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Description

[0001] The present invention relates to activated Pro-
tein C (aPC) for use in preventing Graft versus Host Dis-
ease (GVHD) associated with transplantation, wherein
the transplant is treated ex vivo with aPC prior to implant-
ing into the recipient.

[0002] Graft versus Host Disease is one of the major
complications associated with transplantation. The pres-
ence of immune cells of the donor in the transplant result
in an attack of the donor’s immune cells against cells of
the recipient after transplantation. The donor’s immune
cells recognize the recipient’s cells as antigenetically dif-
ferent. Effector cells in the development of GVHD are T
cells of the donor. While the acute form of GVHD is nor-
mally observed within the first 100 days after the trans-
plantation, the chronic form of GVHD usually occurs after
100 days after the transplantation. Both forms appear to
involve different immune cell subsets. At present there
is no effective therapy available against GVHD.

[0003] The serine protease protein C is a naturally oc-
curring anticoagulant. It plays a role in the regulation of
vascular hemostasis. In particular, it inactivates Factor
Va and Factor Vlila in the coagulation cascade. The sin-
gle polypeptide of protein C, which is primarily synthe-
sizedin the liver, is the subject of many post-translational
modifications which result in a circulating zymogen with
two chains. The activation of protein Cto activated protein
C (aPC) is carried out by thrombin in the presence of
calcium ion and results in a removal of a dodecapeptide
at the N-terminus of the heavy chain of protein C.
[0004] Thus, the problemunderlyingthe presentinven-
tion is to provide new means for an effective treatment
of Graft versus Host Disease.

[0005] The solution to the above technical problem is
achieved by the embodiments characterized in the
claims.

[0006] In particular, the present inventionrelates to ac-
tivated Protein C (aPC) for use in preventing Graft versus
Host Disease (GVHD) associated with transplantation,
wherein the transplant is treated ex vivo with aPC prior
to implanting into the recipient.

[0007] Accordingtothe presentinvention, the term"ac-
tivated Protein C (aPC)" does not underlie a specific re-
striction and may include any aPC, aPC complex or
polypeptide, including recombinant aPC, aPC complex-
es and polypeptides either isolated from a natural source
or obtained via recombinant DNA technology, or a bio-
logically active derivative thereof.

[0008] As used herein, the term "biologically active de-
rivative” includes any derivative of aPC, aPC complex or
polypeptide having substantially the same functional
and/or biological properties of aPC such as binding prop-
erties, and/or the same structural basis, such as a pep-
tidic backbone. The polypeptide sequences of the func-
tionally active derivatives may contain deletions, addi-
tions and/or substitution of amino acids whose absence,
presence and/or substitution, respectively, do not have
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any substantial negative impact on the activity of the
polypeptide, e.g. amino acids which are located in a part
of the polypeptide sequence that does not contribute to
the biological activity of aPC. Minor deletions, additions
and/or substitutions of amino acids of the respective
polypeptide sequences which are not altering the biolog-
ical activity of said polypeptide are also included in the
present application as biologically active derivatives.
[0009] An aPC obtained from a natural source may be
any aPC isolated from a blood product derived from a
mammal. In a preferred embodiment of the present ap-
plication, the mammal is selected from the group con-
sisting of mouse, human, rat, cat, dog, and monkey.
[0010] The aPC may be derived from any mammal. In
a preferred embodiment, the aPC is derived from a mam-
mal is selected from the group consisting of mouse, hu-
man, rat, cat, dog, and monkey. According to the present
invention, the aPC may be derived fromthe same species
as the donor and/or the recipient or from a different spe-
cies as the donor and/or the recipient.

[0011] TheaPCaccordingto the presentinvention may
be produced by any method known in the art. This may
include any method known in the art for the production
of recombinant DNA by genetic engineering, e.g. via re-
verse transcription of RNA and/or amplification of DNA.
This includes methods which comprise the recombinant
production of aPC.

