, these genes are not or only to a small extent
expressed by the original monocytes. The upregulation of
the expression of the genes Foxp3, CTLA4 and Integrin
@.f; is therefore a characteristic of TAIC ;. ,cp4.-cells.

[0074] As discussed in Example 12, the expression of the
markers FoxP3, CTLA4 and Integrin o3, was previously
only described for regulatory T-lymphocytes. T-lympho-
cytes, which co-express the surface antigens CD4 and CD25
are a sub-population of regulatory T-lymphocytes, which are
also indicated as “suppressor 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 specifically expressed by these cells. According
to the invention, it is preferred that the TAIC ps,/cpias-
cells express at least 1x10™°, more preferably at least
5%x107°, and in particularly preferred manner at least 1x10~®
g Foxp3-RNA per g total RNA.
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[0075] CTLA4 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 12). According to the invention,
the TAICp3, cp; 4. -c€lls should preferably express at least
5x1077, more preferably at least 3x10~° and in a particularly
preferred manner at least 5x10°° pg CTLA4-RNA per g
total RNA.

[0076] Integrin agf., which recognizes epithelial Cad-
herin was recently described by Lehmann et al. in PNAS 99,
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 expres-
sion of the Integrin agf,-RNA should according to the
invention amount in TAIC p;, cop;4,.-cells to preferably at
least 1x107*2, more preferably to at least 1x107™'!, and in a
particularly preferred manner to at least 1x107'°, and most
preferably to at least 1x10™ ug per 1 ug total RNA.

[0077] As shown in the Table in Example 12, the direct
co-culturing of the TAIC of the invention with lymphocytes
leads to a significant increase in the number of regulatory
T-lymphocytes, in particular of CD4/CD25 double-positive
cells in the lymphocyte population with strongly up-regu-
lated expression of the genes Foxp3, CTLA4 and Integrin
0zf,. The Example further demonstrates that this effect is
not observed if TAIC are indirectly co-cultured with lym-
phocytes.

[0078] These results indicate that stimulation of the for-
mation and/or propagation of regulatory T-lymphocytes by
TAIC is involved in the induction of transplant acceptance
by the TAIC of the invention.

[0079] Example 13 confirms this hypothesis. In this
Example, lymphocytes from the recipient animals of
Examples 3, 4, 5, 6 and 7 were incubated with TAIC from
the respective donor animals in vitro. For the induction of
tolerance, TAIC pre-incubated with the lymphocytes from
the recipients 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 tolerance.

[0080] The TAIC of the invention can be used as such as
pharmaceutical preparation. The cells obtained from step d)
of the method of the invention as described above can be
used directly. About 10-50% of the total cells of the popu-
lations so obtained is formed by lymphocytes and granulo-
cytes, which stem from the initial monocyte isolate (buffy-
coat). These cells support the formation of the TAIC of the
invention derived from the monocytes in the culturing step
(see Example 11); they do not interfere with the tolerance
induction if the TAIC of the invention are used as a phar-
maceutical preparation.

[0081] However, according to further preferred embodi-
ments of the invention, the sub-populations TAIC,,, and/or
TAIC cpys4/cp12s May be isolated from the totality of the
TAIC population obtained from process of the invention (see
above) and may be used for tolerance induction.

[0082] In culture media (see Example 2), the TAIC or the
TAICq, 17 and/or TAIC 3, jop 14, MAay be kept for at least 48
hours without their tolerance inducing effect becoming lost.
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[0083] For use as pharmaceutical preparation, the TAIC or
the sub-populations TAIC 5, ; and/or TAIC 3., o1, SUS-
pended in e.g. human AB serum (universally suitable for
use) can be administered intravenously as short transfusion.
For the induction of transplant acceptance in the case of
allogeneic transplantation, the TAIC generated from the
monocytes of the donor or the sub-populations TAIC 557
and/or TAIC ps,cpia, can be injected into the MHC-
different recipient either pre-operatively or postoperatively.
In the case of preoperative administration, the TAIC should
be injected once to three times approximately 1 week before
the operation. In the case of postoperative administration,
the period between the operation and the single administra-
tion of the cells should not be longer than 7 days. The TAIC
according to the invention or the sub-populations TAIC 7
and/or TAIC 13, ,cp1a, are then capable of repelling the
T-cell response of the recipient’s immune system against the
transplant and to persist in the recipient blood for a suffi-
ciently long period of time to guarantee long-term transplant
acceptance.

[0084] Preoperative intravenous injection can be consid-
ered in connection with donations from living individuals;
however, if a corpse donation (blood and organ from a dead
body) is at issue, postoperative administration of the TAIC
according to the invention or the sub-populations TAICg,,,
and/or TAIC cps,,cprss may be preferred. In the case of a
corpse donation, the body of the donor is flushed with a
perfusion medium by canalisation of the principal artery for
purposes of organ preservation. In this case, the venous
blood is normally sucked out via the vena cava and dis-
carded. To obtain the TAIC to be used according to the
invention, the venous blood can be collected and processed
as described in Example 1. In the alternative, in the case of
corpse donation, TAIC may also be obtained from cells
(Ilymphocytes and monocytes) from the donor spleen.

[0085] Inthe case of postoperative application of the TAIC
according to the invention in connection with corpse dona-
tion, the interval between the transplantation and the appli-
cation of the cells can be overcome by combination with
immuno-suppressants, in order to prevent an acute rejection
of the organ in the interval between the transplantation and
the provision of the TAIC obtained from the donor blood. In
this connection, therapeutic combinations with conventional
immuno-suppressants such as, for example, calcineurin
inhibitors such as cyclosporin A (CSA) or tacrolimus or with
azathioprine (AZA), mycophenolate mofetil, rapamycin,
monoclonal antibodies (ATG, ALG, but neither with Dicli-
ziumab or Basiliximab) or steroids (STE) can be considered.
The presence of immuno-suppressants (except for known
IL-2-receptor-a. monoclonal antibodies such as Dicliziumab
and Basiliximab) in the recipient blood has no negative
effect on the effectiveness of the immuno-suppressants, on
the one hand, or the TAIC, on the other hand.

[0086] In this sense, the cells of monocytic origin which
have been modified according to the invention can be used
as “vehicle for tolerance transfer” for any cellular transplant
(such as islet cells, hepatocytes, adult stem cells and for any
other programmed cell type or tissue type) and organ (such
as e.g. kidney, liver, heart) insofar as they are genetically
identical to the cells to be transplanted (organs), i.e. they
must originate from the donor him/herself or from identical
twins thereof. The TAIC fulfil their protective function by
allowing the transplanted cells/organs to become adherent in
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the new environment, thus saving the recipient from suffer-
ing the side effects of a longterm immunosuppressive
therapy.

DETAILED DESCRIPTION OF THE
INVENTION

[0087] The starting cells for the process according to the
invention are blood monocytes. These are preferably mono-
cytes from human blood. For purposes of inducing trans-
plant acceptance, the cells must originate from the donor of
the transplant (or his/her identical twin). In the case of
xenogeneic transplantations of e.g. monkey or pig organs
into man, the TAIC according to the invention must conse-
quently be derived from the monocytes of the donor animal
concerned.

[0088] To obtain the monocytes, 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 cen-
trifugation, 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).

[0089] In connection with the process according to the
invention, the buffy-coat layer is first isolated and separated
to obtain the monocytes e.g. by centrifuging according to
known methods. According to a preferred process embodi-
ment, the buffy-coat layer is applied onto a lymphocyte
separation medium (Ficoll-Hypaque) and centrifuged (see
Example 1). Example 1 describes the preferred embodiment
of the invention, wherein the erythrocytes and dead cells still
contained in the buffy-coat are separated by centrifuging,
and the white blood cells including the monocytes are
present as an isolate on the separation medium. Thereafter,
the white phase of monocytes may be carefully pipetted off,
and, for enrichment of the monocytes within the isolate, are
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.

[0090] 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
isolate contains about 10-50% lymphocytes next to the
monocytes, by reference to the total number of cells. Pref-
erably, the isolate contains about 50-90%, in a particularly
preferred manner 60-70% monocytes and about 10-50%, in
a particularly preferred manner 20-30% lymphocytes, each
by reference to the total cell count, wherein the difference
will optionally be provided by granolocytes.

[0091] As shown in Example 11, the presence of lympho-
cytes in a magnitude of 20-30%, referred to the total cell
count, during the culturing of the original monocytes with
MCSF and y-interferon will lead to the generation of a
significantly higher amount of CD3/CD14-double positive
TAIC, as will be the case if only a few lymphocytes (about
5%) are present.

