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(7) ABSTRACT

A method for the determination of the state of the immune
system, e.g. the state of activity and activation, respectively,
of the immune system, using the determination of presence of
ablood or peripheral mononuclear cell or plasma marker. The
marker can be determined directly, e.g. by determination of
its titre using a specific antibody against the marker. or indi-
rectly, e.g. by the determination of the mRNA encoding the
marker. Further, the invention relates to the use of the protein
corresponding to the marker analysed in the analytical
method, as a medicament, especially for influencing, e.g. for
activating the immune system, more specifically for activat-
ing the cytotoxicity of NK cells as well as for activating the
cytotoxicity and the proliferation of T-cells.
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METHOD FOR DETERMINING IMMUNE
SYSTEM ACTIVITY AND MEDICAMENT
FOR INFLUENCING SAME

PRIORITY CLAIM AND REFERENCE TO
RELATED APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 from EP 10161687.8, which was filed on Apr. 30, 2010.

BACKGROUND

[0002] Generally, for diagnosis of the GvH disease, which
1s indicated e.g. by skin rashes, an organ biopsy is generally
used.

[0003] Paczesny et al. (Science Translational Medicine 2,
13ra2 (2010)) described the analysis of Flafin as a specific
biomarker in plasma for the graft versus host disease.

[0004] US 2005/042636 Al describes that abnormally pro-
liferating cells, i.e. tumour cells, overexpress the Sema5 gene
product and accordingly SEMAS antigens can be used to
generate an immune response against tumour cells, e.g.
SEMAS specific cytolytic responses and protective antibod-
ies against SEMAS as well as Sema5 antisense nucleic acids
to inhibit expression of Sema5. For SEMASA, cell membrane
localization was verified.

[0005] WO2005/104785 A2 describes a medicament for
the treatment of liver cancer containing as the active agent an
antibody directed against a membrane-associated peptide,
e.g. prostaglandin receptor membrane component 1, a mem-
brane-bound transporter (SLC2A2), or SEMASA, as these
peptides have been found to be up-regulated in tumour tissue
compared to healthy tissue.

[0006] Thestateofartuses SEMASA as a tumour marker or
as an anticancer target, respectively, but not for determining
the activity of the immune system.

[0007] Generally, it is known that tumours necessarily
evade being recognized by the immune system, i.e. tumours
are not recognized as such by the immune system, and there-
fore tumours naturally do not raise an immune response.

SUMMARY OF THE INVENTION

[0008] The invention provides a method for analysis of the
state of activation of the immune system of a patient compris-
ing determination of the concentration of Semaphorin 5A ina
sample of the patient. Preferably, the concentration of Sema-
phorin 5A is determined by detecting the mRNA encoding
Semaphorin 5A, or by detecting the reaction of an antibody
that is specific for Semaphorin 5A protein. A Kit of compo-
nents for use in a method of the invention includes a pair of
oligonucleotides specifically hybridising to a nucleotide
sequence containing at least a fraction of the nucleotide
sequence encoding Semaphorin 5SA. A medicament of the
invention for activating the immune system in a patient is
Semaphorin 5A protein in a pharmaceutically acceptable for-
mulation. A process for the production of a pharmaceutical
composition which is for use in the activation of the immune
system of a patient, excluding cancer patients, of the inven-
tion is by providing Semaphorin SA protein in a pharmaceu-
tically acceptable formulation.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention is described in greater detail below
with reference to the following figures:

[0010] FIG. 1 shows mRNA levels of Semaphorin 5A in
PBMCs in allogeneic hematopoietic stem cell transplant
recipients,

[0011] FIG. 2 shows mRNA levels of Semaphorin 3A in
hematopoietic stem cell therapy patients,

[0012] FIG. 3 shows a Western blot for Semaphorin SA
protein in patient sera,

[0013] FIG. 4 shows concentrations of Semaphorin SA pro-
tein in patients prior to and after hematopoietic stem cell
transplantation,

[0014] FIG. 5 shows concentrations of mRNA of Sema-
phorin 5A, normalized to f-actin mRNA levels, in healthy
humans and in patients after hematopoietic stem cell trans-
plantation,

[0015] FIG. 6 shows concentrations of Semaphorin 5A pro-
tein in healthy humans and in patients after kidney transplan-
tation,

[0016] FIG. 7shows concentrations of Semaphorin SA pro-
tein in patients diagnosed with rheumatoid arthritis and in
healthy humans,

[0017] FIG. 8 shows concentrations of Semaphorin 5A
mRNA in patients diagnosed with rheumatoid arthritis and in
healthy humans,

[0018] FIG. 9 shows the recombinant Semaphorin SA
detected by Western Blot after purification by affinity chro-
matography,

[0019] FIG. 10 shows the upregulation of the activation
marker NKp44 NK cells upon stinulation with Semaphorin
SA,

[0020] FIG. 11 shows the upregulation ofactivation marker
CD25 on NK cells upon stimulation with Semaphorin SA,
[0021] FIG. 12 shows the expression levels of NKG2A and
NKG2D receptors on NK cells upon stimulation with Sema-
phorin 5A,

[0022] FIG. 13 shows the upregulation of Granzyme B
mRNA in NK cells induced by Semaphorin 5A,

[0023] FIG. 14 shows the effect of Semaphorin 5A in
increasing the cytotoxic potential of NK cells against target
cells,

[0024] FIG. 15 shows the effect of Semaphorin SA on the
proliferation of CD8" T-cells, and

[0025] FIG. 16 shows the upregulation of Granzyme B in
CDB8™ T-cells by Semaphorin 5A.

[0026] In the figures, p<0.05 is indicated by *, and p<0.01
is indicated by **, which is both considered as statistically
significant in the Mann-Withney U-test applied in the statis-
tical analysis. In the figures, the same abbreviations denote
the same samples or experiments, respectively.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Theinvention provides an alternative diagnostic test
method that can reliably determine the state of the immune
system, e.g. a state of the immune response indicative of the
GvH disease, transplant rejection, including organ rejection,
and indicative for the HvG reaction (HvGD), or indicative of
an autoimmune disease. The invention also provides a com-
pound for use in the activation of the immune system.

[0028] The present invention relates to a diagnostic method
for the determination of the state of the immune system, e.g.
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the state of activity and activation, respectively, of the
immune system, especially of Natural Killer (NK)-cells and
of T-cells, using the determination of presence of a blood:
peripheral mononuclear cell or plasma marker. The marker
can be detected directly, e.g. by determination of its titre using
a specific antibody against the marker, or indirectly, e.g. by
the determination of the mRNA encoding the marker.

[0029] Further, the invention relates to the use of the protein
corresponding to the marker analysed in the analytical
method, as a medicament, especially for influencing, e.g. for
activating the immune system, more specifically for activat-
ing the cytotoxicity of NK cells as well as for activating the
cytotoxicity and the proliferation of T-cells.

[0030] The diagnostic method is especially suitable foruse
in the determination of the status of the immune system in
samples obtained from patients having received a transplant,
which especially is an allogeneic transplant of stem cells, e.g.
of bone marrow stem cells in order to determine the state of
the graft-versus-host (GvH) disease. Further, the diagnostic
method is suitable for determination of the status of the
immune system in a sample obtained from a patient having an
autoimmune disease, or for monitoring the state of activity of
the immune system in a sample obtained from a patient who
is receiving medication influencing the activity of the
immune system.

[0031] Inasecondaspect, the invention especially relates to
the activation of the immune system by making use of the
characteristics of the protein to activate the immune response,
e.g. in an immuno-compromised patient. Therein, the inven-
tion relates to the compound for use as a medicament or for
use in the manufacture of a medicament, especially for the
treatment of a low activity of the immune system.

[0032] An analytical or diagnostic method is provided, and
an analytical or diagnostic test kit suitable for performing a
method of the invention, which analyses the concentration of
Semaphorin 5A, either of Semaphorin SA (SEMASA) pro-
tein or peptide, e.g. by detecting the reaction of an antibody
having specificity for SEMASA in a human patient sample,
and/or of Semaphorin 5A-specific mRNA. In this first
embodiment of the invention, there is provided a method for
determining the state of activity of the immune system by
determining the concentration of Semaphorin 5A, either by
determining the concentration of Semaphorin SA protein,
and/or by the determining the concentration of Semaphorin
5A-specific mRNA, wherein the concentrations of Sema-
phorin 5A protein or mRNA preferably are determined in
relation to the concentration of Semaphorin SA protein or
mRNA determined in healthy humans, and/or in relation to
the concentration of a housekeeping gene product, i.e. pro-
tein, or mRNA thereof. Preferably, the concentration of
Semaphorin 5A in the patient sample, preferably also in a
sample of a healthy human, is determined in relation to a
constitutively expressed component of the sample, e.g. the
gene product of a house-keeping gene for normalization,
and/or the concentration of Semaphorin 5A in the patient
sample is determined in relation to the concentration of
Semaphorin 5A that is determined in at least one sample of at
least one healthy human. More preferably, the method further
comprises the step of correlating the concentration of Sema-
phorin 5A determined in the patient sample to the concentra-
tion of Semaphorin 5A determined in the sample of at least
one healthy human, and most preferably the method com-
prises the step of assigning an elevated concentration of con-
centration of Semaphorin 5A in the patient sample over the
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concentration of Semaphorin 5A in the sample of the at least
one healthy human to an activated state of the immune system
of the patient.

