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TREATMENT

TECHNICAL FIELD

The present mvention relates to a method and composition for reducing the risk
of infection in a patient with lowered neutrophil count. The method comprises the
administration of a composition comprising Myeloid Related Proteins (MRP) to the
patient, therefore stimulating proliferation, differentiation and release of neutrophils. The
present 1nvention finds particular application in helping cancer patients under

chemotherapy to maintain an adequate immune barrier.
BACKGROUND ART

One of the serious side effects of anti-cancerous chemotherapy is the
diminution of neutrophils in peripheral blood. Patients are therefore at risk of developing

opportunistic infections.

Acute neutropenia (occurring over a few days) often develops when neutrophil
use 1s rapid and production is impaired. Chronic neutropenia (lasting months or years)
usually arises from reduced production or excessive splenic sequestration of neutrophils.
Neutropenia may be classified as whether it arises secondary to factors extrinsic to marrow

myeloid cells or whether an intrinsic defect appears to be present in the myeloid

progenitors. -

Drugs are one of the most common cause of neutropenia. The incidence of
drug-induced neutropenia increases precipitously with age; only 10% of cases occur in

children and young adults, and more than 50% occur in adults.

Management of, acquired transient neutropenia characteristically associated
with malignancies, myelo-suppressive chemotherapy, or immunosuppressive therapy
ditfers whether they are congenital or chronic forms of neutropenia. Infections are the
major cause of death in these patients, who must therefore be approached with a high
index of suspicion. Early recognition and treatment of infections may be lifesaving. If the
acute neutropenia 1s suspected to be drug-induced, all potentially offending drugs should

be stopped immediately.
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The role of antibiotic prophylaxis in non-febrile neutropenic patients remains

controversial. Also, systemic antifungal prophylaxis is not recommended as a routiné

component in the management of neutropenic patients.

Using glucocorticoids, androgenic steroids, and vitamins to stimulate bone
marrow to produce more neutrophils has not proved successful. Two growth factors
(cytokines), granulocyte colony-stimulating factor(G-CSF) and granulocyte-macrophage
colony-stimulating factor (GM-CSF), are widely used to prevent fever and infections 1n
patients with severe neutropenia (e.g, after bone marrow transplantation and intensive
cancer chemotherapy). However, blood formula regeneration takes approximately two
weeks, during which time the patient can still acquire infections. Moreover, the control of
neutrophil traffic from bone marrow to blood with G-CSF and GM-CSF to reduce the risk
of infections during chemotherapy exhibits adverse effects such as bone pain,

abnormalities of liver dysfunctions and pleui‘al and pericardial effusions.

Therefore, there is a need for new therapeutic drugs and a method of treatment
that are more active .and induce less side-effects thereby reducing the duration of
neutropenia and increasing tile survival rate of patients undergoing chemotherapy or being
in immunosuppressive conditions. Such therapy for neutropenia treatment or prevention
should be easy and safe to administer, self-limiting, and require few diagnostic tests to
follow the course of treatment. Such therapy should be affordable. Such a therapy would
reduce the health care costs. The patient should be able to take the treatment on an
ambulatory basis, thereby reducing hospital visits while still enjoying a better quality of
life. Such therapy should maintain the productivity of the mdividual.

SUMMARY OF THE INVENTION

The present invention is directed to a method for modulating at least one
immune cell type 1n a paﬁent, human or animal, suffering from neutropenia or at risk of
developing neutropenia.. The method comprises the step of administering to said patient at
least one S100 protein or derivative thereof in a amount sufficient to induce modulating of
the cells.. The S100 protein promotes a normal range of neutrophils as a percentage of the

total blood cell populating the subject.
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The preferred S100 protein is taken from a subfamily member, such as Myeloid

Related Proteins (MRP) or derivatives thereof.

The present invention also relates to the use of at least one S00 protein or a
derivative thereof , such as MRP for the manufacture of a medicament for reducing the

risk of microbial infection in a human or an animal.

The present mvention also relates to modulating for example stimulating or

activating at least one of differentiation, proliferation, or migration of the immune cells.l

A further aim of the present imnvention is to provide a method for stimulating

release of immune cells from bone marrow comprising providing Myeloid Related
Protemns (MT

The present mvention also relates to a method for reducing the risk of
microbial infection 1n a patient comprising administering an effective amount of at least

one S100 protein or derivatives thereof such as a MRP, to said patient.

In a further aim of the present invention, there is provided the use of at least
one S100 protein or derivatives thereof, such as MRP, in the manufacture of a medicament
for modulating at least one immune cell type in a patient, or to reduce the risk of microbial

infection in a patient.