[0092] To prepare a sufficient quantity of TAIC, 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
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M-CSF (macrophage-colony-stimulating-factor). M-CSF
(also-called CSF-1) is produced by monocytes, fibroblasts,
lymphocytes and endothelial cells. The concentration of
M-CSF in the culture medium may preferably amount from
2 to 20 pg/l medium, more preferably 4 to 6 ug/l and in
particularly preferred manner 5 pg/l.

[0093] Subsequently or simultaneously, the cells must be
stimulated with y-IFN, i.e. cultured in the presence of y-IFN.
The stimulation of the monocytes with y-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, y-IFN stimulation is
carried out and this stimulation is extended over a period of
preferably 24 to 72 hours, more preferably 48 hours under
incubator conditions i.e. at 37° C. and in a 5% CO, atmo-
sphere.

[0094] The concentration of y-IFN in the medium may be
0.1 to 20 ng/ml, preferably 1 to 10 ng/ml and particularly
preferably 5 ng/ml.

[0095] The stimulation with y-IFN may begin simulta-
neously 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 stimu-
lation with y-IFN should, overall, preferably not take more
than 8 days. In any case, treatment with y-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 propagation and stimulation of the cells
should consequently last for a total of preferably 4 to 8 days.

[0096] According to a preferred embodiment of the inven-
tion, the propagation and stimulation with y-interferon is
carried out as indicated in Example 2 in such a way that the
monocytes are first propagated in a culture medium con-
taining the growth factor and that y-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, preferably 1 to 10 ng/ml
and particularly preferably 5 ng/ml is obtained in the
medium.

[0097] 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
alternatively with human AB serum (see Example 2). Coat-
ing with FCS can take place by covering the surface of the
culture vessels with FCS before use and, following a period
of interaction of a few hours, in particular 4 to 72 hours,
preferably 12-48 hours and in particular 24 hours, removing
the FCS not adhering to the surface in a suitable manner.

[0098] 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 TAIC,
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.

[0099] Removing the adhering cells can take place
mechanically, e.g. by means of a fine cell scraper or spatula.
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[0100] According to a preferred embodiment of the pro-
cess 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/l, preferably 0.05 g/1) can be allowed
1o act onto the cells for 2 to 10 minutes at 35° C. to 39° C.,
preferably at 37° C., in the presence of 5% CO,.

[0101] The enzyme activity is then blocked in the usual
manner and the now freely floating TAIC 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 Example 2); wherein this preserva-
tion medium should contain neither the growth factor nor
v-IFN. The cells can be kept in such a nutrient medium as
TAIC for at least 48 hours.

[0102] 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
FCS containing DMSO.

[0103] According to one embodiment of the invention the
cell suspension containing transplant acceptance inducing
cells obtained from steps ¢) or d) may be further purified
with respect to those cells, which bind the antibody GM-7,
$0 as to obtain a sub-population TAIC,,,. Methods for such
purification are described above in detail.

[0104] According to a further, preferred embodiment of
the invention such cells are selected from the TAIC popu-
lation, which co-express the antigens CD3 and CD14 on
their cell surfaces. Methods for selecting such cells are
known in the art. Examples for such methods are the
“Fluorescent-Activating Cell Sorting” (FACS), the
“Immuno Magnetic Bead Sorting” and the “Magnetic Acti-
vated Cell Sorting” (MACS), or the so-called “Rosetting
Method[see Gmelig-Meyling F. et al. “Simplified proce-
dure for the separation of human T- and non-T-cells”, Vox
Sang. 33, 5-8 (1977)].

[0105] The selection of the TAIC sub-population
TAIC ps,,cpia, can take place directly from the TAIC
population obtained from steps c) or d) of the above-
described process of the invention, or from the TAIC,,;-
sub-population. The latter way to proceed means that a
stepwise enrichment of TAICps, cp1a, Will take place.

[0106] In a preferred embodiment of the invention the
TAIC according to the invention are used per se for the
production of a pharmaceutical composition for the in vivo
suppression of transplant rejection.

[0107] Such pharmaceutical preparation may contain vital
TAIC according to the invention, which are obtained from
step d) of the process of the invention, suspended in a
pharmaceutically acceptable carrier preferably in a quantity
of about 1x10° to 1x107 cells/ml and more preferably of
about 1x10° cells/ml of the preparation.

[0108] In a further preferred embodiment of the invention
the cells of the TAICG,,, sub-population according to the
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invention are used per se for the production of a pharma-
ceutical composition for the in vivo suppression of trans-
plant rejection.

[0109] Such pharmaceutical preparation may contain vital
TAIC 54 cells according 1o the invention, which bind to the
antibody GM-7, suspended in a pharmacologically accept-
able liquid carrier, preferably in a quantity of about 1x10°to
1x10® cells/ml and more preferably of about 1x10° cells/ml
of the preparation.

[0110] In a particularly preferred embodiment of the
invention the cells of the TAIC ps,/cp14. SUb-population
according to the invention are used per se for the production
of a pharmaceutical composition for the in vivo suppression
of transplant rejection.

[0111] Such pharmaceutical preparation may contain vital
TAICeps,cp1a, Cells according to the invention, which
co-express the antigens CD3 and CD14, in a quantity of
preferably about 5x10° to 5x107 cells/ml and more prefer-
ably of about 5x10° cells/ml of the preparation.

[0112] The above described pharmaceutical preparations
may contain the cells according to the invention suspended
in a physiologically well-tolerated medium. Suitable media
are for example Ringer solution, physiological saline or 5 to
20% human albumin solution and the like.

[0113] Cell preparations according to the invention may
contain vital TAIC, which are obtained from step d) of the
process of the invention. Alternatively, the preparations may
contain cells belonging to the sub-populations of TAICg,,,
cells, which bind to the antibody GM-7, or of TAIC s,
cpi4+ cells, which co-express the antigens CD3 and CD14
on their cell surface. The preparations may contain the
respective cells in a quantity of preferably at least 1x10°,
more preferably at least 5x10° and most preferably at least
1x10° 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% human 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 solution and 10%
DMSO.

[0114] Finally, the invention also relates to a method
wherein the transplant-acceptance inducing cells of the
invention (TAIC, TAIC 5y, 0r TAIC 13, cp14.) are used for
generating or expanding regulatory T-lymphocytes in vitro.
As shown in Example 12, the direct in vitro cocultivation of
TAIC with lymphocytes leads to a significant proliferation
of regulatory T-lymphocytes, in particular of CD4*/CD25*
lymphocytes, see Wood and Sakaguchi: “Regulatory Cells in
Transplantation Tolerance”, Nature Review Immunology 3,
199-210 (2003). 1t is therefore possible to generate and/or
expand regulatory T-lymphocytes in particular CD4*/CD25*
lymphocytes by directly coculturing TAIC with lympho-
cytes as described in Example 12.

[0115] Direct in vitro culturing means according to the
invention that TAIC and lymphocytes are cocultured in
direct physical contact within the same medium, as a.o.
exemplified in Example 12.

[0116] In this method the medium preferably contains the
respective cells i.e. TAIC and lymphocytes in about equal
cell numbers and each in a quantity of preferably at least
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1x10°, more preferably at least 5x10° and most preferably at
least 1x10° 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 5-20% human
albumin solution. The co-cultivation preferably should take
place under physiological conditions at about 37° C., e.g. in
an incubator, for preferably about 3 to 5, more preferably 4
days.

[0117] As shown in Example 13, transplant acceptance
can not only be induced by administering TAIC generated
from donor monocytes to the recipient, but also by read-
ministering recipient lymphocytes to the recipient, which
have previously been directly cocultured in vitro with TAIC
prepared from donor monocytes as described above.

[0118] According to a further embodiment of the invention
regulatory T-lymphocytes can therefore be prepared in vitro
from lymphocytes originating form the recipient of a trans-
plant, by direct coculturing of lymphocytes from the recipi-
ent with TAIC originating from the donor of that transplant.
Readministering the cocultivated lymphocytes to the recipi-
ent will lead to transplant acceptance by the recipient, as
shown in Example 13.

[0119] The recipient derived 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 transplant rejection in the recipient, wherein the
cells are suspended in a pharmacologically acceptable car-
rier as described above.

[0120] The invention is illustrated in further detail by way
of examples.