[0033] Inasecond embodiment, the present invention pro-
vides for Semaphorin 5A for use in the production of a phar-
maceutical composition, and Semaphorin SA for use as a
pharmaceutical active agent of a medicament in the treatment
of alack of immune activity, i.e. for increasing the activity of
the immune system, especially for increasing the proliferative
and cytotoxic activity of NK cells, and for increasing the
proliferation and the cytotoxic activity of T-cells, especially
CD8*-T-cells. In greater detail, Semaphorin 5A is provided
for use as a medicament, especially as an agent for stimulat-
ing and/or activating the immune system, which activation of
the immune system preferably coniprises or consists of acti-
vating NK cells, increasing the cytotoxicity of NK cells, and
increasing the proliferation of T-cells, especially CD8*-T-
cells. Preferably, Semaphorin 5A is for use as a medicament
in combination with IL-2 and/or IL-15. Accordingly, this
embodiment also relates to a medicament comprising Sema-
phorin SA which is adapted or prepared for the medical treat-
ment, especially for the activation of the immune system.
[0034] The patients from which the samples originate that
are tested for the titre of SEMASA, and the patients receiving
SEMASA as a medicament preferably are transplant patients
and patients having been diagnosed or being suspected of
having an autoimmune disease, and preferably excluding
tumour patients. Preferred transplant patients are recipients
of one of the group comprising or consisting of allogeneic
hematopoietic stem cells, solid organs or tissue, e.g. kidney,
liver, heart, lung, skin, Preferred autoimmune diseases are
comprised in the group containing or consisting of lupus
erythematodes and rheumatoid arthritis.

[0035] The embodiments of the invention are based on the
observation that the titre of Semaphorin 5A and of Sema-
phorin SA-mRNA is increased in patients being suspected of
GvH disease or having clinically manifest GvH disease by a
factor of about 20 in comparison to healthy patients. Further,
it has been observed that the immune system can be activated
by administration of Semaphorin 5A protein, as e.g. exem-
plified by the in vitro activation of the cytotoxic activity and
increased cytotoxic activity of NK cells by Semaphorin SA,
and as exemplified by the proliferation of CD8* T-cells upon
addition of the recombinantly produced Semaphorin SA pro-
tein to the cultivation medium. The activation of NK cells by
presence of SEMASA could also be shown by induction of
cytokine secretion upon stimulation of NK cells with
SemaSA in comparison to the cytokine secretion profile of
non-stimulation NK cells, e.g. induction of increased secre-
tion of IL-1f, IL-6, and IL-8. Furthermore, a significantly
increase in the secretion of IFN-y, IL-1p; IL-6, IL-8, TNF-c,
GM-CSF was measured when NK cells were incubated in the
presence of SEMASA in combination with IL-2 and IL-15 in
comparison to the cytokine levels detected in the presence of
this cytokine combination alone.

[0036] Itwas found that in patients having received a trans-
plant, e.g. an allogeneic kidney or allogeneic hematopoietic
stem cells suffering from acute transplant rejection or GvHD,
respectively, and in patients having an autoimmune disease,
e.g. having been diagnosed with rheumatoid arthritis, an
increased concentration of Semaphorin 5A, determined both
as protein and mRNA, correlates with the disease. In patients
who suffered both from chronic GvHD and from cancer, e.g.
thyroid or lung cancer, and who underwent anti-cancer
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therapy the correlation of the increase in the concentration of
SEMASA to the GvHD or autoimmune disease was found to
a smaller extent. Accordingly, the analytical method of the
invention preferably indicates the presence of an acute GVHD
or HvGD, and an acute phase of an autoimmune disease.
[0037] Semaphorin SA as the analyte of the method of
analysis is not necessarily bound to cells, but can also be
determined in cell-free samples, e.g. in blood serum. The
sample used in the analytical method can therefore be
selected from blood, including whole blood, blood cells, e.g.
PBMC, and preferably the sample is serum, i.e. the cell-free
component of blood.

[0038] For identifying a marker that is suitable for identi-
fying a status of activity of the immune system indicating
GvH disease, approximately 60 patients having received
hematopoietic stem cell therapy (HSCT) using allogeneic
stem cells were monitored for the GvH disease (GvHD), i.e.
the activation of the immune cells was monitored. In accor-
dance with standard practice, this was done by a biopsy,
because no validated diagnostic blood test is available that
can determine the graft versus host disease, i.e. an activation
of the immune system in response to antigen.

[0039] When searching for abiomarker that is indicative of
the activation of the immune system or occurring in the GvH
disease, it has been found that the level of Semaphorin SA
protein in peripheral blood is a reliable marker for the pres-
ence of an increased activity of the immune system, i.e. for the
immune response of the graft versus host disease in the trans-
plant patients.

[0040] Ithas been found thatlevels of Semaphorin 5A, e.g.
determined as Semaphorin SA mRNA, showing an increase
by a factor of at least 2, preferably by a factor of at least 4 to
5, preferably by a factor of at least 10, more preferably by a
factorofabout 15, and most preferably by a factor of about 20
or above in relation to an average concentration of Sema-
phorin 5A indicate an increased activity of the immune sys-
tem, which is e.g. indicative of GvH disease in hematopoietic
stem cell transplant recipients, or of an autoimmune disease.
Accordingly, the diagnostic method preferably includes the
step of normalizing the signal specifically detected for Sema-
phorin 5SA to a constitutively expressed gene product, and
determining the relation of the normalized signal for Sema-
phorin 5SA to the signal for Semaphorin SA which has been
determined and normalized in a sample obtained from a
healthy person. The resulting relation of the signal for Sema-
phorin 5A of the patient to the signal obtained in a healthy
person can be edited, e.g. for subsequent medical evaluation.
[0041] Generally, Semaphorin SA, or the mRNA encoding
Semaphorin 5A, can be analysed by the method in a sample
obtained from a patient, which sample is preferably a cell-
containing sample, e.g. blood, and specifically peripheral
blood mononuclear cells (PBMC).

[0042] Preferably, the concentrations of Semaphorin 5A
are standardized by relating them to the signal determined for
a constitutive sample component. For embodiments of the
method for analysis determining the concentration of Sema-
phorin 5A by RT-PCR, i.e. by reverse transcription of RNA
isolated from the sample to ¢cDNA. followed by specific
amplification of a fragment of the semaphorin 5A coding
sequence by PCR, the O-actin encoding sequence can be the
constitutive sample component, in relation to which the sig-
nal specific for Semaphorin SA is normalized.

[0043] As an alternative to determining the mRNA by
reverse transcription of RNA to produce ¢cDNA, followed by
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PCR on the basis of the cDNA using primers specific for the
semaphorin SA coding sequence, a specific antibody reaction
against Semaphorin 5A can be used. In this embodiment,
cell-free serum can be used for the analysis of Semaphorin
5A, especially for the determination of Semaphorin 5A pro-
tein, e.g. using an antibody having specificity to Semaphorin
5A protein in an ELISA. Polyclonal, preferably monoclonal
antibody that is specifically directed against Semaphorin SA
can be produced by standard methods, e.g. by immunizing an
experimental animal with Semaphorin SA and collecting
serum for polyclonal antibody, or using spleen cells from the
immunized animal for generation of hybridoma and selecting
a clone to produce a monoclonal antibody.

[0044] When analysing the activity of Semaphorin SA
(protein) on immune cells in in vitro assays, it has been found
that the addition of Semaphorin SA to the cultivation medium
increases the cytotoxic activity of NK cells, the cytotoxic
activity of CD8" T-cells, and the proliferation of CD8*
T-cells, also in the absence of target cells, e.g. of allogeneic
cells. Accordingly, in the second embodiment, the invention
provides Semaphorin 5A in a pharmaceutical composition or
as an ingredient in a medicament for use in the activation of
the immune system, especially for activating the cytotoxic
activity of NK cells, for activating the cytotoxic activity of
CD8* T-cells, and for the proliferation of CD8* T-cells. Pref-
erably, the use of Semaphorin 5A is in the treatment of an
insufficient immune system. The use of Semaphorin 5A as a
medicament for the treatment of a low activity of the immune
system, and Semaphorin 5A for use in the preparation of a
pharmaceutical composition for use in the treatment of a low
activity of the immune system, e.g. for increasing the activity
of the immune system, preferably in patients suffering from
congenital or acquired immune deficiencies, infectious dis-
eases Or cancer.

[0045] More preferably, the Semaphorin SA for use as a
medicament is a combination of Semaphorin 5A with IL-2
and/or with TIL-15 for use as a medicament, especially for
activating the immune system.

Example 1

Semaphorin 5A is Specifically Increased in GvHD
Patients and HvGD Patients

[0046] After written consent, as applicable, peripheral
blood mononuclear cell samples were isolated from 60
patients (30-60 years old) who underwent allogeneic hemato-
poietic stem cell therapy. Prior to this therapy, similar condi-
tioning regimens were applied. From these patients, 5 were
suspected of GvH disease, 6 patients presented clinical signs
of GvH disease at the time the analysis was made, or had been
diagnosed with GvH disease up to two months before, and a
further 6 patients had been diagnosed with clinical GvH dis-
ease at 6-2 months before the analysis was made. 43 of the
patients never developed GvH disease or were free of GvH
disease for more then 6 months. As a control, PBMCs from 10
healthy individuals was used.

[0047] Total RNA was isolated from PBMC samples, and
reverse transcription was performed on RNA to produce
complementary DNA (cDNA) using a high capacity cDNA
reverse transcription kit (Applied Biosystems, Foster City,
USA). For each reaction, 50 ng total RNA was used. Sema-
phorin SA and, in parallel reactions, Semaphorin 3A and
[-actin mRNA were determined using a two-step real time
PCR (TagMan Gene Expression Master Mix, Applied Bio-
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systems, Foster City, USA) using amplification primers and
FAM-labelled minor groove binding (MGB) Tagman probes.