[0012] The recombinant aPC used according to the
present invention may be produced by any method
known in the art. This may include any method known in
the art for (i) the production of recombinant DNA by ge-
netic engineering, e.g. via reverse transcription of RNA
and/or amplification of DNA, (ii) the introduction of re-
combinant DNA into prokaryotic or eukaryotic cells by
transfection, e.g. via electroporation or microinjection,
(iii) the cultivation of said transformed cells, e.g. in a con-
tinuous or batchwise manner, (iv) the expression of aPC,
e.g. constitutive or upon induction, and (v) the isolation
of aPC, e.g. from the culture medium or by harvesting
the transformed cells, in order to (vi) obtain purified re-
combinant aPC, e.g. via anion exchange chromatogra-
phy or affinity chromatography.

[0013] For example, the recombinant DNA coding for
aPC, e.g. a plasmid, may also contain a DNA sequence
encoding a selectable marker for selecting the cells which
have been successfully transfected with the plasmid. In
an example of the present invention, the plasmid may
also confer resistance to a selectable marker, e.g. to the
antibiotic drug G418, by delivering a resistance gene,
e.g. the neo resistance gene conferring resistance to
G418.

[0014] The production of aPC may include any method
known in the art for the introduction of recombinant DNA
into cells, which might be mammalian cells, bacterial cells
or insect cells, by transfection, e.g. via electroporation or
microinjection. For example, the recombinant expression
of aPC can be achieved by introducing an expression
plasmid containing aPC encoding DNA sequence under
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the control of one or more regulating sequences such as
a strong promoter, into a suitable host cell line by an
appropriate transfection method resulting in cells having
the introduced sequences stably integrated into the ge-
nome. The calcium-phosphate co-precipitation method
is an example of a transfection method which may be
used according to the present invention.

[0015] The production of aPC may also include any
method known in the art for the cultivation of said trans-
formed cells, e.g. in a continuous or batchwise manner,
and the expression of aPC e.g. constitutive or upon in-
duction. In one specific example of the present invention
the nucleic acid coding for aPC contained in the host
organism of the present invention is expressed via an
expression mode selected from the group consisting of
induced, transient, and permanent expression. Any ex-
pression system known in the art or commercially avail-
able can be employed for the expression of a recom-
binant nucleic acid encoding aPC, including the use of
regulatory systems such as suitable, e.g. controllable,
promoters, enhancers etc.

[0016] The production of aPC may also include any
method known inthe art for the isolation of aPC, e.g. from
the culture medium or by harvesting the transformed
cells. For example, aPC-producing cells can be identified
by isolating single-cell derived populations i.e. cell
clones, via dilution after transfection and optionally via
addition of a selective drug to the medium. After isolation
the identified cell clones may be cultivated until conflu-
ency in order to enable the measurement of aPC content
ofthe cell culture supernatant by enzyme-linked immune-
sorbent assay (ELISA) technique.

[0017] Additionally, the production of aPC may include
any method known in the art for the purification of aPC,
€.g. via anion exchange chromatography or affinity chro-
matography. In one preferred embodiment aPC can be
purified from cell culture supernatants by semi-affinity
calcium-dependent anion exchange chromatography,
e.g. in an endotoxin-free system. The purified aPC may
be analyzed by methods known in the art for analyzing
recombinant aPC, e.g. the ELISA technique. In addition,
aPC integrity and activity may be assessed. It is within
the knowledge of a person skilled in the art to choose the
optimal parameters, such as buffer system, temperature
and pH for the respective detection system to be used.
[0018] Inone specificexample of the presentinvention,
aPC transfected into a cell according to the present in-
vention is expressed in a host cell type with the ability to
perform posttranslational modifications. The ability to
perform posttranslational modifications of aPC express-
ing host cell lines may be for example analyzed by mass-
spectrometric analysis.

[0019] The host cell type used for the recombinant pro-
duction of aPC may be any mammalian cell, preferably
with the ability to perform posttranslational modifications
of aPC. There is no particular limitation to the media,
reagents and conditions used for culturing the cells in the
cell culture used for the recombinant aPC production of
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including culturing the cells in a continuous or batchwise
manner. The desired aPC which has been expressed by
the cells of the and which, dependent on the transfec-
tion/vector-system used, is contained in the cells or se-
creted into the medium for culturing cells, can be isolat-
ed/recovered from the cell culture using methods known
in the art, as mentioned herein before.