[0121] Ifnot defined within the examples, the composition
of the media and substances used are as follows:

1. Penicillin/Streptomycin Solution:

[0122] 10,000 units of penicillin as sodium salt of
penicillin G and 1000 pg streptomycin as streptomycin
sulphate per ml physiological sodium chloride solution
(NaCl 0.85%) (Gibco Catalogue No. 15140122).

2. Trypsin-EDTA
[0123] 0.5 g trypsin and 0.2 g EDTA (4 Na)/l

3. RPMI 1640 (1x, Liquid (11875)) Contains
L-Glutamine

[0124] RPMI (Roswell Park Memorial Institute) Media
1640 are enriched formulations, which can be used exten-
sively for mammalian cells.

Components Mol.-weight  Cone. (mg/l)  Molarity (nM)
Anorganic salts

Calcium nitrate 236 100.00 0.424

(Ca(NO3),4H,0)

Potassium chloride 75 400.00 5.30

(KCl

Magnesium sulphate 120 48.84 0.407

(MgSO,)

Sodium chloride 58 6000.00 103.44

(NaCl)

Sodium bicarbonate 84 2000.00 23.800

(NaHCO3)

Dec. 21, 2006

-continued
Components Mol.-weight  Cone. (mg/l)  Molarity (nM)
Sodium phosphate 142 800.00 3.63
(Na,HPO,)
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 313 65.00 0.206
dihydrochloride
L-Glutaminine 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 146 40.00 0.219
hydrochloride
L-Methionine 149 15.00 0.101
L-Phenylalanine 165 15.00 0.0909
L-Proline 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-Tyrosine disodium, 261 29.00 0.110
dihydrate
L-Valine 117 20.00 0.171
Vitamins
Biotin 244 0.20 0.008
D-calcium 477 0.25 0.0005
pantothenate
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 137 1.00 0.0072
acid (PABA)
Pyridoxine HCI 206 1.00 0.0048
Riboflavin 376 0.20 0.0005
Thiamin HCI 337 1.00 0.0029
Vitamin B12 1355 0.005 0.00000369

Reference: Moore G. E., et al., TAM.A. 199: 519 (1967)

[0125] 4. PBS (Dulbecco’s phosphate buffered saline) cf.
J. Exp. Med. 98:167 (1954):

Components g/l
Kcl 0.2
KH,PO, 0.2
NaCl 8.00
Na,PHO, 1.15

5. Ficoll-Hypaque:

[0126] Lymphocyte separation medium (saccharose/ep-
ichlorohydrincopolymerisate Mg 400,000; Density
1.077, adjusted with Sodium diatrizoate).
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6. L-Glutamine
[0127] Liquid: 29.2 mg/ml
7. Macrophage-Colony Stimulating Factor (M-CSF)

[0128] Recombinant human M-CSF from E. coli; con-
tains 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. y-Iuterferon (y-IFN)

[0129] Recombinant human y-IFN from E. coli; 16.7
kD protein containing 143 amino acid residues
(CHEMICON Catalogue No. IF002)

EXAMPLE 1

Separation of Monocytes from Whole Blood

[0130] To avoid the coagulation of the blood and to feed
the cells, 450 ml human whole blood was mixed in a triple
chamber bag set with 63 ml of a stabiliser solution which
contained, per litre H,O, 3.27 g of citric acid, 263 of g
trisodium citrate, 25.5 g of dextrose and 22.22 g of sodium
dihydroxy phosphate. The pH of the solution was 5.6-5.8.

[0131] To separate the components of the blood, “sharp
centrifuging” of this mixture was subsequently carried out at
4000 rpm for 7 minutes at 20° C. This resulted in the
layering of the corpuscular 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 so-called buffy-coat remained in the
middle bag and contained a volume of approximately 50 ml.

[0132] The quantity of 50 ml of freshly obtained buffy-
coat was then divided into 2 portions of 25 ml each and
layered onto 25 ml of Ficoll-Hypaque separation medium
respectively which had been introduced previously into two
50 ml Falcon tubes.

[0133] This preparation was centrifuged for 30 minutes at
2500 rpm without braking. Thereafter, any erythrocytes and
dead cells still present in the buffy-coat were below the
Ficoll phase, whereas the white blood cells, including the
monocytes, were separated off on the Ficoll as white inter-
phase.

[0134] Subsequently, the white interphase including the
monocytes was carefully removed by pipetting and mixed
with 10 ml of phosphate-buffered saline (PBS).

[0135] This preparation was then centrifuged three times
for 10 minutes at 1800 rpm with braking, the supernatant
being removed by pipetting after each centrifuging process
and fresh PBS being introduced.

[0136] The cell pellets assembled at the bottom of the
centrifuging vessel (Falcon tubes) contained the mono-
nuclear cell fraction, i.e. the monocytes.

[0137] To prepare the monocytes required for the rat
experiments, 25 ml of whole blood were isolated from four
genetically identical donor rats respectively and each was
layered onto a 25 ml Ficoll-Hypaque separation medium.
The procedure was then continued in the same way as
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described above. Alternatively, analogous separation steps
on Ficoll may also be applied to spleen cell suspensions.

EXAMPLE 2

Propagation and Modification of the Monocytes

[0138] The cultivation and propagation of the monocytes
was carried out in nutrient medium with the following
composition:

RPMI 1640 medium 440 ml
Fetal calf serum (FCS), 50 ml
alternatively, AB serum

Penicillin/Streptomyein 5ml
Solution

Total volume 500 ml

[0139] The nutrient medium contained 2.5 pg/500 ml
M-CSF.

[0140] The monocytes isolated in Example 1 were sus-
pended in a total quantity of 10° cells in 10 ml 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 the FCS had been poured off after
24 hours in order to obtain, in this way, a dish coated with
FCS.

[0141] The Petri dish was covered with the appropriate
cover and kept for 3 days in an incubator at 37° C. The cells
settled at the bottom of the Petri dish after 24 hours. On day
two, the supernatant was pipetted off and the Petri dish again
filled with 10 ml of fresh nutrient medium.

[0142] On day 4, 50 ng y-interferon in 10 ml nutrient
medium were added and the dish was again closed and kept
for a further 48 hours in the incubator at 37° C.

[0143] Subsequently, 10 ml 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
37° C.

[0144] 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.

[0145] The total supernatant (10 ml of trypsin solution+10
ml of medium) was pipetted off, combined in a 50 m1 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 nutrient being added per 10° cells. The
determination of the cell count for the determination of the
exact dosage took place according to known methods,
compare Hay R. J., “Cell Quantification and Characterisa-
tion”, in Methods of Tissue Engineering, Academic Press
2002, Chapter 4, S. 55-84.

[0146] 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.). Subsequently, the intravenous administration can
take place directly or within 48 hours.
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[0147] Alternatively, after centrifuging and discarding the
supernatant containing trypsin, FCS/DMSO was added as
freezing medium to the cells and these were deep frozen in
a volume of 10 ml.

[0148] The freezing medium contained 95% FCS and 5%
DMSO. In each case, approximately 10° cells were incor-
porated into 1 ml of the medium and cooled in the following
steps:

[0149] 30 minutes on ice;

[0150] 2 hours at -20° C. in the pre-cooled Styropor
box;
[0151] 24 hours at —80° C. in Styropor;

[0152] Storage in small tubes in liquid nitrogen (N,) at
-180° C.

[0153] FIG. 1 shows the phenotypic changes in the anti-
gen expression, determined by flow cytometry, on the mono-
cytes used after cultivation and y-IFN stimulation of the
original monocytic cells.

EXAMPLE 3

Use of the Transplant Acceptance Inducing Cells
(TAIC) for Preconditioning of the Immune System
of the Transplant Recipient

[0154] The use of TAIC for treating a potential recipient
before transplantation offers itself, for example, in the
clinical case of a live donation, where it has been clarified
in advance of the organ transplantation who the donor will
be and who will receive the donor organ.

[0155] For this case, the heterotopic heart transplantation
was carried out in the rat model on male inbred rats of the
strain combination LEW[RT1.'] (in connection with the
present invention referred to as “LEW™)->DA[RT1.™'] (in
connection with the present invention referred to as “DA”)
using the technique described by Ono and Lindsey [Ref.
Ono, K. and Lindsey, E. S. “Improved technique of heart
transplantation in rats”. J. Thorac. Cardiovasc. Surg. 57,
225-229 (1969)]. On day -7 before the transplantation, the
DA recipient rats received 10° TAIC derived from LEW
monocytes intravenously in 1 ml of PBS. Subsequently, the
transplantation took place seven days later of a heart taken
from the LEW rat strain, which was heterotopically
implanted into the abdomen (abdominal cavity) of the DA
recipient animal. Since the rat strains used were inbred
strains, the TAIC according to the invention expressed
identical tissue antigens as the transplanted LEW heart.