[0048] For Semaphorin 5A, the primers corresponding to
SEQ ID NO 1 (5'-CAACGGCGGCCACTATG-3") and to
SEQIDNO 2 (5'-CCAGGCGGGCTTTGC-3"), using MGB-
probe of SEQ ID NO 3 (SFAM-CAACGATTCCGATA-
CACA 3"y were used, for Semaphorin 3A primers having SEQ
ID NO 4 (5"-TTCAGCAATGGAGCTTTCCA-3') and SEQ
ID NO 5 (5-CAACCCCAGCCGTTGAAC-3") with the
MGB-probe according to SEQID NO 6 (5'-FAM-AAGCAG-
CAACAACTATATA-3") were used, and for f-actin primers
according to SEQ ID NO 7 (5'-ATG ATG ATA TCG CCG
CGC-3") and SEQ ID NO 8 (5'-GCC TTG CAC ATG CCG
G-3"), and MGB-probe having SEQ ID NO 9 (§'-FAM-CGT
CGT CGA CAA CGG-3")wereused. For standardizing levels
of Semaphorin 5A and of Semaphorin 3A mRNAs, respec-
tively, the specific amount of -actin-mRNA of parallel ali-
quots was used. Thermal cycling in a Step One plus real-time
PCR system (Applied Biosystems) was 95° C. for 10 min,
followed by 40 cycles at 95° C. for 15 s and 60° C. for 1 min.
For analysis, the Step One software version 2.0 (Applied
BioSystems) and a quantification-comparative method were
used. Generally, patient data for Semaphorin 5A were nor-
malized to the Semaphorin 5A signals of the healthy control
group after normalizing each signal of Semaphorin SA to that
of p-actin.

[0049] The mRNA for human Semaphorin 5A is available
under accession number NM_003966.2 from GenBank
(SEQ ID NO 10). Preferably, the nucleotide sequence of
Semaphorin 5A corresponds to SEQ ID NO 10, and the
specific identification of Semaphorin 5SA uses a nucleotide
sequence according to SEQ ID NO 10, e.g. contained in a
sample and used in the above described RT-PCR. Further,
Semaphorin SA protein according to this invention is prefer-
ably encoded by nucleotide sequence according SEQ ID NO
10, more preferably from nt 779 to nt 3934, and most prefer-
ably, Semaphorin 5A protein according to this invention has
an amino acid sequence according to SEQ ID NO 11.

[0050] Ttwas found that in comparison to the group without
GvH disease (relative quantification (RQ):1.7x7.2), the
patients suspected of GvH disease (RQ: 23.7+0.33; p<0.001)
and patients with clinical diagnosis of GvH disease (RQ:
21.7+5.3; p<0.001) showed a significant increase of mRNA
levels specific for Semaphorin 5A. After hematopoietic stem
cell transplantation, no significant difference in the levels of
Semaphorin 5A mRNA was observed in the group of patients
after GvH disease (RQ: 1£1.7), when compared to the group
without GvH disease. Results are shown in FIG. 1, wherein
mRNA levels of Semaphorin 5A are normalized to f$-actin
mRNA levels and the levels of Semaphorin SA mRNA are
normalized to the values of the healthy control group. The
data show that the level of Semaphorin SA in PBMCs is
indicative of the increased activity of the immune system
occurring in GvH disease. In detail, the group of patients
which are suspected of GvH disease (Suspect of GvH) and the
group of patients being diagnosed with GvH disease (GvHD)
have an increase in the normalized mRNA levels of Sema-
phorin 5A by a factor of about 20 in comparison to the control
group (NC), and in relation to the patients without GvH
disease (No GvHD). After treatment of the patients suffering
from GvH disease (after GvHD), i.e. by standard immuno-
suppressant therapy, levels of Semaphorin 5A were in the
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same range as those ofhealthy control and no GvHD-patients,
demonstrating the diagnostic value of Semaphorin SA levels
for GvH disease.

[0051] The analysis of Semaphorin 3A in the same patient
samples showed that Semaphorin 5A was upregulated in GvH
disease-cases, whereas Semaphorin 3A was not. In detail, for
Semaphorin 3A, no difference was measured between
patients without GvH disease (No GvHD, RQ: 10.9+2.25)
and patients suspected of GvH disease (Suspect of GvHD,
RQ: 11.5+0.4), and no differences were observed in patients
diagnosed with GvH disease (GVHD, RQ: 3.2+1.59) and
patients after GvH disease (After GvHD, RQ: 3.1£2.1),
which results are shown in greater detail in FIG. 2.

[0052] SEMASA, i.e. Semaphorin 5A protein, was deter-
mined in an ELISA using a rabbit antibody that is specific for
the N-terminal region of SEMASA (available from Abcam),
and an anti-rabbit antibody labelled by coupling to horse-
radish peroxidase (HRP) as a secondary antibody. A Western
blot analysis using the antibody (Abeam) specific for
SEMASA revealed that a soluble form of SEMASA is present
in sera of patients having GvHD and rheumatoid arthritis. The
Western blot, done by SDS-PAGE and electrotransfer onto a
nitrocellulose membrane according to standard procedures is
shown in FIG. 3. For control, recombinant Semaphorin 5A
protein, cell culture supernatant from cultivated HEK293
cells overexpressing human SEMASA were used (3 lanes
from the left, one empty lane), a serum from a rheumatoid
arthritis patient (Serum 1), and a serum from a GvHD patient
(Serum 2). As both patients were free from cancer, this analy-
sis shows that the soluble form of SEMASA can be detected
in sera of patients having an undesired immune response,
which is exemplified by GvHD and the autoimmune disease.
[0053] Sera were collected from a group of patients (n=27)
prior to transplantation (HSCT), without GvHD after trans-
plantation (n=24), for suspect or confirmed GvHD (n=3) after
GvHD episodes (n=3), or from patients transplanted for more
than 3 years with chronic GVHD (n=10). Sera from 10 healthy
individuals served as a control. Results are shown as OD of
the ELISA in FIG. 4, indicating a significant increase of
SEMASA scrum concentration in patients with suspected or
diagnosed acute GvHD (0.867+0.446; p<0.001) in compari-
son to the concentrations determined in the sera of patients
after HSCT who were free of GVHD (0.106+0.003), or in sera
from those HSCT patients after being treated for GvHD
(0.114+0.005). These results clearly indicate that SEMASA
concentrations are upregulated specifically in case of acute
GvHD. A separate group of patients suffering of chronic
GvHD was analysed. A non-significant increase of SEMASA
concentrations was observed (0.219+0.178). However, the
chronic patients presented other severe malignancies such as
lung or thyroid cancer and were under therapy at the time the
sample was taken. A correlation of the SEMASA concentra-
tions from these patients with GvHD would therefore be
hindered by the impact of anti-cancer therapy.

[0054] In addition, concentrations of mRNA encoding
Semaphorin 5A (Sema5A mRNA) were detected by real-time
PCR as described above. As shown for SEMASA, elevated
concentrations in the SemaSA mRNA in patients correlate
with suspect or diagnosed GvHD (RQ 10+£2.5, p<0.05) in
comparison to SemaSA mRNA concentrations in patients
after HSCT without GvHD (RQ 120.8) or after GvHD treat-
ment (RQ 2.1£1.2). The group of patients showing chronic
GvHD showed a RQ mean of 2.4+0.8. The results are shown
in FIG. 5.
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[0055] As a further example of transplant recipients, in
which elevated levels of SemaSA mRNA or SEMASA indi-
cate an undesired immune response, e.g. the host versus graft
disease (HvGD), samples from patients having received an
allogeneic kidney transplant were analysed. Results are
shown in FIG. 6 as OD obtained in the ELISA specific for
SEMASA, wherein *** indicates a significance p<0.001 in
the one-way ANOVA statistical test followed by the post-hoc
Bonferroni test. Sera from healthy individuals were used as
control. This analysis makes it clear that also in the situation
of solid organ transplantations, elevated concentrations of
Semaphorin SA indicate an increased activation of the
immune system of the transplant recipient, i.e. HvGD,
whereas controls and sera from transplant recipients who
were free from HvGD, i.e. acute transplant rejection (Acute
rejection) were analysed to have significantly lower serum
concentrations of SEMASA.

Example 2

Semaphorin 5A is Specifically Increased in Patients
Having an Autoimmune Disease

[0056] As an example for autoimmune diseases, patients
who were diagnosed with rheumatoid arthritis were used. In
detail, SEMASA concentrations were assessed by ELISA in
sera from 15 theumatoid arthritis (RA) patients prior any kind
of therapy, and in 10 healthy individuals. Significantly
increased SEMASA concentrations were detected in RA
patients (OD 0.380+0.182, p<0.001) compared to the levels
observed in healthy individuals (OD 0.117:0.009). The
results are shown in FIG. 7, wherein *** indicates a signifi-
cance p<0.001 in the one-way ANOVA statistical test fol-
lowed by the post-hoc Bonferroni test.

[0057] Determination of Sema5A mRNA concentrations in
PBMCs enriched from whole blood of patients suffering of
rheumatoid arthritis showed a significantly higher SemaSA
mRNA concentration (RQ 2.511.2) in comparison to the con-
centrations measured in healthy individuals. Results are
shown in FIG. 8, wherein SemaS A mRNA concentrations are
normalized to the concentration of mRNA of the housekeep-
ing gene f-actin, which was detected in parallel by quantita-
tive RT-PCR.

Example 3
Production of Recombinant Semaphorin 5A

[0058] As an example for the manufacture of Semaphorin
5A, e.g. for use in the production of a pharmaceutical com-
position containing Semaphorin 5A for use in the treatment of
alow activity ofthe immune system, the extracellular domain
of human Semaphorin 5A was expressed in HEK cells. For
ease of purification, the expression construct included a His-
tag.