[0020] Within the scope of the invention, the term
"cells" means a generic term and encompass the culti-
vation of individual cells, tissues, organs, insect cells,
avian cells, mammalian cells, primary cells, continuous
cell lines, stem cells and/or genetically engineered cells,
such as recombinant cells expressing a hetereologous
aPC.

[0021] According to the present invention, the treat-
ment of the transplant may include an incubation of the
transplant with a composition comprising an effective
amount of aPC. The composition comprising an effective
amount of aPC may further comprise a physiologically
acceptable carrier, diluent, salt, buffer, and/or excepient.
[0022] Inapreferred embodimentofthe presentinven-
tion, the aPC is purified after activation in a suitable buff-
er, preferably in a buffer containing only Tris-Hcl (pH-7.5)
and/or NaCl, most preferably in Tris-HCI (pH-7.5), 10mM
NaCl. The composition comprising the aPC after purifi-
cation may further comprise traces of thrombin from the
source from which the aPC has been isolated. For ex-
ample, in case the aPC has been isolated from human
beings the composition comprising the purified aPC may
further comprise traces of human thrombin. In a preferred
embodiment of the present invention, the purified aPC is
diluted for further use in PBS without calcium or magne-
sium.

[0023] Inanother preferred embodiment of the present
invention, the incubation of the transplant with a compo-
sition comprising an effective amount of aPC is carried
out in serum free cell culture medium which optionally
may contain further additives. Any serum free cell culture
medium which is commercially available is suitable for
this purpose. In a preferred embodiment of the present
invention serum free cell culture medium is AIM V medi-
um (Life Technology). The serum free cell culture medi-
um may contain any additive which does not prevent the
treatment of the transplant with activated aPC. In a pre-
ferred embodiment, the additive is selected from the
group consisting of L-glutamine, streptomycin sulfate,
gentamicin sulfate, and human serum albumin. Ina more
preferred embodiment, the serum free cell culture medi-
um contains L-glutamine, streptomycin sulfate at 50
pg/ml, and gentamicin sulfate at 10 pg/ml and human
serum albumin. More preferably the additives added to
the serum free cell culture medium consist of L-
glutamine, streptomycin sulfate at 50 pg/ml, and gen-
tamicin sulfate at 10 pg/ml and human serum albumin
without any further additive added.

[0024] The term "preventing” as used herein relates to
the prevention and/or eradication or amelioration of dis-
ease related symptoms and/or disease related disorders,
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of GVHD in a patient. The reduction of the above symp-
toms and disorders as well as the success of treatment
or prevention of GVHD in a patient by use of aPC can be
monitored using methods known in the art.

[0025] The prevention of GVHD can also be combined
with any therapy known in the art for the prevention of
GVHD. Accordingly, the present invention alsorelates to
aPC for use in prevention of GVHD in a medicament
which may also contain further active agents.

[0026] According to the present invention the terms
"recipient” and "donor" as used herein does not underlie
any specific limitation and includes all vertebrates.
[0027] Inapreferred embodimentofthe presentinven-
tion, the present invention relates to aPC for use in pre-
venting GVHD associated with transplantation, wherein
the recipient and the donor is a mammal. In a particularly
preferred embodiment, the recipient and the donor is se-
lected from the group consisting of human, mice, rats,
dogs, cats, chimpanzees, and pigs, most preferably the
recipient is human.

[0028] The donor and the recipient may be from the
same species or from different species. Accordingly, the
transplantation as defined herein may be an allogeneic
transplantation or a xenogeneic transplantation. This in-
cludes a transplantation, wherein the donor and the re-
cipient belong to the same species and the donor and/or
the recipient are genetically altered to express at least
one antigen derived from a different species and/or to
express at least one component of an immune response
derived from a different species. This also includes a
transplantation, wherein the donor and the recipient be-
long to different species and the donor is genetically al-
tered to express at least one antigen derived from the
recipient’s species and/or to express at least one com-
ponent of an immune response derived from the recipi-
ent's species. This also includes a transplantation,
wherein the donor and the recipient belong to different
species and therecipient is genetically altered to express
at least one antigen derived from the donor’s species
and/or to express at least one component of an immune
response derived from the donor’s species.