[0156] For control purposes, a so-called third strain trans-
plantation was carried out. For this purpose, TAIC (10°)
originating from the same LEW donor animal were injected
intravenously into DA animals again on day -7 (i.e. 7 days
before the surgical intervention). 7 days afterwards, the
transplantation of a heart removed from a CAP[RT1.] (in
connection with the present invention referred to as “CAP”)
rat inbred strain was carried out. CAP rats express the
haplotype RT1.°, they are therefore fully MHC-discordant
(MHC-different) to the LEW donor animals. Below, the
individual test groups in which a heterotopic heart transplant
took place (n=10) are detailed:
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[0157] 1. LEW->DA; untreated,

[0158] 2.LEW->DA; 10° LEW derived TAIC i.v., day -7
before LEW heart transplantation;

[0159] 3.CAP->DA; 10° LEW derived TAIC iv., day -7
before LEW heart transplantation;

[0160] 4. CAP->DA; untreated;
[0161] 5. LEW->LEW, untreated,

[0162] 6. LEW->LEW, 10° LEW derived TAIC i.v., day
-7 before LEW heart transplantation.

[0163] As can be seen from the Kaplan-Meier survival
curves of the heart organs (FIG. 2A), 9 of 10 LEW hearts
were accepted long-term (>150 days) by DA recipient
animals whereas CAP third strain hearts were rejected
acutely after 6.7+0.8 days. Where no prior administration of
TAIC took place, the LEW hearts were also rejected acutely
after 7.2+£1.0 days. The rejection of CAP hearts by the
immune response stimulated in the DA animal after 6.7+0.8
days took place within the same time span as in the untreated
control group in which the CAP hearts of DA rats were
rejected after 6.9+1.0 days, compare group 3 and group 4,
respectively. All hearts transplanted syngeneically in the
LEW->LEW scheme survived long-term (>150 days) irre-
spective of whether or not the TAIC pre-treatments had
taken place. From this, the conclusion can be drawn that
TAIC do not put the recipient organism at risk in the sense
of a graft versus host disease. Moreover, it is possible to
draw the conclusion from this result that the i.v. adminis-
tration of 10° TAIC 1 week before transplantation opens up
the possibility of inducing long term organ acceptance. The
induced tolerance is donor-specific since a corresponding
pre-treatment of DA rats with LEW-derived TAIC does not
induce tolerance for CAP third strain heart transplants. In the
syngeneic LEW>LEW scheme, the additional administra-
tion of TAIC influences neither the survival of the recipient
animals nor that of the transplants.

[0164] FIG. 2B shows the histological evaluation of a
LEW allogeneic transplant on postoperative day (POD) 150,
following heterotopic transplantation into the abdomen of a
DA recipient rat. The recipient rat had been pre-treated on
day -7 before transplantation with 10° LEW-derived TAIC.
The transplant was functioning satisfactorily (strong heart
beat) up to the time of its removal from the recipient rat
(POD) 150. The histological preparation (x40) showed a
healthy heart muscle morphology, normal vascular endot-
helial tissue and only minimal infiltration with mononuclear
cells without any indication of acute and chronic rejection
processes.

[0165] Remarkable in this connection is also the fact that
donor-derived cells (detected by immunohistochemical
detection using LEW-MHC class I-specific antibodies 11.69)
could be detected long-term in the course of a year in the
thymus of the DA recipient rats. FIG. 2C shows a histo-
logical preparation of a thymus, removed on POD 150, of a
DA rat pre-treated with 10° LEW-derived TAIC. The prepa-
ration was labelled with the monoclonal antibody 11.69
specific for LEW-MHC class 1. As shown in the Figure,
administering TAIC leads to the colonisation of the thymus
gland where the presentation of donor-derived MHC anti-
gens to the maturing T-cells takes place; small nests of cells
can be clearly recognised which can be labelled with the
antibody.
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EXAMPLE 4

Detection of Donor-Derived Modified Monocytes
in the Recipient

[0166] The induction of a mixed chimerism by the intra-
venous injection of the LEW-derived TAIC in the DA animal
concerned can be considered as a possible cause of the
tolerance induced according to the invention. A test was
therefore carried out to check whether, following the injec-
tion of LEW-derived TAIC, more than 5% of cells can be
detected in the blood of the recipient animal by flow
cytometry in the long term (>45 days). The flow cytometry
was carried out as described in the state of the art [Ref.
Preffer F. 1., “Flow cytometry” In: Diagnrostic Immunopa-
thology, Colvin R B, Bhan A K, McCluskey, R T (eds.),
Raven Press New York, pp. 725-449 (1994)]. The detection
of the LEW donor cells in the DA recipient blood took place
using the monoclonal antibody 11.69 which specifically
detects the LEW-MHC class I antigens [see Fandrich F., et
al. Nature Med. 8, 171-178, (2002)]. The chimerism data
which were determined for 4 of the LEW->DA transplan-
tations described in Example 3, following the administration
of 10° or 10* TAIC/kgxBW respectively, in the peripheral
blood of the recipient animals are shown in FIG. 2D.

[0167] Following the injection of LEW-derived TAIC into
four DA recipient rats not subjected to immunosuppression
(10° cells/kgxBW into rats 1-3 and 10* cells/kgxBW into rat
4), rats 1-3 showed a longer term chimerism (60-80 days) in
the DA recipient blood, which could be attributed to donor-
derived cells. The detection of donor-derived cells took
place by flow cytometric determination using the LEW-
MHC class I-specific antibody 11.69 (a monoclonal antibody
which binds only to MHC class I positive cells of the LEW
strain of rat and does not cross-react with cells of DA strains
of rat). Since quasi all cells of the peripheral blood express
MHC class I antigen on the cell surface, the proportion of
donor cells in the peripheral blood of the DA rat can be
highly accurately determined with 11.69. As shown in the
graphs in FIG. 20, in 3 of 4 animals, more than 10% of the
cells express the donor antigen labelled by 11.69 within the
first 6 weeks following the intravenous injection of the
TAIC. After 60 days following injection, this proportion of
the chimerism in the peripheral blood of these DA rats
decreases substantially and disappears completely on day
100. However, this transient chimerism correlates closely to
the transplant survival of LEW hearts transplanted after
double time (i.e. 7 days after TAIC injection) which are no
longer rejected in spite of a lack of donor chimerism (after
day 100) (rats 1-3 in the example). On the other hand, the
induction of short-term chimerism following the adminis-
tration of 10* cells/kgxBW (Rat 4; <20 days) does not
guarantee the long-term transplant acceptance of the trans-
ferred heart.

EXAMPLE 5

Administration of Donor-Derived Cells Post
Transplantationem

[0168] An evaluation was then to be cartied out for the
clinical case of corpse (deadbody) donation to determine to
what extent the postoperative administration of TAIC was
capable of inducing the corresponding long-term acceptance
of the transplanted organ in the recipient. For this purpose,
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heterotopic heart transplantations were carried out in the
LEW->DA rat inbred strain model. The DA recipient rats
received 4 cycles of cyclosporin A (CSA) intravenously in
the dosages of 5 mg CSA/kgxBW on days 0, 1, 2 and 3
following transplantation. On day 7, the intravenous admin-
istration of 10° LEW-derived TAIC intravenously into the
tail vein of the DA recipient rats took place. The following
experimental groups served as controls (n=6-10).