[0059] Briefly, the plasmid pcDNA3.1 was provided with
the coding sequence for the extracellular domain of human
Semaphorin SA with an added soluble His-tag, and trans-
fected using lipofection (Lipofectamine 2000, Invitrogen)
into the human embryonic kidney 293 (HEK293) cell line.
The recombinant Semaphorin SA protein with its added His-
tag was isolated from cell culture supernatant by immobi-
lized-metal affinity chromatography on HisTrapFF columns
(GE Healthcare, Little Chalfont, Great Britain). Cell culture
supernatants were pooled, adjusted to pH 8.0, and loaded onto
the columns using a BioLogic DuoFlow System, Bio-Rad,
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Hercules, USA). Elution of Semaphorin 5A was by 20 mM
sodium phosphate, 0.5 M sodium chlorate, 0.5 M imidazole,
pH 7.4. Recombinant protein was quality-controlled by West-
ern blotting and an ELISA using detection antibodies against
the V5 epitope and the His-tag (available from Invitrogen).
The result is shown in FIG. 9, with the arrow indicating
Semaphorin SA.

Example 4

Production of an Antibody Having Specificity
Against Semaphorin SA

[0060] Polyclonal and monoclonal antibody specific for
Semaphorin 5A was produced according to standard practice
in experimental animals. In short, experimental mice were
vaccinated with Semaphorin 5A as produced according to
example 2, using at least 2 booster vaccinations. For poly-
clonal antibody, serum was collected and purified as gener-
ally known. The specificity could be determined against
immobilized Semaphorin 5A by detecting bound antibody
using a secondary antibody.

[0061] For monoclonal antibody, spleen cells of a mouse
were used for the hybridoma technique, and from hybridoma
cultures, a producer was screened according to the affinity of
the supernatant to immobilized Semaphorin SA.

Example 5

Activation of NK Cells and of the Cytotoxic Activity
of NK Cells by Semaphorin 5A Protein

[0062] Natural killer cells (NK cells) were isolated from
peripheral blood of 8 healthy donors using magnetic assisted
cell separation technology. Cells were cultured in the pres-
ence of IL-2 and IL-135, in the presence of Semaphorin SA
alone, or in a combination of Semaphorin 5A with IL-2 and
1L-15. As acontrol, heat-denatured Semaphorin 5A was used.
Cultivation was generally in standard cell culture medium
under standard cultivation conditions.

[0063] After 48 hours of cultivation, the following cell sur-
face receptors were determined by flow cytometry specific for
cell surface expression of KIR2DL1, KIR2DL2, NKp30,
NKp44, NKp46, NKG2A, NKG2D, and CD25. Results are
shown in FIG. 10 and demonstrate, that the exposure of the
immune cells to Semaphorin 5A protein (SemaSA) leads to
an increase of the natural cytotoxic receptor NKp44, i.e.
NKp44+NK cells by approximately 12%. As expression of
NKp44 is restricted to activated NK cells, this result demon-
strates that Semaphorin 5A protein activates NK cells. This
activation of NK cells is even more pronounced for the com-
bination of Semaphorin 5A protein with IL-2 and IL-15 (IL-
2+IL-15+Sema5A), whereas control cells (NC) without
Semaphorin 5A and cells exposed to denatured Semaphorin
5A protein (den Sema5a) show lower activation.

[0064] Inaddition, exposure of the cultivated immune cells
to Semaphorin 5A stimulated an increase of the frequency of
CD25" NK cells by up to 20%, as shown in FIG. 11. The
stimulation is even more pronounced when Semaphorin 5A is
used in combination with IL-2 and IL-15.

[0065] As shown in FIG. 12, the NKG2A+(21.2%=5.7%)
and NKG2D+(93.8%+4%) NK cells increased significantly
in the presence of Semaphorin 5A, when compared to NK
cells that had been cultivated in the absence of Semaphorin
5A (NC), or NK cells that were incubated in the presence of
Semaphorin SA alone. No significant changes in the expres-
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sion were observed for expression of NKp30, NKp46,
KIR2DL1 or KIR2DL.2 (data not shown).

[0066] This data show that Semaphorin 5A, e.g. in the form
of recombinant Semaphorin 5A, and preferably in the pres-
ence of additional IL-2 and/or IL-135, is an activator of NK cell
function.

[0067] As shown in FIG. 13, Semaphorin 5A stimulates
NK cells to have increased levels of Granzyme B (1.72+0.31)
in comparison to NK cells cultivated without Semaphorin SA
(140.05). mRNA levels of Granzyme B were evaluated by
real-time PCR for determining its upregulation. The data
shown are normalized to f-actin levels determined in ali-
quots.

[0068] An increased, e.g. synergistic effect for the upregu-
lation of Granzyme B transcripts was observed for Sema-
phorin 5A in combination with both IL-2 and [L-15 (11.57+4.
11), when compared to NK cells cultivated in IL-2 and IL-15
but without Semaphorin SA (6.7+2.5). This clearly shows that
Semaphorin 5A enhances the cytotoxic potential of NK cells,
even in the absence of target cells. As a control, non-simulated
NK cells were used.

[0069] Inanadditional experiment, the NK cells previously
incubated in the presence or absence of Semaphorin 5A, as
described above, were used in cytotoxicity assays with K562
cells as targets. NK cells previously cultivated in the presence
of Semaphorin 5 A showed an increased lysing capacity of the
target cells (25%+0.3%) in comparison to NK cells cultivated
in the absence of Semaphorin 5A (16.5%+3%), as is also
shown in FIG. 14.

Example 5

Stimulation of Proliferation of CD8" T-Cells, and
Increase of Cytotoxicity of CD8* T-Cells by SEMA-
PHORIN 5A

[0070] CD8* T-cells were isolated from the peripheral
blood of 4 healthy donors using magnetic assisted cell sepa-
ration. Prior to the proliferation assays, CD8" T-cells were
labelled with 5,6-carboxy-succinimidyl-fluorescein-ester
(CFSE), and cultured in the presence of IL-2 (50 U), Sema-
phorin 5A (10 pg) alone, or in a combination of Semaphorin
5A (10 pg) and IL-2 (50 U) for 5 days under standard cell
cultivation conditions. As negative control in this experiment,
non-stimulated cells (non-stimulated) were used, as NK cells
are unable to endocytose protein and to produce cytokines in
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response thereto. In comparison to CD8* T-cells cultivated
without added stimulant (Control), cultures supplemented
with IL-2 showed a 4% increase in the proliferation rate for
CDC T-cells. A strong increase of the proliferation rate by
about 10% was observed in the culture of CD8" T-cells in the
presence of Semaphorin SA. Essentially no synergistic effect
onto the proliferation rate was detected for the combination of
1L-2 and Semaphorin 5A in this culture of CD8* T-cells. Data
are shown in FIG. 15.

[0071] For an evaluation of the cytotoxic potential of CD8*
T-cells, total RNA was isolated from the individual cultures,
and the level of Granzyme B transcripts were measured by
real-time PCR. Data are shown in FIG. 16. Presence of IL-2 in
the cultivation of CD8* T-cells caused a 2.4+0.1-fold increase
in levels of Granzyme B. Presence of Semaphorin 5A alone,
i.e. without additional IL-2, also induces an upregulation of
Granzyme B-transcripts by a factor of 2.2+0.1. The combi-
nation added IL-2 and Semaphorin 5A lead to an increase of
levels of Granzyme B by a factor of 2.3+£0.07. These data
demonstrate that it is Semaphorin SA alone that is capable of
inducing cell proliferation and an increased cytotoxicity of
CD8™ T-cells.

[0072] Cytokines, which are known to play a crucial role in
inflammatory diseases, graft rejection and GvHD were analy-
sed by determination of the cytokine secretion profile of NK
cells and monocytes obtained from healthy individuals upon
addition of SEMASA. Freshly isolated NK cells from five
healthy donors were stimulated with 10 pg/ml of recombinant
SEMASA in presence or absence of a combination of IL-2
(100 U/mL) plus 1L-15 (50 ng/mL). After 2 days of culture
under standard conditions, the NK cell culture supernatant
was harvested and analysed for the presence of cytokines
using the Luminex technology (available from Invitrogen). A
significant increase in the secretion of IL-1p, IL-6 and IL-8
was detected upon stimulation of NK cells with SEMASA in
comparison to the cytokine secretion profile of non-stimu-
lated NK cells. Furthermore, a significantly increase in the
secretion of IFN=y, IL-1p; IL-6, IL-8, TNF-a, GM-CSF was
measured when NK cells were incubated in the presence of
SEMASA in combination with IL-2 and IL-15 in comparison
to the cytokine levels detected in the presence of this combi-
nation of cytokines alone. Results are summarized in Table 1.
No differences were observed in the secretion levels of IL-4,
IL-5, IL-7,1L-10, IL-12(p70), IL-13 and MCP-1.

TABLE 1

Cytokine secretion profile of NX cells incubated in the presence or absence of SemaSA

Added stimulant

Analytes Non-
(pg/ml) stimulated IL-2 +1L-15 SemaSA SemaSA + IL-2 +IL-15
IFN-y 209.07 £141.70 43.56 + 52,09 15471 £4013.35
(p <0.001)
IL-1p 0 50.90 =2.01 70.10 = 8.45
(p<0.01) (p <0.01)
IL-6 6.66 £ 0.94 10.66 £3.12 303.39 + 54,13 43751 £0.76
(p<0.01) (p <0.001)
IL-§ 5212 £44.32  1241.24 £486.12  4196.90 = 1258.05 6666.29 = 3932 £ 93
(p <0.001) (p<0.001)
TNF-a 3.64 £0.1 6.89 £1.32 6.66 = 1.65 18.83 £ 8.96
(p<0.01)
GM-CSF 179.46 = 111.36 33.36 £ 6.94 523.65+1129

(p<0.01)
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[0073] Further, the cytokine secretion profile of monocytes stimulated in the presence of SEMASA protein alone (3149.
in response to SEMASA was analysed. CD 14+ cells were 095+2366.675 pg/mL; p<0.05) or in combination with [FN-y
isolated from PBMC:s of 6 healthy individuals and stimulated (6083.278+2364.507 pe/mL; p<0.05) in comparison to the
in presence of 10 pg/mL of recombinant SEMASA protein . .