[0029] Inapreferred embodimentofthe presentinven-
tion, the immune system of the recipient is impaired. Im-
pairment of the immune system includes any reduction
in speed, extent, diversity, and/or intensity of the immune
response to an antigen. The impairment of the immune
system may be caused by intrinsic factors within the body
of the recipient or may be the caused by extrinsic factors
to suppress the immune response of the recipient, like
for example an immunosuppressive therapy. The impair-
ment of the immune system may have been present be-
fore, during and/or after the transplantation.

[0030] In a particularly preferred embodiment of the
present invention, the impairment of the immune system
of the recipient is caused by an immunosuppressive
treatment regiment, preferably radiation therapy and/or
chemo-therapy, toremove the host’'s immune system pri-
or to receiving the implant. In a more preferred embodi-
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ment of the present invention, the recipient's immune
system is essentially inactive prior to receiving the im-
plant.

[0031] Inanother preferred embodiment of the present
invention, the recipient is immunclogically disparate
and/or histo-incompatible with regard to the donor. In a
more preferred embodiment of the present invention, re-
cipient and donor are less well matched for immunolog-
ical markers than the ideal recipient and donor match,
like for example with regard to major or minor histocom-
patibility antigens.

[0032] Inapreferred embodimentofthe presentinven-
tion, the present invention relates to aPC for use in pre-
venting GVHD associated with transplantation, wherein
the treatment of the transplant is carried out for 5 to 180
minutes at 33 to 38 °C, more preferably for 55 to 65 min-
utes at 36.5t0 37.5°C, and most preferably for 60 minutes
at 37 °C.

[0033] The term "transplant" as used herein includes
any transplant without any limitation. In a preferred em-
bodiment of the present invention, the transplant is im-
mune-competent. Ina more preferred embodiment of the
present invention, the transplant contains prior to the
treatment with aPC viable and functional immune cells
derived from the donor, particularly preferred functionally
active T cells derived from the donor.

[0034] Inapreferred embodimentof the presentinven-
tion, the present invention relates to aPC for use in pre-
venting GVHD associated with transplantation, wherein
the transplantation is a transplantation of a transplant,
selected from the group consisting of an organ, a tissue,
and cells, as well as combinations thereof.

[0035] Inanother preferred embodiment of the present
invention, the present invention relates to aPC for use in
preventing GVHD associated with transplantation,
wherein the transplantationis a transplantation of atrans-
plant derived from bone marrow, liver, kidney, heart, skin,
pancreas, stomach, intestine, lung, cornea, limb, gonad,
bladder, stem cells, bone, blood vessels, and face.
[0036] In a particularly preferred embodiment of the
present invention, the present invention relates to aPC
for use in preventing GVHD associated with transplan-
tation, wherein the transplantation is a bone marrow
transplantation.

[0037] Further, the presentinventionrelates to a meth-
od of treatment and/or prevention of GVHD in a recipient
of a transplant as defined above comprising the step of
treating the transplant ex vivo with aPC as defined above
prior to implanting into the recipient.

[0038] Inview of the above, the present invention pro-
vides effective means for an effective prevention of
GVHD following transplantation.

[0039] The figures show:

Figure 1: Survival of mice having GVHD: Activated
human protein C protects mice against GVHD. Bone
marrow transplantation was conducted in wild-type
mice (wt) or mice expressing high levels of a human
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hyperactivatable PC variant (hPC mice), which re-
sults in high plasma levels of human activated pro-
tein C. The survival of hPC mice was significantly
better than that of wt mice.

Figure 2: Incubation of T cells (T) with antigen pre-
senting cells (AgPC) in the presence of activated
Protein C (aPC, group: T + AgPC + aPC) reduces
the T cell activation when measuring the prolifera-
tion. The same effect is obtained, when T cells are
pre-incubated with aPC (group: T(aPC) + AgPC).
However, preincubation of AQPC with aPC does not
have any effect (T + AgQPC (aPC)). As expected, the
T cells which were not stimulated (T) or the radiated
antigen presenting cells (AgPC) did not show en-
hanced proliferation.