[0169] 1. LEW->DA; untreated

[0170] 2.LEW->DA; CSA, 5 mg/kgxBW, i.v.,day 0, 1, 2
and 3

[0171] 3.LEW->DA; CSA, 5 mg/kgxBW, i.v., day 0, 1, 2

and 3 plus 10° LEW-derived TAIC, i.v., day 7
[0172] 4. LEW->DA; 10° LEW-derived TAIC, i.v., day 7

[0173] 5.CAP->DA; CSA, 5 mg/kgxBW, iv, day 0, 1, 2
and 3 plus 10° LEW-derived TAIC, i.v., day 7

[0174] The postoperative intravenous treatment of the DA
recipient rats with 10° LEW-derived TAIC on POD (post-
operative day) 7 leads to long-term tolerance if an initial
administration of 4 cycles of CSA (5 mg/kgxBW, i.v.) has
been effected from day 0-3. The initial administration of
CSA is necessary since the sole treatment with a single
administration of 10° TAIC on POD 7 (postoperative day)
prevents acute rejection only in 1 out of 6 cases. The CSA
dose chosen in this case has only a subtherapeutic effect
since no long-term acceptance can be induced by the exclu-
sive CSA administration even though the survival of the
transplant is prolonged. The induced transplant acceptance
is donor-specific since a corresponding treatment of DA rats
with LEW-derived TAIC does not induce any tolerance for
CAP-third strain heart transplants.

[0175] As shown in FIG. 3, the hearts of experimental
group 1 were rejected acutely after 7.0£0.8 days. The hearts
of group 2 were rejected with a delay after 14.4£7.0 days.
The hearts of group 3 were accepted for longer than 150
days in 5 out of 6 cases. In the rat system, the acceptance of
organs for more than 100 days is considered to be long-term
acceptance since the average life expectancy of an inbred rat
is only approximately 2 years. The sole postoperative
administration of TAIC (10° cells) was able to prevent acute
rejection only in 1 out of 6 cases since the heart organs
ceased to beat after 22.6+31.6 days (group 4). The third
strain control with CAP hearts showed the specificity of
induced transplant acceptance since third strain hearts were
again rejected acutely after 7.4+2.2 days. These results also
prove that the additional application of TAIC cannot gen-
erate any general immunosuppression which did not prevent
the acute rejection to the CAP hearts.

EXAMPLE 6

Investigation Regarding the Organ Specificity of
the Long-Term Acceptance Induced by TAIC

[0176] To exclude the possibility of TAIC being able to
provide a protective effect against the allogeneically specific
immune response directed by the recipient against the donor
antigen only for heart transplants, the following organs were
transplanted in the following experimental groups (n=6) in
the strongly rejecting DA->LEW rat inbred system:
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[0177] 1. DA (kidney)->LEW, untreated

[0178] 2.DA (kidney)->LEW; 10° DA-derived TAIC, i.v.,
day -7 and -1 before transplantation

[0179] 3. LEW (kidney)->LEW, untreated
[0180] 4. DA (liver)->LEW, untreated

[0181] 5. DA (liver)->LEW; 10° DA-derived TAIC, iv.,
day -7 and -1 before transplantation

[0182] 6. LEW (liver)->LEW; untreated
[0183] 7. DA (skin)->LEW; untreated

[0184] 8. DA (skin)->LEW; 10° DA-derived TAIC, iv.,
day -7 and -1 transplantation

[0185] 9. LEW (skin)->LEW;, untreated

[0186] As shown by the Kaplan-Meier plots illustrated in
FIG. 4A-C, 6 out of 6 kidney organs, 5 out of 6 liver organs
and 5 out of 6 skin grafts were accepted long term (>150
days) by LEW recipient rats. All syngeneic organ transplan-
tations served as controls of the technical execution without
complications and were accepted by the donor animal with-
out restriction (not shown in the survival curves). Conse-
quently, these test schemes also show that the intravenous
prior injection of 2x10° TAIC induces long-term organ
acceptance for more than 80% of the transplanted organs.

[0187] The kidney-, liver- and skin transplants listed
above which were transplanted with and without the prior
administration of TAIC were then examined histologically.
FIG. 4D shows that as a result of the intravenous injection,
given twice, of 10° TAIC per kg body weight on days -7 and
-1 before transplantation, the morphology of the trans-
planted kidney can be shown to be intact (compare control
kidney and syngeneic transplant LEW->LEW), whereas, in
the untreated allogeneic control group DA->LEW, a clear
infiltration of the transplant in the interstice can be recog-
nised (on postoperative day 14). The allogeneic liver trans-
plant (FIG. 4E), which had been fully rejected on POD 12
without TAIC pre-treatment (DA->LEW without TAIC),
behaves in an analogous manner whereas the prior admin-
istration of TAIC allows the parenchyma of liver transplants
to appear as being completely homogeneous and intact in
comparison with the syngeneic transplant. The allogeneic
skin transplant (DA) also heals without complication (com-
pare comparison with the syngeneic LEW transplant)
whereas the CAP third strain graft transplanted simulta-
neously was rejected acutely as early as on postoperative
day 12. This example proves the specificity of the tolerance
induced by TAIC since the pre-treatment of the LEW
recipient animal with DA-derived TAIC on days-7 and -1
leads to the acceptance of the DA transplant whereas the
CAP skin graft transplanted simultaneously on day O is
acutely rejected (FIG. 4F).

EXAMPLE 7A

Investigations regarding the Haplotype Specificity
of the Long-Term Organ Acceptance induced by
TAIC

[0188] In order to exclude the possibility of TAIC induc-
ing long-term organ acceptance only in the selected rat
inbred strain combination LEW->DA| the following further
inbred strain combinations were examined in the heterotopic
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heart transplant model (n=6). For this purpose, the inbred
strain BN[RT1."] (referred to as “BN” in connection with the
present invention) was also used, among others.

[0189] 1. DA->LEW, untreated

[0190] 2.DA->LEW;CSA, 5 mg’kgxBW, iv, day0, 1,2,
3 plus 10° DA-derived TAIC/kgxBW, iv., day 7 and 10
postoperative

[0191] 3. CAP->LEW, untreated

[0192] 4. CAP->LEW; CSA, 5 mg/kgxBW, i.v, day 0, 1,
2, 3 plus 10° CAP-derived TAIC/kgxBW, i.v., day 7 and
10

[0193] 5. BN->LEW; untreated

[0194] 6.BN->LEW; CSA, 5 mg/kgxBW, i.v, day 0, 1, 2,
3 plus 10° BN-derived TAIC/kgxBW, i.v., day 7 and 10

[0195] It had already been known from preliminary
experiments that in the so-called “high-responder” combi-
nation (DA->LEW), which is associated with the strongest
rejection response known in the rat inbred model, no long-
term acceptance can be achieved with the single postopera-
tive 1.v. administration of 10° TAIC. An attempt was there-
fore made to increase the presence of TAIC in the recipient
animal by administering it twice. As shown by the corre-
sponding survival curves illustrated in FIG. 5A, the admin-
istration of TAIC given twice on postoperative days 7 and 10
provided a long-term organ acceptance in 4 out of 6 cases in
group 2 and in 5 out of 6 cases in experimental groups 4. In
the BN->LEW strain combination, all transplanted organs
survived long-term without any indication of an acute rejec-
tion. In all cases in which the transplanted hearts had been
accepted long term (>150 days), a mixed chimerism could
be detected in the recipient animals during the first 20-45
days following the TAIC administration. An early organ
failure, however, was always accompanied by a lack of
donor cells in the peripheral blood of the recipient. From
these data, the conclusion can be drawn that the i.v. admin-
istration of TAIC leads to long-term organ acceptance only
if the cells induce a mixed donor chimerism which can be
detected for at least 21 days. This also confirms the experi-
mental results shown in FIG. 2D.

[01696] By means of the postoperative administration of
10 TAIC per kg body weight given to the recipient animals
intravenously on days 7 and 10, it was consequently possible
to induce long-term tolerance in all 3 inbred strain combi-
nations in more than 80% of cases, if, additionally, 4 cycles
of CSA were administered initially.