. . . levels detected in non-stimulated monocyte cultures (1227.
alone orin presence of 10 ug/ml of recombinant SEMASA in )
combination with 50 ng/ml IFN-y. A soluble form of a killer 193£660.273  pg/mL) or in _ presence of  TFN-y
immunoglobulin-like receptor (KIR) protein was used as (4474.031£3429.2 pg/mL), respectively. Also, exposure of
negative control. After 2 days cultivation under standard con- ~ monocytes to a combination of SEMASA and [FN-y caused
ditions, monocyte cell culture supernatants were harvested ~ anaugmentation in the secretion of IL-12(p70) (392.41+200.
and analysed for the presence of cytokines using Luminex 153 pg/mL; p<0.05). In addition, stimulation of monocytes
technology (available from Invitrogen). A significant increase with SEMASA protein alone (3028.207+2321.318 pg/mL;
in the secretion of IL-1p was observed when monocytes were p<0.01) or in combination with IFN-y

TABLE 2

Cytokine secretion profile of menocytes in presence or absence of SEMASA
added stimulant

Analytes NC+
(pg/mL) Non-stimulated IFN-y SEMASA SEMASA + IFN-y NC IFN-y
IL-1p 1227.193 £ 660.273  4474.031 £3429.2 3149.095 £ 2366.675 6083.278 £ 2364.507  343.2 +230.1 3900.2 £859.1
(p<0.05) (p <0.05)
IL-12(p70) 9.467 £ 3.225 173.029 £174.819 11.714 £5.386 39241 +200.153 3201 113.2£20.1
(p <0.05)
TNF-a 1547.655 £ 743.138  9036.502 £2321.318 3028207 £2321.318  11075.343 £ 806.811 8.823 £3.596  7930.918 £2645.176
(p<0.01) (p <0.05)

(11075343 = 806.811 pg/mL; p <0.05) resulted in a significant increase of TNF-ax secretion levels in comparison to non-stimulated monocytes (1547.655 + 743,138 pg/mL) or in presence
of IFN-y (9036.502 + 2321.318 pg/mL). Results are summarized in Table 2, wherein NC indicates absence of SEMASA. As a negative control (NC) in this experiment, monocytes were
stimulated with another protein than SEMASA in the presence or absence of [FN-y in addition tonon-stimulated cells (non-stimulated).

[0074] The comparison of the NC to the specific effect of
SEMASA shows that the observed effect was caused by
SEMASA, excluding the possibility that variations in the
monocyte secretion profile were a result of endocytosis of
protein.

[0075] While specific embodiments of the present inven-
tion have been shown and described, it should be understood
that other modifications, substitutions and alternatives are
apparent to one of ordinary skill in the art. Such modifica-
tions, substitutions and alternatives can be made without
departing from the spirit and scope of the invention, which
should be determined from the appended claims.

[0076] Various features of the invention are set forth in the
appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 1

caacggcgge cactatg

<210> SEQ ID NO 2

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

OTHER INFORMATION: /note="SEQ ID NO 1: synthetic primer”

17
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<223> OTHER INFORMATION: /note=“SEQ ID NO 2:

<400> SEQUENCE: 2

ccaggcggge tttge

<210> SEQ ID NO 3
<211> LENGTH: 18
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: /note=“SEQ ID NO 3:

<400> SEQUENCE: 3
caacgattce gatacaca
<210> SEQ ID NO 4

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: /note=“SEQ ID NO 4:

<400> SEQUENCE: 4
ttcagcaatg gagcttteca
<210> SEQ ID NO 5

<211> LENGTH: 18
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: /note=“SEQ ID NO 5:

<400> SEQUENCE: 5
caaccccage cgttgaac
<210> SEQ ID NO 6

<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: /note=“SEQ ID NO 6:

<400> SEQUENCE: 6
aagcagcaac aactatata
<210> SEQ ID NO 7

<211> LENGTH: 18
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223» OTHER INFORMATION: /note=“SEQ ID NO 7:

<400> SEQUENCE: 7

atgatgatat cgecgege

<210> SEQ ID NO 8

«211> LENGTH: 16
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223>» OTHER INFORMATION: /note=“SEQ ID NO 8:

«<400> SEQUENCE: 8

synthetic primer”

15
synthetic probe”

18
synthetic primer”

20
synthetic primer”

18
synthetic probe”

19
gynthetic primer”

18

gynthetic primer”
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gccttgcaca

tgcegyg

<210> SEQ ID NO 9
<211> LENGTH: 15

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: /note=“SEQ ID NO 9: synthetic probe”

<400> SEQUENCE: 9

cgtcegtegac

aacgyg

<210> SEQ ID NO 10
<211> LENGTH: 11825

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: gene

<222> LOCATION:

(1) .. (11825)

<223> OTHER INFORMATION: human semaphorin 5A

<400> SEQUENCE: 10

geteteegee
cggcegeeggt
gtgggettey
cetteccegt
acccaggact
tetgetggge
ggceeecaay
tggcaggggy
teggageege
ttggtgtyty
ttgaggaaac
agagcttety
aacctgtgtt
ggeccagggt

tggcecetygy

tgacccagga
tgaggatetyg
ctgttacage
gggtggcgac
ctegttgage
cagtececag
agccatggat
teteegeacy
tgacatcgga

gaaaacagty

cegegetete

ggcggctget
cageeteagy
geaggggedgy
geeeegegyga
gegaaccetyge
ceggtgecee
cggetgeage
tetggeceee
agacttggge
gegtecteca
tttagaagac
atagcatgge
acgactcagt
ttacgggagt
cagaaagaac
tectettatee
aaaggcaaat
cggttattea
aacctgactyg
cacaattcea
tttecaggac
gcgeagtaca
aattttacct

ttetecagag

cgegeeeget
ctcectgage
ccageegegy
ceeggecagt
getggettgy
ccacccacey
cattetggaa
tgetgectee
aggcgetgga
tggagtgeee
tecetetetet
acgtgeccag
tgtteteaay
gccagagaac
tcagagegaa
ttgttgtagy
aggctgtgga
caaaggagga

cetgtgggac

agatcecatga
cagegetect
gtgatcctge
actccaaaty

acttctttte

ctgccegggt

cgeceegege
cecgeteecga
cecttgygecee
gtegeteate
acacccaact
gttggeegey
cteagegagt
acttecctay
tgactggcac
acgtggetgt
cettggeact
agtcagagge
cctggggety
cgageatecea
gaatgetgty
agcaagaaac
atgggagtgt
atgtcagaac
caatgcatte
tcagatcagt
cacagctggt
catttaccga
gctcaatgag
ccgagaaaat

gtgcaagaac

cgatetactt
gcgetgettt
getgeagece
cegggacget
ttgccaccte
cgetegggga
agggggegge
ccaggtygety
cagegetecet
ggagtcagtg
ttecacacat
ceettgecca
tggagacteg
gteateteet
gatttetege
tacctcttea
gatgaagcta
tacatceggy
acgcetgtet
ggcatggeec

ggggagctcet

agcctaggea
ccaaacttty
gcagtagage

gatattggty

gecgggaagg
ccegecgegg
cggeecteca
ceettetece
gagggtegtce
cegtygetegt
tetggggaag
aagaggatece
cgeacetygty
tgattcatga
gaggagaaga
ccatgaaggg
cecacccaga
ataaagaaat
agttaacatt
ggttacaget
ccaaaaagge
tgettetggt
gcaccaaccy
getgteccta
atgctgetac
ttttacctece
tgtcatctta
atgactgtgg