Figure 3: Pre-incubation of cells ex vivo and before
transplantation is sufficient to avoid GVHD in mice
after bone marrow transplantation.

[0040] The present invention will now be further illus-
trated in the following examples without being limited
thereto.

Example

Example 1:

[0041] In-vivo transplantation (Fig. 1) included two
groups of mice (wild-type control and hPC mice). hPC
mice are a transgenic mouse line which constitutively
expresses high levels of human hyperactivatable PC, re-
sulting in high plasma levels of human aPC in these mice.
In both cases the recipient mice were irradiated with 9
Gy 4-5hr before transplantation. Both groups were trans-
planted with 2 million allogenic T cells and in parallel with
5 million allogenic bone marrow cells via tail vein injection
(the latter to restore the bone-marrow).

[0042] For in-vitro experiments (Fig, 2) co-culture of
human T-cells with human antigen-presenting cells (Ag-
PC)wasdonefor96hat37°C,5%CO,. T-cellsand AgPC
were obtained from two genetically distinct donors (e.g.
not twins). For "T+AgPC+aPC" conditions aPC (20nM)
was added every 12h during the co-culture. For "T(aPC-
20nM)" conditions pre-treatment of T cells was done with
20nM aPC for 1 hr at 37°C, 5%CO, and then pre-treated
cellswerewashed sterile PBS and co-cultured with AgPC
for 96h at 37°C, 5%CO,. For "T(aPC-20nM)" conditions
no aPC was added during the co-culture period. Prolif-
eration was measured after thymidine incorpcration for
16h in both the above conditions of co-culture.

[0043] In-vivo transplantation (Fig. 3) included two
groups of mice. In both cases the recipient mice were
irradiated with 11 Gy 4-5hr before transplantation. The
first group was transplanted with 1 million allogenic T
cells without aPC pre-treatment, while the second group
was transplanted with 1 million allogenic T cells pre-treat-
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ed with aPC (20 nM) for 1 hr at 37°C; 5% CO2 in a hu-
midified incubator. Pre-treated T cells were washed with
PBS andthen re-suspended in serum-free RPMI medium
(without any antibiotics) and transplanted via tail vein in-
jection. Both groups of mice were in parallel transplanted
with 5 million allogenic bone marrow cells without any
treatment (to restore the bone-marrow).

Claims

1. Activated Protein C (aPC) for use in preventing Graft
versus Host Disease (GVHD) associated with trans-
plantation, wherein the transplant is treated ex vivo
with aPC prior to implanting into the recipient.

2. Activated Protein C (aPC) for use according to claim
1, wherein the recipient is a mammal.

3. Activated Protein C (aPC) for use according to claim
2, wherein the recipient is selected from the group
consisting of human, mice, rats, dogs, cats, chim-
panzees, and pigs.

4. Activated Protein C (aPC) for use according to any
of the above claims, wherein the recipient is human.

5. Activated Protein C (aPC) for use according to any
of the above claims, wherein the treatment of the
transplant is carried out for 5 to 180 minutes at 33°C
to 38°C.

6. Activated Protein C (aPC) for use according to any
of the above claims, wherein the transplantation is
a transplantation of a transplant, selected from the
group consisting of an organ, a tissue, and cells, as
well as combinations thereof.

7. Activated Protein C (aPC) for use according to any
of the above claims, wherein the transplantation is
a transplantation of a transplant derived from bone
marrow, liver, kidney, heart, skin, pancreas, stom-
ach, intestine, lung, cornea, limb, gonad, bladder,
stem cells, bone, blood vessels, and face.

8. Activated Protein C (aPC) for use according to any
of the above claims, wherein the transplantation is
a bone marrow transplantation.

9. Activated Protein C (aPC) for use according to any
of the above claims, wherein the transplantation is
an allogeneic transplantation.

10. Activated Protein C (aPC) for use according to any
of claims 1 to 8, wherein the transplantation is a xe-

nogeneic transplantation.

11. Activated Protein C (aPC) for use according to any
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of the above claims, wherein the transplant contains
prior to the treatment with aPC functionally active T
cell derived from the donor.
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