EXAMPLE 7B

Investigations Regarding the Significance of the
y-IFN Stimulation of M-CSF-Treated Monocytes
for In Vivo Tolerance Induction

[0197] In order to be able to characterise the efficiency of
the additional stimulation of M-CSF-treated blood mono-
cytes with y-interferon on the tolerance development in vivo
in further detail, the following test groups were examined in
the LEW-»DA rat inbred model for heterotopic heart trans-
plantation (n=6 animals per group):

[0198] 1. LEW->DA; 10%kgxBW LEW-derived blood
monocytes (uncultivated monocytes), 1.v., day -7 before
heart transplantation
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[0199] 2. LEW->DA; 10%kgxBW LEW-derived blood
monocytes (treated with M-CSF), 1.v., day -7 before heart
transplantation

[0200] 3. LEW->DA; 10%kgxBW LEW-derived blood
monocytes (stimulated with y-IFN), i.v., day -7 before
heart transplantation

[0201] 4. LEW->DA; 10%kgxBW LEW-derived blood
monocytes (treated with M-CSF plus stimulated with
v-IFN), i.v., day -7 before heart transplantation

[0202] As shown by the Kaplan-Meier survival curves of
FIG. 5B, the intravenous administration of fresh non-culti-
vated LEW-derived blood monocytes, 7 days before heart
transplantation, could not prevent the acute allogeneic trans-
plant rejection of the LEW hearts in the DA donor animal.
The transplants of this experimental group were rejected on
average (xSD) after 7.820.8 days. The prior administration
of monocytes cultivated over 6 days with M-CSF, however,
resulted in a significant extension of the organ survival time
since, in this experimental group, a rejection was observed
on average only after 35.0+51.5 days. The sole stimulation
of fresh blood monocytes with y-IFN over 48 hours in RPMI
medium containing no M-CSF could not prevent the acute
rejection of the heart transplants which ceased to beat on
average after 7.8x1.2 days. Only the M-CSF treatment of
fresh blood monocytes over 6 days and the additional
stimulation of these cells with y-IFN over 48 hours (on day
5 and 6) led to long-term organ tolerance (>150 days) in 4
out of 6 transplants. The results show the decisive impor-
tance of the additional stimulation of the M-CSF treated
monocytes with y-IFN for the generation of in vivo toler-
ance.

EXAMPLE 8

Investigations Regarding the Species Specificity of
Long-Term Organ Acceptance Induced by TAIC

[0203] In order to exclude the possibility of TAIC effec-
tively inducing a long-term organ acceptance only in the
selected animal species of rat, cells of monocytic origin were
isolated from the donor pig in a manner analogous to the
method detailed in Example 2, whereby the stimulation with
v-IFN was effected by adding 1000 U/10 ml to the nutrient
medium over 24 hours. Subsequently, the investigation for
the effectiveness of TAIC to suppress the acute rejection was
carried out in the model of the left side lung transplantation
on “SLA-mismatched minipigs” which have a potency to
reject their organs comparable to that of man. In this case,
the left lung of a donor pig is removed and transplanted
orthotopically into a genetically different recipient pig
(namely into the left thoracic cavity following the removal
of the left lung from the recipient pig). At the time of the
lung removal, 500 ml of donor blood was removed simul-
taneously which served to prepare the TAIC from the
monocytes of this pig.

[0204] The donor animals all had a weight of 30-35 kg.

[0205] The following experimental groups were estab-

lished in the pig (n=4):

[0206] 1. CSA, 5 g/day, 50 mg azathioprin/day, 25 mg
methyl prednisolone/day, for a total of 28 days

[0207] 2.Asin group 1, plus 10® hone marrow cells (BM)
of the donor pig/kgxBW recipient pig plus 4.5 Gy whole
body irradiation (WBI) of the recipient pig
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[0208] 3. As in group 1, plus 10° TAIC derived from the
donor pig/lkgxBW on postoperative days 7 and 10 fol-
lowing lung transplantation

[0209] As shown in FIG. 6A, the rejection of the lung
transplants in group 1 took place on average 50.3£9.9 days
following the termination of immunosuppression. The ani-
mals in group 2, on the other hand, rejected their organs after
102.3+81.0 days. Triple immunosuppression in combination
with TAIC treatment repeated twice prolongs the organ
survival to 292£135.5 days, 3 out of 4 animals exhibiting a
long-term organ acceptance (>350 days) of their organs. In
all cases of group 3, a mixed donor chimerism could be
observed in the recipient blood for >21 days, whereas
animals of group 1 and 2 exhibited only a short-term mixed
chimerism for 6-8 days. FIG. 6B shows the lung transplants
of a pig of experimental group 1 (POD 41) and a pig treated
with TAIC from experimental group 3 (55 days after trans-
plantation; B). Whereas, in a projection with respect to the
left thorax wall around the heart silhouette, a visible reduc-
tion in transparency (shading) can be seen as an indication
of the rejected lung transplantation in the pig of experimen-
tal group 1, the thorax x-ray picture of the animal treated
with TAIC shows an x-ray unobtrusive lung and transplant
finding respectively, with a good delimitation with respect to
the heart silhouette.

EXAMPLE 9

Binding of the Antibody GM-7 to TAIC

[0210] The monoclonal antibody GM-7 was generated by
immunising mice with human TAIC which had been pre-
pared as described in Example 2. The hybridoma cells
producing the antibody were deposited at the “Deutsche
Sammlung fiir Mikroorganismen” under the accession no.
DSM ACC2542. The results reported below demonstrate
that the antibody binds specifically to an antigen which is
expressed only on CD14" cells which had been subjected to
the 6 day ex situ modification with M-CSF and 2 day y-IFN
stimulation according to the invention.

[0211] FIG. 1 shows the binding capacity, determined by
flow cytometry, of GM-7 to monocytic cells after in vitro
modification, i.e. after transformation into TAIC. It can be
seen that the CD14-positive monocytes obtained directly
from buffy-coat do not bind the antibody GM-7 (the grey
shaded cloud corresponds to the antibody control). In con-
trast, part of the monocytes express an antigen after culti-
vation in M-CSF and stimulation with y-IFN, which antigen
is recognised by the monoclonal antibody GM-7. After
cultivation as described in Example 2, about 80% of the
transformed monocytes are able to bind the monoclonal
antibody GM-7.

[0212] 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. “Cel-
lular Assays” in: Diagnostic Immunopathology, [Colvin R.
B., Bhan A. K., McCluskey, R. U. (ed.), Raven Press, New
York, pages 751-771 (1994)].

[0213] Inthis example, the TAIC stem from an individual
B. As shown in FIG. 7, a significant difference exist between
the suppressor activity of the GM-7 positive and GM-7
negative TAIC. Only the GM-7 positive fraction the TAIC
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population obtained after 6 days treatment with M-CSF and
2 days stimulation with y-IFN exhibits a significant inhibi-
tion effect on the T-cell proliferation activity of responder
cells of the individual A afier stimulation with cells of B.

[0214] These data indicate that, for clinical purposes, a
cell population with optimised suppressor function can be
isolated from the TAIC population obtained after cultivation
of original monocytes with M-CSF and y-IFN-stimulation
through the availability of the monoclonal antibody GM-7.

EXAMPLE 10

Determination of the Influence of the IDO Inhibitor
1-methyltryptophane on the Immunosuppressing
Activity of the TAIC

[0215] In order to clarify, whether the inhibitor of the
enzyme indolamine-2,3-dioxygenase (IDO) 1-methyltryp-
tophane (1-MT) influences the suppressor function of the
TAIC generated in the “Mo” and “Mo+Ly” set ups (see
Example 11), 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.

[0216] In these mixed lymphocyte cultures 50.000 lym-
phocytes with 2 pg PRA 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”).

[0217] 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 + PHA-stimulated lymphocytes and TAIC [10°

“Mo + Ly” cells from the set up “Mo + Ly” according
to Example 11].

Phaly + PHA-stimulated lymphocytes and TAIC in

“Mo + Ly” + 1-MT the presence of 2 pmol 1-MT [10 cells
from the set up “Mo + Ly” according

to Example 11].

Phaly + “Mo” PHA-stimulated lymphocytes and TAIC [10%
cells from the set up “Mo” according
to Example 11].
Phaly + PHA-stimulated lymphocytes and TAIC in
“Mo” + 1-MT the presence of 2 pmol 1-MT [10° cells

from the set up “Mo” according to
Example 11].

[0218] After 144 hours cultivation, all controls or co-
cultures were further cultivated for 24 hours in the presence
of [H]-thymidine (“pulsed”) and thereafter the amount of
radioactively labeled thymidine incorporated was deter-
mined as counts per minute (cpm), see FIG. 8. 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 FIG. 8
correspond to mean values from triple determinations of 3
experiments each with indication of the standard deviation.

[0219] The results demonstrated that lymphocytes not
stimulated with PHA (“Ly”) do not significantly proliferate,
the mean radioactivity observed being 367 cpm (see FIG.
8). In contrast, the stimulation with 2 ug PHA leads to a
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significant increase in the proliferation rate of the lympho-
cytes (“Phally”), the highest incorporation being measured
at a mean value of 18459 cpm in these samples.

[0220] The addition of TAIC to the lymphocyte cultures
clearly decreased the proliferation rate strongly if cells from
the set up “Mo+Ly” from Example 11 were added (Phaly+
“Mo+Ly”, determined value 1498 cpm), and less strongly
when cells from the set up “Mo” from Example 11 were
added (Phaly+“Mo”, measured value 3369 cpm).