ggegettect

16

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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gctggaagac acctggacca cattcatgaa ggctcgectg aactgctcec gtcctgggga 1560
agtccccttt tactacaacg aattgcagag tactttcttce ctgcctgage tggatttgat 1620
ctatggcatc tttaccacca atgtgaacag cattgcggcce tcagetgtgt gcgtcttcaa 1680
cctgagcgee atcgegcagg ccttectetgg geccecttcaag taccaagaaa actcegegetce 1740
ggcctggeta ccgtatccca acccaaaccce ccacttccag tgtggcacceg tggaccaggg 1800
cctgtacgtg aacctgaccg agagaaatct gcaggatgct cagaagttca ttctgatgeca 1860
tgaggtggta cagccagtga ccacagtgcc ctccttcatg gaggacaata gccgetttte 1920
ccacgtggca gtcgacgtgg tgcagggcag agaagcgctce gtccacatca tctatttgge 1980
cacagattac ggaaccatta agaaagtgcg ggtacccctg aatcagacct caagcagctg 2040
tttgctggaa gagattgagc tcttccectga gaggcggagg gagcccatca ggagcectgeca 2100
gatcctgcac agccagagtg tcctgttegt gggectgegg gagcacgtgg tcaagatccce 2160
cctgaagagg tgccagttcet accgcacacg cagcacctge attggggccc aggaccctta 2220
ctgtggctgg gatgtggtaa tgaagaaatg cacaagcctg gaggagagcc tgagcatgac 2280
gcagtgggaa cagagcatet ctgegtgtec gaccaggaat cteaccegtgg atgggeactt 2340
tggtgtgtgg tctecegtgga cgecttgcac gcacacagat ggcagcgccg tgggatcctg 2400
cetetgtega acceegetecet gegacagecee ggecceegeag tgtggtgget ggecagtgega 2460
gggecectygge atggagateg ccaactgtte caggaacgga ggetggacte cctggaccete 2520
gtggtetece tgcagcacta cctgtgggat cggettecag gtgeggeage getectgeay 2580
caaccoccact cecaggcacy ggggceogggt gtgegtggga cagaaccegey aggaaagata 2640
ctgcaatgaa catttgetat gteccccaca catgttetgg acaggetggg gtecttggga 2700
acggtgcaca gcececaatgeg ggggtggeat tcaagetege cgecaggatet gtgagaatgg 2760
gectgactgt geaggetgea atgtggagta ccagtettge aacaccaace cgtgtectga 2820
gctgaagaag accacgecct ggacaccctg gacacctgte aacatetetg acaacggegg 2880
ccactatgag caacgattece gatacacatg caaageccge ctggetgate cgaatttget 2940
ggaagtggga agacagagaa tcgaaatgcg gtactgttet agegacggea ccagtggcetyg 3000
cteccacagat gggetttetg gggatttect gegtgetggg agatactetg cccacacggt 3060
caacggggct tggtcageet ggacgtegtg gtcacagtge ageegtgact gcagcagggg 3120
cattcggaac cggaagegtg tttgcaacaa ccccgaacce aagtatgggg gaatgecttg 3180
ccttggecca tcetetggaat accaggaatg caacattttg cectgeccag tggatggegt 3240
gtggtcettge tggtceccecct ggacaaaatyg ttcagcaaca tgeggeggtyg gacactatat 3300
gaggacccge tcttgcteca atccagecee ggectatgga ggggacatet gectgggget 3360
gcacacagaa gaggcactct gcaacacgca gccctgecca gagagetggt cggagtggte 3420
ggactggtet gagtgtgaag cctcectggegt ccaagtecge gecegecagt gecatcctect 3480
gttccccecaty ggcagceccagt gctccgggaa caccacggay agecggecgt gtgtgtttga 3540
ctctaattte atcccagaag tatctgtgge aagatccagt agegtagaag agaaaaggtg 3600
tggagagttc aacatgttcec acatgatecge cgtggggetg agcagctcca tecteggetyg 3660
ccteocteace ctgctegtet atacttactg ccageggtac cagcagcaat cccacgatgce 3720

gactgtcatc caccccgtet cacctgecece ccttaatacce agcataacca accacatcaa 3780



US 2011/0293560 Al Dec. 1,2011
11

-continued

caaactggac aagtacgact cggtggaggc catcaaggca tttaacaaaa acaacttgat 3840
cctagaggaa agaaacaaat acttcaaccc acatctcact gggaagacct attctaatgce 3900
ctactttaca gatctcaata attatgatga gtactaacag ctttcatgtt tttggcttct 3960
tgtaaatccc cagttecctca aggecctgtge cccatgactg cccatgtttce tgaggcttca 4020
gagtcgaagt ttggatacat ttcaagtgca tttcaagcca ccagagtgtc ccattgctgce 4080
caaaaataca cgtctttaaa agcaacaaaa attgaaataa gacatcgtga aaatcttgac 4140
cattgttgaa tgagccaggg tgtgaagttt ttaattgtgt tcatcctatt tttctgacaa 4200
gtccattggt ttgttttttg agcattattt tataaatgtg ccacccacat tggaaggagt 4260
ctttctttag aactttggag tgtaaatctt catgatgttg taattcaaga aaataggcac 4320
tttctctgaa agacctgctc cttccacaag aagtgcatag gtccataata tttcataaaa 4380
tgaagaaaaa gaatgtggcc aaacaattat tcaccatgga ttgcccaact ttccaaatct 4440
ggataaagct gtgggattct tggaagcagc ttgagtgttt tcatcttgec tgggaagccc 4500
aggaattcca cctggtccac accggcagaa gttacagtag actgtgaggc accccacctt 4560
getectgatyg cagtttetgt gecattgetyg gtgetggtgy aggcagegga gcagaggete 4620
aggcacaatg aagcgtggat gtgttctgca ggttgctgca aaactcacct tattctgact 4680
tttggattte atggeattec aggaagetece ttgecatget gttggectgg aagtecacct 4740
gtetggteca tagtgacgte ctgaagagece agtetgtaaa ataaccaacce acttacttag 4800
cgtttggata gactecatge cttetetete cctgcaaaga aaaatettga acatttatga 4860
tgtcaattag tgaaagtatt gaaaatacta aattataact aaaagcaact ttttatgtta 4920
ttgaaaatat tgaaagaact gatattaatg ataatcattt tatttttcat ctetetgata 4980
tacccaatgt gtggeaatca gccectacca cgageattaa tgecatgtaa agetggettt 5040
ctggagtety ccaggtecac acgaagtget acccccagtt tetgetgtta cttgetgect 5100
ccaggccagg ggagcaggag atgctcaget ctggtgectt ttettttatt tcagtgetge 5160
ctteccacee acccagteca ttecaccectea ccteteccetyg catggaggca acageattte 5220
aagatgtacc ttgggaagtc aggatagctg gaagtaaggg tttttgggat ccctgtggte 5280
tettcactga tcatcgataa gcatttaaga gtgtgctaac accattcaca gaggtcecctg 5340
gaaaaaaata tataattttc tcacaaacaa ccaatacata acctatggca gttggttgaa 5400
taattattga aaaaaagaac acgactgaaa aagttcatct gatgectetg agcatgtgat 5460
aaagtcctgg gtagacacgg asacgtgtte ttacaaatga acctteggat ctatgaaaga 5520
aaatatagta gggggactaa ggaacataga attttattag catatgtgat tttaccctta 5580
tectttgttte taatttaaag aaacaatttc agaaagtgtt agaagaattc tatgtttaat 5640
aatgaatatt gttgagttca aasatattcte atatacccag atttacagag atgacacagt 5700
attgaaatgg caggtgggcet ctgtaagtta ttttggatta atgacattca gggtetttgce 5760
agtggggact tcatgttgec tctcactcat tectcatatg tcagagtcett ctgtetatat 5820
gcacatgctce aaagtccata ctcagtaggg gaaatctage cggatggttce tccaattgtt 5880
ccteggetgg attttecatca tcagatattt caactcatcet catcagttte ttgtaagaaa 5940
aaaacatttt cactttgtag cacattttag ttatttttga gtcttcttec ctaatagttt 6000

gtaagcttaa agggacattt tattttccet ggtaaagagyg attctaatat ttcaagaatg 6060
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tttcactgga attgatggga aatggtttct aaatggcatc gaagctggtc tttaatgagt 6120
cttttgcaat gacttgggaa aaacaccctc cctcactaca ggatcttcat gttgttaata 6180
atataaacaa acctttgaaa ttagcattgc aaaagaatcc catttttgtt tcgtaccaca 6240
ctgttcaaag gaaaattgtt tatctctctt cctttctete tctctcecttat ttgacagaat 6300
agcaagtgtt tagataattt cagatatatt ctaagtattt taccagctgt ggaataagtt 6360
gtgtttgtcc atcactgtgt agctaccgtt cacatgttct ggctctgtac tccacgetta 6420
tcgegtgaac cctcacatgt tggactttca cagtgtgatce tctcacctgt cttggaaact 6480
ccttcataaa gcecgetcectte cttaggcctg ggctgtttgg aagtectggt gaaactttge 6540
ggttcacatt ttaaattcct gaatgacctt ttcattctect ctttcectttat ctttgttttt 6600
gtccttcatt ccctectttt gttcttectt cctgecttet tttettettt cctttettet 6660
ttctttaatt cttectttet tcectatttte ttggtacaag tggaacaaaa accaacacat 6720
agttttaagc tacacctttc tgcacctgat gtaaaatgac attaatcact atttaacttc 6780
taaaattatt tctgaataca gttggagata ggctggtttt catgaggaag ctggcttggce 6840
tttagtetta catttaaatt ctttgaaagt ggcetcecagt getattecagg gtectttett 6900
gaggccagac tcatcaccat ctactattga ttttacagtg cactgacagt ttacaggaag 6960
gagaagaaca gJaatttetge acactacaca acatgtggge ttectgtage tecagggaca 7020
tgtagetttyg gtgaaactgg ggttttgtaa cctetgaatyg atatggactt agtgaattet 7080
aaggaactca gggggcacgt ggtcaggete caccgceacag aagagcecaca gtetecagac 7140
tecatggegtt ccetecagaa ctecccatte cectetgage atatttetat getgetgett 7200
cttgtgactt acatgaggeca tctcagette tteatgtttyg tagggatggt teectaagee 7260
tgttcaagta ggetetcecact agagttacca ttcecatatttyg agaagaaaag aacatttaat 7320
aaatgtatgt gtggggcetga ggttctaaag gaattgaaaa gagacgataa acattgaatg 7380
agggtgaggg catcectget ggggagaaac ctcetgtcecceet aggaagagte cgttcecatgte 7440
atgtggtttyg ggatgaacca ggggtetgge cccategggt cacaggtgat ggcaaataga 7500
aaagaagcaa atggaggaaa tagtcggata agtaggtgac gtgaaaggca ggacctggte 7560
accccageaa gtgctatgga cagttecegg aaacggttge ccacttcaca ggtcecatggg 7620
tetgaccett ggactetgec aggatcaact geccagagtg ccagagtttt ageccaaaggt 7680
gtacttactt ccttatttat ctgcaaaagg atggaaactyg tgggagtcaa agecctatttt 7740
getgagtgtt ceccactggag tcetctggtag aattagcagyg tcatgetgte asaatcatgg 7800
acaaaggctyg ggtgcagtgg ctcatgeccta taatceccage actttgggag gccaaggtgg 7860
gcggatcacce tgagctcagg agtttgagac cagectggge aacatgggga aactccatet 7920
ctacaaaata tacaaaatat tagccagcca tegtggtgeg tgcetgtggt cccagtttet 7980
tgggaggetyg aggcgggagt atcatttgag ccaggaggtt gaggttgcag tgagetgaga 8040
tcacatcact gcactccate ctgggtgaca gagagagacc ctgtctcaaa aaaaaaaaaa 8100
aagaacaaag tcttageggg gggtctctat gtccccaagt ggctctectaa ggggatccat 8160
tagcgtataa ttgaatatca aagggaattt taccttaaac atatatcaag tctatactca 8220
gctaatcgtt ttgtctaaac acagecttgt tagcatttga atttacaaat attcatttge 8280

ttatttgcag tgttectttt gecttttagaa taaatcataa atatttecccce aatactgtca 8340
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agatacttct tcaactttgt ccctgaacca tcagctttct ttagggtccg ggtatccttt 8400
acacttcaat ggggttttet tgtgtgtgtc attgggggta actccattga cctcagcatt 8460
tctatctcaa gagatggctc tggaacacag aaccagaggc aacaggtact aatggttgat 8520
aaaattaaca gcgactgcat aaccattttc cacatggcag ggctgtgctt aagccccaca 8580
cctccaataa tcaatttcta tgacggtact aataacctta actatatgca aattcttcac 8640
cacttatgat atggtacaaa ctggagttta cagatggcct tggccttgcc tagcccattt 8700
gttcatccta acttcttcat cacttcctga tgcacttggg gaagcatgtt gacacaacgt 8760
taccaatatt tgattaccta tggttatctg caattaccta cgcttatctt atcagaccct 8820
agatgccatt tgagcccctt acttctttgg gcagtgggtg aaatgggaga acatagagaa 8880
atgttcactt tgacctaaga aacgcataaa agggaatgcc atgcacaatg taagataaaa 8940
tgtttgggga caggggatca tcgtgaaatt tatttctget attctgccct attgaggtca 9000
ttaattataa tggatttaaa gatttttttt taaactctac aaacactaag ccaaggaatt 9060
caggttatct gctatgttaa cctaataaag caaaggaaaa taagttgctt taatccttgce 9120
ttgttaacct aataaagcaa aggaaaatat gttgetttaa tecttgette ttttetettt 9180
tggtaataga aaaggtaaat aagatgtaat gttgaactgc tggtgatgat ttctaaaacg 9240
actctttaaa tactecttte ctatggactt atattaaaga tgcattgtac acattgtttt 9300
agcagataga tcaaagatat actcagtggt catctgttge attatcagaa atttgataca 9360
tgttacagaa gcatgaggaa gggaatccta tcecacttttyg aaaatagagt tcacattgea 9420
agegacatag ggcattatca asaccaatte agagectgge acaaaatgta tacttectag 9480
tgaaagetgt ctcaaaacac agectttttyg atggatcata ttagetcata tctgecatag 9540
aaaggcaatce aagettacte cctgecaateg gagtcaatat caattettge tcaagcaaac 9600
atgttttaca gtgttggege aatggcagga actagtcaag ggcactttceca gatctggaaa 9660
gaggaaagag gaggtagaaa atcactcttt tgtgtttett aaactgtcaa tcaagcaaga 9720
aaatttatte caccecttea tatttgctet aaaatetggg gecagtagtt gaaatgtgat 9780
cttgttettt ctecagecttt tggcaattta atgeccaaata ttccaaatgt tagatgaatg 9840
gcagtaataa aatgattcaa atgtttgata aatacaagct gagagcaaaa tctggactet 9900
gaaaaatcgg aactatttta tcatgttget aaaatgagag catcatttte ttcectetet 9960
gtaagtgegg tagtttaatt tcctagaaaa agttgctagt geecttgttta agatgatcat 10020
ttatcattte atgtggatat tattggtcta attagaagga gaagattgat tggatttact 10080
ttaaagaaaa ttattctcct atgtctettt gaactcagga atagaaaatg accaagaage 10140
acatcatett cagatgtgat ttttgccecte actggggatg tagaaccaga ataggtacaa 10200
catatgcteca gaagagaggt gacttcagta ttagecttcet agaaactaac atcactttaa 10260
tttttacatg ttccaaaaaa aatcatagtg attgttctgt aataagaatg ttaacgtgat 10320
gcctatagaa gttagaggtt tttgtttetg tttetetteca ggcaagtcca tagatagagg 10380
aaaatcagac acaggctggt gacaactggt atagatacag tgagcatgga atgagaacca 10440
cctacaacat tgectgatta tttttaagtt tatatcaaaa ctgcttcaca agttcacaaa 10500
agttgtcact cttaatttgg gttaagaaaa gtaatagtat tatctctgcet gaagttgatt 10560

gtttttectet tttaccatga ctgttggcca aaagcaaget gaacctetgce actttgaaac 10620
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aaagcacagt atgaatcttt aacccaagca cttagtttca ccactgagat tctacatcat 10680
ctgcaagaaa atgcacaaac ttttggtcca atgttggatt cttcaaaagt gcatagcaaa 10740
acttttgtge tatgccgett gatgtaactt ttaaagatgt tatcaaatgt taaatgectc 10800
attctgcgtt aatttgctgt tggctgtttt gtgaacacaa aataaacttg agattttttt 10860
tttttttttt ttttgtgaaa ctcctccaaa gccaatttca gcccttggta agecttgcaga 10920
cagttactga tcttaaattt aattttaaaa gacaatgtat cttaattata atttagcttt 10980
ttaaaacaat gagatagctt tacatttccc ctttgtttga atgagaaaat ggatcttggg 11040
ttgctatgct agaacacttg tagattgctg ggtcctttgt aagggggcca tggacacacc 11100
acactttctt tcaatcctta catttgaagc attgatattc ttcaaaacct tcttgttaca 11160
tgtgcgcaat agaaatttct aatgttcatg acttttatct ttcctgtcca tcaattcact 11220
ggttgtaaat gcttcctgag agctgtctag gtctgtatcce cagattgttg cttaatgaca 11280
tctgacagat gcattgtttt ctgaaatcag cttaagacac caattgtggc aactggaaac 11340
tcattacctg ctgcattgga tcaactatgg aagttggagc aggggtgggc ggaggtcacc 11400
taaccaatca atggaaggca actcacacct getcecaagee tcagetttga gaaacaaaca 11460
cgtttataag aaaaaatata tagctattat tacagaagtg aatatgttgt gctctecttac 11520
tgetettggt gecattgacag tttetgtate tcaacccetat tcatetttat gaaaaagcat 11580
tetgaagate tatecetceage actgetgagt gtgcagtcac actttectac caacceectt 11640
cttaccatet ctagetgeca tttgtggggg gaacaaaaca agggaatccet gattgtgtac 11700
agtataaatt gtattatatt ttttgtactt atgttttatg taaatagttt gtetcatteca 11760
attgtatgtyg agcattgaaa taaatcctac catttagggyg acaatttaaa aaaaaaaaaa 11820
aaaaa 11825
<210> SEQ ID NO 11

<211> LENGTH: 1074

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: PEPTIDE

<222> LOCATION: (1)..(1074)

<223> OTHER INFORMATION: human semaphorin 5A

<400> SEQUENCE: 11

Met Lys Gly Thr Cys Val Ile Ala Trp Leu Phe Ser Ser Leu Gly Leu
1 5 10 15

Trp Arg Leu Ala His Pro Glu Ala Gln Gly Thr Thr Gln Cys Gln Arg
20 25 30

Thr Glu Hisg Pro Val Ile Ser Tyr Lys Glu Ile Gly Pro Trp Leu Arg
35 40 45

Glu Phe Arg Ala Lys Asn Ala Val Asp Phe Ser Gln Leu Thr Phe Asp
50 55 60

Pro Gly Gln Lys Glu Leu Val Val Gly Ala Arg Asn Tyr Leu Phe Arg
65 70 75 80

Leu Gln Leu Glu Asp Leu Ser Leu Ile Gln Ala Val Glu Trp Glu Cys
85 90 95

Asp Glu Ala Thr Lys Lys Ala Cys Tyr Ser Lys Gly Lys Ser Lys Glu
100 105 110

Glu Cys Gln Asn Tyr Ile Arg Val Leu Leu Val Gly Gly Asp Arg Leu
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115 120 125