[0221] The results obtained after addition of 2 pmol 1-me-
thyltryptophane (1-MT) to the set ups containing “Mo+Ly”
and “Mo” with stimulated lymphocytes demonstrated that
1-methyltryptophane (1-MT) increases the suppressor func-
tion of the TAIC synergistically, whereby the decrease was
stronger with the TAIC from the set up “Mo+Ly” (measured
value 267 cpm) than with the TAIC from the set up “Mo”
(measured value 390 cpm).

EXAMPLE 11

Influence of Lymphocytes on the Formation of
CD3*/CD14*-Cells During Monocyte Cultivation

[0222] The influence of lymphocytes present in the mono-
cyte fraction on the generation of CD14*/CD3*-cells effec-
tive as TAIC was determined by comparison of two different
set ups.

[0223] For the first set up (subsequently indicated as
“Mo”) 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 trans-
ferred to the cultivation 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 ml 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-lym-
phocytes and granulocytes.

[0224] The cells in the second set up (subsequently indi-
cated as “Mo+Ly”) were also taken from the interphase of
the “buffy-coat” as monocyte fraction as described in
Example 1. However, different 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 described in Example 2. As a result,
a cell population was obtained, which was composed of
45+5.3% CD14"-monocytes and 23.5£8.9% CD2*-lympho-
cytes. As in set up “Mo” lymphocytes and granulocytes were
also present in this set up.

[0225] 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 FIG. 9). The results are reported as mean values
including the standard deviation.

[0226] 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 experiment was terminated and the cells were
characterised by FACS-analysis after detaching the cells
from the bottom of the tissue culture flask as described in
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Example 2. It was found that the relative amount of CD14™-
cells decreases in these set ups, from 92% to 42% in set up
“Mo” and from 45% to 28% in set up “Mo+Ly”. Seemingly,
the lymphocytes proliferate quicker than the monocytes; the
relative amount of lymphocytes increased 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 CD14*/CD3"-
cells is observed in the set up “Mo+Ly” with an amount of
32.0+5.3% as opposed to set up “Mo” with only 7.2+3.2%.

[0227] 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 sup-
pressive CD14%/CD3*-cells in the TAIC population, while
the method described in Examples 1 and 2 leads to a
significantly higher yield of CD14*/CD3*-cells.

EXAMPLE 12

In Vitro Co-Cultivation of Human TAIC with
Allogeneic Lymphocytes for Generating Regulatory
T-Cells

[0228] To examine whether TAIC induce the formation of
regulatory T-cells, ie. 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.

[0229] 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 membrane (“cell culture insert”, 0.4 pm 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 37° C. and in a 5% CO, atmo-
sphere.

[0230] After culturing, the respective numbers of regula-
tory T-cells (CD4*/CD25) were determined in both set ups
as well as in the controls, wherein TAIC or lymphocytes
respectively were cultivated 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.

[0231] In all set ups, the surface antigens of the cells were
determined per FACS analysis and the amount of the respec-
tive cell populations in the total amount of the cells was
analysed.

[0232] Further, the relative expression of three new master
genes specifically expressed by regulatory T-cells (Foxp3,
CTLA-4 and Integtin of,) was determined by PCR in the
respective cell population (see Table). Foxp3 is a specific
transcription factor, which is viewed as a control gene for the
development of regulatory T-cells, and which is specifically
expressed by these cells [see Hori, S. et al., “Control of
Regulatory T-cell Development by the Transcription Factor
Foxp3”, Science 299, 1057-1061 (2003)].
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[0233] 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 publication, doi:10.1038/ni909 (2003);
Shimizu, 1. 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)].

[0234] Integrin agf, is an integrin, which binds to epithe-
lial Catherine 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 azf
identifies unique subsets of CD25" as well as CD25~ regu-
latory T cells” PNAS 99(20), 13031-13036 (2002)].

[0235] The determination of Foxp3-, CTLA-4- and inte-
grin ogf,-expession was carried out by means of quantita-
tive PCR using GAPDH and f-actin, two “housekeeping
genes”, as controls; the values determined were, on the one
hand, placed in relationship 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 pug per pg 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. Standard methods were used for the
quantitative PCR, which are known to the skilled person (see
Lottspeich, F., Zorbas, H. “Bioanalytik”, Spektrum Akade-
mischer Verlag GmbH, Heidelberg-Berlin, 1998).

[0236] The Table shows that within the population of
lymphocytes obtained from the direct co-culture, the per-
centage of double positive cells CD4*/CD25* increases
manifold to a value of 8.7% in comparison to the amount of
CD4*/CD25* lymphocytes obtained from the indirect co-
culture or control, which is nearly identical with 2.38% and
2.65% respectively.

[0237] The sub-population of CD4*/CD25* cells
expresses the highest relative amounts of mRNA from all
tested mastergenes as compared 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 maximum expression
(4699 versus 0.376). The increase of expression of the third
mastergene integrin o.5f, in the CD4*/CD25™ cells during
co-culturing is nearly as high as for CTLA-4 since the
absolute amount of integrin o, mRNA is raised to 1.4x
107 in CD4*/CD25* cells as compared to 3.4x107"* g
mRNA/ug total RNA in CD4*/CD25" cells.

[0238] After indirect co-culture, the relative amount of
Foxp3-mRNA in the CD4*/CD25* sub-population amounts
to only 10 and is nearly as low as the relative amount
expressed by the lymphocytes of the control, which
expresses a relative amount of Foxp3-mRNA of 15.

[0239] The relative amount of CTLA-4-mRNA expressed
by the lymphocytes of the control is as low as 0.375 in the
CD4*/CD25*-population and 0.1 in the CD4*/CD25~ popu-
lation.
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Determination of the amounts of specific cell populations 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 azf,) in these cell populations.

direct co- indirect co-
Control culture culture
TAIC lymphocytes lymphocytes lymphocytes

CD14%/CD3* CD14*/CD3~ CD4*/CD25* CD4*/CD25~ CD4*/CD25* CD4*/CD25~ CD4*/CD25" CD4*/CD25~

FACS 41 20 2.65 30.8
[% positive cells]

relative 50 1 15 1.5
Foxp3-expression

[PCR]

absolute 16x10%  32x107 48x10° 8x107Y
RNA-amount Foxp3

relative 12500 1 0.375 0.1
CTLA4-expression

[PCR]

absolute 6.5%x 1078 52x 1071 1.9x 10710 52 % 10710
RNA-amount CTLA4

absolute 34% 107 not 14x 107 34x1077
RNA-amount Integrin detectable

agps

8.7 49 2.38 27.6
37 3.76 10 1.5
12x10%  12x10°  32x107° 48x107'°
4699 0.376
24%x10°%  19x 1071

[0240] The expression of CTLA-4 in the CD14*/CD3*
sub-population of the TAIC cells was similar to the expres-
sion 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 CDI14%/CD3*-sub-population than the
Foxp3-expression, which exhibited a relative value of 50.

[0241] No expression of the integrin o.zf, 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 pg RNA per ug total RNA, reached the highest value
(3.4x10° ug/ug total RNA).

[0242] The significantly increased expression of the three
lymphocyte markers Foxp3, CTLA-4 and integrin ogf, on
the TAIC derived from monocytes as compared to normal
lymphocytes is totally unexpected and has to date never
been observed on monocytes or on cells derived from
monocytes.

[0243] Inconclusion, 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
agf,-expression correlates with the immunoregulatory
properties of the respective cells, it was demonstrated here,
that the suppressor activity of the CD3*/CD14" sub-popu-
lation 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.

[0244] 1t 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 indi-
rect 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 results are in conformity with the known

immunoregulatory function of CD4*/CD25* lymphocytes
and with the fact, that the contents of Foxp3-, CTLA-4-, and
integrin af,-mRNA in these cells are significantly higher
than in indirect co-cultivated lymphocytes or in control
lymphocytes.

EXAMPLE 13

In Vivo Induction of Transplant Tolerance by
Lymphocytes Co-Cultured with TAIC In Vitro

[0245] The results and conclusions presented in Example
12 were confirmed in vivo in an animal experiment. Differ-
ent from the procedure described in Examples 3, 4, 5, 6 and
7, the animals in the selected LEW->DA Inbred combina-
tions were not injected with LEW-derived TAIC for induc-
tion of tolerance, but DA-lymphocytes from the recipient
which, over a period of 5 days, were previously directly
co-cultivated (LEW)-derived TAIC from the donor, or which
were cultivated alone in medium as controls, were injected
to the animals in this example.