Phe Thr Cys Gly Thr Asn Ala Phe Thr Pro Val Cys Thr Asn Arg Ser
130 135 140

Leu Ser Asn Leu Thr Glu Ile His Asp Gln Ile Ser Gly Met Ala Arg
145 150 155 160

Cys Pro Tyr Ser Pro Gln His Asn Ser Thr Ala Leu Leu Thr Ala Gly
165 170 175

Gly Glu Leu Tyr Ala Ala Thr Ala Met Asp Phe Pro Gly Arg Asp Pro
180 185 190

Ala Ile Tyr Arg Ser Leu Gly Ile Leu Pro Pro Leu Arg Thr Ala Gln
195 200 205

Tyr Asn Ser Lys Trp Leu Asn Glu Pro Asn Phe Val Ser Ser Tyr Asp
210 215 220

Ile Gly Asn Phe Thr Tyr Phe Phe Phe Arg Glu Asn Ala Val Glu His
225 230 235 240

Asp Cys Gly Lys Thr Val Phe Ser Arg Ala Ala Arg Val Cys Lys Asn
245 250 255

Agp Ile Gly Gly Arg Phe Leu Leu Glu Asp Thr Trp Thr Thr Phe Met
260 265 270

Lys Ala Arg Leu Asn Cys Ser Arg Pro Gly Glu Val Pro Phe Tyr Tyr
275 280 285

Asn Glu Leu Gln Ser Thr Phe Phe Leu Pro Glu Leu Asp Leu Ile Tyr
290 295 300

Gly Ile Phe Thr Thr Asn Val Asn Ser Ile Ala Ala Ser Ala Val Cys
305 310 315 320

Val Phe Asn Leu Ser Ala Ile Ala Gln Ala Phe Ser Gly Pro Phe Lys
325 330 335

Tyr Gln Glu Asn Ser Arg Ser Ala Trp Leu Pro Tyr Pro Asn Pro Asn
340 345 350

Pro His Phe Gln Cys Gly Thr Val Asp Gln Gly Leu Tyr Val Asn Leu
355 360 365

Thr Glu Arg Asn Leu Gln Asp Ala Gln Lys Phe Ile Leu Met His Glu
370 375 380

Val Val Gln Pro Val Thr Thr Val Pro Ser Phe Met Glu Asp Asn Ser
385 390 395 400

Arg Phe Ser His Val Ala Val Asp Val Val Gln Gly Arg Glu Ala Leu
405 410 415

Val His Ile Ile Tyr Leu Ala Thr Asp Tyr Gly Thr Ile Lys Lys Val
420 425 430

Arg Val Pro Leu Asn Gln Thr Ser Ser Ser Cys Leu Leu Glu Glu Ile
435 440 445

Glu Leu Phe Pro Glu Arg Arg Arg Glu Pro Ile Arg Ser Leu Gln Ile
450 455 460

Leu His Ser Gln Ser Val Leu Phe Val Gly Leu Arg Glu His Val Val
465 470 475 480

Lys Ile Pro Leu Lys Arg Cys Gln Phe Tyr Arg Thr Arg Ser Thr Cys
485 490 495

Ile Gly Ala Gln Asp Pro Tyr Cys Gly Trp Asp Val Val Met Lys Lys
500 505 510

Cys Thr Ser Leu Glu Glu Ser Leu Ser Met Thr Gln Trp Glu Gln Ser
515 520 525
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Ile Ser Ala Cys Pro Thr Arg Asn Leu Thr Val Asp Gly His Phe Gly
530 535 540

Val Trp Ser Pro Trp Thr Pro Cys Thr His Thr Asp Gly Ser Ala Val
545 550 555 560

Gly Ser Cys Leu Cys Arg Thr Arg Ser Cys Asp Ser Pro Ala Pro CGln
565 570 575

Cys Gly Gly Trp Gln Cys Glu Gly Pro Gly Met Glu Ile Ala 2sn Cys
580 585 590

Ser Arg Asn Gly Gly Trp Thr Pro Trp Thr Ser Trp Ser Pro Cys Ser
595 600 605

Thr Thr Cys Gly Ile Gly Phe Gln Val Arg Gln Arg Ser Cys Ser 2Asn
610 615 620

Pro Thr Pro Arg His Gly Gly Arg Val Cys Val Gly Gln Asn Arg Glu
625 630 635 640

Glu Arg Tyr Cys Asn Glu His Leu Leu Cys Pro Pro His Met Phe Trp
645 650 655

Thr Gly Trp Gly Pro Trp Glu Arg Cys Thr Ala Gln Cys Gly Gly Gly
660 665 670

Ile Gln Ala Arg Arg Arg Ile Cys Glu Asn Gly Pro Asp Cys Ala Gly
675 680 685

Cys Asn Val Glu Tyr Gln Ser Cys Asn Thr Asn Pro Cys Pro Glu Leu
690 695 700

Lys Lys Thr Thr Pro Trp Thr Pro Trp Thr Pro Val Asn Ile Ser Asp
705 710 715 720

Asn Gly Gly His Tyr Glu Gln Arg Phe Arg Tyr Thr Cys Lys Ala Arg
725 730 735

Leu Ala Asp Pro Asn Leu Leu Glu Val Gly Arg Gln Arg Ile Glu Met
740 745 750

Arg Tyr Cys Ser Ser Asp Gly Thr Ser Gly Cys Ser Thr Asp Gly Leu
755 760 765

Ser Gly Asp Phe Leu Arg Ala Gly Aryg Tyr Ser Ala Hig Thr Val Asn
770 775 780

Gly Ala Trp Ser Ala Trp Thr Ser Trp Ser Gln Cys Ser Arg Asp Cys
785 790 795 800

Ser Arg Gly Ile Arg Asn Arg Lys Arg Val Cys Asn Asn Pro Glu Pro
805 810 815

Lys Tyr Gly Gly Met Pro Cys Leu Gly Pro Ser Leu Glu Tyr Gln Glu
820 825 830

Cys Asn Ile Leu Pro Cys Pro Val Asp Gly Val Trp Ser Cys Trp Ser
835 840 845

Pro Trp Thr Lys Cys Ser Ala Thr Cys Gly Gly Gly His Tyr Met Arg
850 855 860

Thr Arg Ser Cys Ser Asn Pro Ala Pro Ala Tyr Gly Gly Asp Ile Cys
865 870 875 880

Leu Gly Leu His Thr Glu Glu Ala Leu Cys Asn Thr Gln Pro Cys Pro
885 890 895

Glu Ser Trp Ser Glu Trp Ser Asp Trp Ser Glu Cys Glu Ala Ser Gly
900 905 910

Val Gln Val Arg Ala Arg Gln Cys Ile Leu Leu Phe Pro Met Gly Ser
915 920 925
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Gln Cys Ser Gly Asn Thr Thr Glu Ser Arg Pro Cys Val Phe Asp Ser

930 935 940

Asn Phe Ile Pro Glu Val Ser Val Ala Arg Ser Ser Ser Val Glu Glu

945 950 955

960

Lys Arg Cys Gly Glu Phe Asn Met Phe His Met Ile Ala Val Gly Leu

965 970

975

Ser Ser Ser Ile Leu Gly Cys Leu Leu Thr Leu Leu Val Tyr Thr Tyr

980 985 990

Cys Gln Arg Tyr Gln Gln Gln Ser
995 1000

His Asp Ala Thr Val
1005

Val Ser
1010

Pro Ala Pro Leu Asn Thr Ser Ile Thr Asn
1015 1020

Lys Leu Asp Lys Tyr Asp Ser
1025 1030

Val Glu Ala Ile Lys
1035

Lys Asn Asn Leu Ile Leu Glu
1040 1045

Glu Arg Asn Lys Tyr
1050

His Leu Thr Gly Lys Thr Tyr Ser Asn Ala Tyr Phe
1055 1060 1065

Asn Asn Tyr Asp Glu Tyr
1070

Ile His Pro

His Ile Asn

Ala Phe Asn

Phe Asn Pro

Thr Asp Leu

1. A method for analysis of the state of activation of the
immune system of a patient comprising determination of the
concentration of Semaphorin SA in a sample of the patient.

2. The method according to claim 1, wherein the concen-
tration of Semaphorin 5A is determined by detecting the
mRNA encoding Semaphorin 5A, or by detecting the reaction
of an antibody that is specific for Semaphorin 5A protein.

3. The method according to claim 2, wherein the concen-
tration of Semaphorin 5A is normalized to a signal deter-
mined for a constitutively expressed constituent of the
sample.

4. The method according to claim 1, wherein the deter-
mined concentration of Semaphorin SA is compared to the
concentration of Semaphorin 5A determined in a healthy
human, wherein an elevated concentration of Semaphorin SA
in the sample of the patient is indicative of an activated state
of the patient’s immune system.

5. The method according to claim 1, wherein the patient is
a recipient of an allogeneic transplant or is diagnosed as
having or is suspected of having an autoimmune disease,
excluding cancer patients.

6. The method according to claim 4, wherein the state of
activation of the immune system is used to indicate the pres-
ence of GvHD or HvGD.

7. A Kit of components for use in a method according to
claim 1, comprising a pair of oligonucleotides specifically
hybridising to a nucleotide sequence containing at least a
fraction of the nucleotide sequence encoding Semaphorin
5A.

8. A kit according to claim 7, further comprising a pair of
oligonucleotides specifically hybridising to a nucleotide
sequence encoding at least a fraction of a constitutively
expressed mammalian protein.

9. A kit of components for use in a method according to one
of claim 1, comprising an antibody which is specific for
Semaphorin 5A protein.

10. A kit according to claim 9, further comprising an anti-
body which is specific for a constitutively expressed mam-
malian protein.

11. A medicament for activating the immune system in a
patient comprising Semaphorin SA protein in a pharmaceu-
tically acceptable formulation.

12. The medicament according to claim 11, wherein the
medicament is provided for a patient who is free from cancer.

13. The medicament according to claim 11, wherein the
Semaphorin SA protein has an amino acid sequence accord-
ing to SEQ ID NO 11.

14. The medicament according to claim 11, wherein the
Semaphorin 5A protein is in combination with IL.-2 and/or
IL-15.

15. A process for the production of a pharmaceutical com-
position which is for use in the activation of the immune
system of a patient, excluding cancer patients, by providing
Semaphorin 5A protein in a pharmaceutically acceptable for-
mulation.

16. The process according to claim 15, wherein the phar-
maceutically acceptable formulation is suitable for 1.v. injec-
tion purposes.
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Semaphorin 3A increase fold



https://share-analytics.zhihuiya.com/view/d18a2f8b-5698-454b-89db-4699fd91932c
https://worldwide.espacenet.com/patent/search/family/042246021/publication/US2011293560A1?q=US2011293560A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110293560%22.PGNR.&OS=DN/20110293560&RS=DN/20110293560