[0246] Animals, which received autologous co-cultivated
DA-lymphocytes prior to an allogeneic heart transplanta-
tion, developed donor specific tolerance, whereas control
animals, which received naive non-cocultivated control DA-
lymphocytes, acutely rejected the transplanted heart within
10 to 14 days.

[0247] These results indicate that the physical cell to cell
interaction 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.

1-28. (canceled)
29. A method of preparing a transplant acceptance-induc-
ing cell of monocytic origin, said method comprising:

a) isolating a population of cells from blood, wherein said
population comprises a monocyte cell;
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b) culturing said population of cells in a suitable culture
medium containing M-CSF;

¢) cultivating said population of cells simultaneously with
or subsequent to step b) in a suitable culture medium
containing y-IFN; and

d) obtaining a transplant acceptance-inducing cell formed
after cultivating with y-IFN.
30. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29
further comprising:

e) separating said transplant acceptance-inducing cell

from the culture medium.

31. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
wherein said monocyte cell is of human origin.

32. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
wherein lymphocyte cells comprise at least 10% of the total
said population of cells isolated in step a).

33. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
wherein after cultivating said population of cells with y-IFN,
said method further comprises:

¢) binding said transplant acceptance-inducing cell to a
monoclonal antibody generated by hybridoma cell line,
GM-7, deposited under DSM Accession No. ACC2542.

34. The method of preparing a transplant acceptance-

inducing cell of monocytic origin according to claim 29,
wherein after cultivating said population of cells with y-IFN,
said method further comprises:

e) selecting a transplant acceptance-inducing cell capable
of co-expressing antigens CD3 and CD14 on the cell
surface of said transplant acceptance-inducing cells.

35. The method of preparing a transplant acceptance-

inducing cell of monocytic origin according to claim 33,
further comprising:

f) selecting a transplant acceptance-inducing cell capable
of co-expressing antigens CD3 and CD14 on the cell
surface of said transplant acceptance-inducing cells.

36. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
wherein said suitable culture medium containing M-CSF
contains said M-CSF at a concentration of 1 to 20 pg/L.

37. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
wherein said cultivating of said population of cells in said
suitable culture medium containing y-IFN is initiated 3 to 6
days after the initiation of step b) and said cultivation occurs
for 24 to 72 hours.

38. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 37,
wherein said suitable culture medium containing y-IFN
contains y-IFN at a concentration of 0.1 to 20 ng/ml.

39. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
wherein the total span of time for steps b) and ¢) is 4 to 8
days.

40. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
further comprising:
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e) suspending said transplant acceptance-inducing cell in
a solution selected from the group consisting of a
suitable cell culture medium solution, a phosphate
buffered saline (PBS) solution, and a sodium chloride
solution.
41. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 35,
further comprising:

) suspending said transplant acceptance-inducing cell in
a solution selected from the group consisting of a
suitable cell culture medium solution, a phosphate
buffered saline (PBS) solution, and a sodium chloride
solution.
42. The method of preparing a transplant acceptance-
inducing cell of monocytic origin according to claim 29,
further comprising:

e) suspending said transplant acceptance-inducing cells in
a freezing medium and subsequently deep-freezing said
transplant acceptance-inducing cells.

43. The method of preparing transplant acceptance-induc-
ing cells of monocytic origin according to claim 42, wherein
said freezing medium is fetal calf serum (FCS) or human AB
serum and dimethylsulphoxide (DMSQO).

44. A transplant acceptance-inducing cell of monocytic
origin obtained according to the method of claim 29,
wherein said transplant acceptance-inducing cell is capable
of co-expressing both antigens CD3 and CD14 on the cell
surface of said transplant acceptance-inducing cell.

45. The transplant acceptance-inducing cell of monocytic
origin according to claim 44, wherein said transplant accep-
tance-inducing cell is of human origin.

46. A cell preparation comprising a transplant acceptance-
inducing cell according to claim 45 in a suitable culture
medium.

47. A cell preparation comprising a transplant acceptance-
inducing cell according to claim 44 in a suitable culture
medium.

48. A pharmaceutical composition comprising a transplant
acceptance-inducing cell of monocytic origin and a phar-
maceutically acceptable excipient.

49. A pharmaceutical composition comprising a transplant
acceptance-inducing cell according to claim 44 and a phar-
maceutically acceptable excipient.

50. A pharmaceutical composition comprising a cell
preparation according to claim 47 and a pharmaceutically
acceptable excipient.

51. A method for the suppression of transplant rejection
reactions in a subject in need thereof comprising adminis-
tering a transplant acceptance-inducing cell according to
claim 44 to a subject in need thereof.

52. A method for the suppression of transplant rejection
reactions in a subject in need thereof comprising adminis-
tering a cell preparation according to claim 47 to a subject
in need thereof.

53. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte in vitro com-
prising providing a transplant acceptance-inducing cell
according to claim 44 to an in vitro system.

54. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte in vitro com-
prising providing a transplant acceptance-inducing cell
according to claim 45 to an in vitro system.
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55. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte in vitro com-
prising providing a cell preparation according to claim 47 to
an in vitro system.

56. A method for generating, propagating, or generating
and propagating a regulatory T-lymphoeyte in vitro accord-
ing to claim 53, wherein said regulatory T-lymphocyte is
capable of co-expressing both antigens CD4 and CD25 on
the cell surface of said regulatory T-lymphocyte.

57. A method for generating, propagating, or generating
and propagating a regulatory T-lymphoeyte 1n vitro accord-
ing 1o claim 55, wherein said regulatory T-lymphocyte is
capable of expressing an antigen selected from at least one
member of the group consisting of CD4 and CD25 on the
cell surface of said regulatory T-lymphocyte.

58. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte in vitro accord-
ing to claim 55, wherein said regulatory T-lymphocyte is
capable of co-expressing both antigens CD4 and CD25 on
the cell surface of said regulatory T-lymphocyte.

59. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte comprising co-
culturing a T-lymphocyte preparation and a transplant accep-
tance-inducing cell according to claim 44.

60. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte comprising co-
culturing a T-lymphocyte preparation and a cell preparation
according to claim 47.

61. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte according to the
method of claim 56, wherein said regulatory T-lymphocyte
is obtained from a culture medium.

62. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte according to the
method of claim 58, wherein said regulatory T-lymphocyte
is obtained from a culture medium.

63. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte according to the
method of claim 59, wherein said regulatory T-lymphocyte
is capable of co-expressing both antigens CD4 and CD25 on
the cell surface of said regulatory T-lymphocyte.
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64. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte according to
according to claim 60, wherein said regulatory T-lympho-
cyte is capable of co-expressing both antigens CD4 and
CD25 on the cell surface of said regulatory T-lymphocyte.

65. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte according to
claim 63, wherein said regulatory T-lymphocyte is obtained
from a suitable culture medium for fluorescence activated
cell sorting (FACS).

66. A method for generating, propagating, or generating
and propagating a regulatory T-lymphocyte according to
claim 64, wherein said regulatory T-lymphocyte is obtained
from a suitable culture medium for fluorescence activated
cell sorting (FACS).

67. A regulatory T-lymphocyte generated, propagated, or
generated and propagated according to the method of claim
56, wherein said regulatory T-lymphocyte is capable of
preventing transplant rejection in the recipient.

68. A regulatory T-lymphocyte generated, propagated, or
generated and propagated according to the method of claim
58, wherein said regulatory T-lymphocyte is capable of
preventing transplant rejection in the recipient.

69. A regulatory T-lymphocyte generated, propagated, or
generated and propagated according to the method of claim
63, wherein said regulatory T-lymphocyte is capable of
preventing transplant rejection in the recipient.

70. A regulatory T-lymphocyte generated, propagated, or
generated and propagated according to the method of claim
64, wherein said regulatory T-lymphocyte is capable of
preventing transplant rejection in the recipient.

71. A hybridoma cell line, GM-7, deposited under DSM
Accession No. ACC2542.

72. A monoclonal antibody generated by a hybridoma cell
line, GM-7, deposited under DSM Accession No. ACC2542.

73. A method for detection, selection, or detection and
selection of a transplant acceptance-inducing cell compris-
ing providing a monoclonal antibody according to claim 71
to a sample.
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