Finally, the present invention concerns a pharmaceutical composition for use in

reducing the risk of microbial infection in a patient, wherein the composition comprises an

effective amount of at least one S100 protein of derivatives thereof, such as MRP, and a

pharmaceutically acceptable carrier or diluents.

DESCRIPTION OF DRAWINGS

Figs. 1A to 1C 1illustrates 1.v. injection of S100A8, S100A9, and S100A8/A9

leading to neutrophil accumulation in blood;

Fig. 2 illustrates 1.v. injection of S100A12 leading to neutrophil accumulation

1n blood;
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Figs. 3A to 3D illustrates neutrophils mobilized from the bone marrow to the
blood after injection of SI00A8 and S100A9:

Fig. 4 illustrates S100A8, S100A9, S100A12, and S100A8/A9 mducing the

proliferation of neutrophil precursors in the bone marrow: and

Fig. 5 illustrates IV injection of S100A12 and S100A8/A9 preventing

neutropema induced by anti-cancerous chemotherapy.

DESCRIPTION OF THE INVENTIORN

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the invention
are shown. This invention, may, however, be' embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will

tully convey the scope of the invention to those skilled in the art.

One first embodiment of the present invention is to. provide a method for
treating individuals with neutropenia, or at risk of having such disorders. As used herein,
"at risk" refers to individuals who have a high probability of acquiring or devéloping
neutropenia, for example, a patient with malignant tumor who is prescribed
chemotherapeutic treatment. These treatments frequently lead toa varying degree of
myelo-suppression. The method comprises of the step of administering to an individual
with or at risk of neutropenia, an effective amount of a colony modulating factor, such as a

5100 protein or a derivative thereof, such as MRP.

‘The total number of neutrophils circulating in the peripheral blood of a mouse
is estimated at 3 x 10° cells. Injection of S100A8 (and all other MRPs) in the air pouch led
to the migration of more neutrophils than were contained in the blood, suggesting that 1t
induced the release of neutrophils from the bone marrow. This was confirmed by 1.v.

injections of MRPs which led to the release of neutrophils from the bone marrow to the

peripheral blood.
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The present invention shows that the myeloid-related proteins (MRP) play a
role in the process of neutrophil migration to an inflammatory site. MRP proteins are a
subtamily of S100 proteins in which three members of the MRP family have further been
characterized, namely S100A8, S100A9 and S100A12, having molecular weight of 10.6,
13.5 and 10.4 kDa respectively, and are expressed abundantly in the cytosol of neutrophils
and at lower levels in monocytes. SI00A8 and S100A9 are also expressed by activated
endothelial cells, certain epithelial cells, keratinocytes and neutrophilic and monocytic-
differentiated HL-60 and THP-1. MRPs lack signal peptide sequences so they are not
present in granules but rather in the cytosol where they account for up to 40% of the

cytosolic proteins. The three MRPs exist as moncovalently-bonded homodimers. In

- addition, mn the presence of calcium, S100A8 and S100A9 associate to form a noncovalent

heterodimer called SI00A8/A9; these are known as MRP—S/ 14 complex, calprotectin, p23
and cystic fibrosis antigen as well. S100AS8 is also named MRP-8, L1 antigen light chain
and calgranulin A and S100A9 is called MRP-14, L1 antigen heavy chain, cystic ﬁbro:;is
antigen, calgranulin B and BEE22. Other names for S100A12 are p6, CAAF1, CGRP,
MRP-6, EN-RAGE and calgranulin C. In this application, the names S100A8, S100A9,
S100A12 and S100A8/A9 will be used to designate S100A8 homodimer, S100A9
homodimer, S100A12 homodimer and S100A8/A9 heterodimer, respectively. |

Family of the S100 proteins comprises 19 members of small (10 to 14 kDa)
acidic calcium-binding proteins. They are characterized by the presence of two EF-hand

type calcium-binding motifs, one having two amino acids more than the other. These

‘intracellular proteins are involved in the re gulation of protein phosphorylation, enzymatic

’activities, Ca®" homeostasis, and intermediate filaments polymerisation. S100 proteins
generally exist as homodimers, but some can form heterodimers. More than half of the
5100 proteins are also found in the extracellular space where they exert cytokine-like
activities through specific receptors; one being recently characterized as the receptor for
advanced glycation end-products (RAGE). S100A8 and S100A9 belong té a subset of the
5100 protein family called Myeloid Related Proteins (MRPs) because their expression is
almost completely restricted to neutrophils and monocytes, which are products of the

myeloid precursors.
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High concenﬁaﬁons of MRP in serum occur in pathologies associated with
increaséd numbers of circulating neutrophils or their activity. Elevated levels of
S100AR/A9 (more than 1 pg/ml) are observed in the serum of patients suffering from
various infections and inflammatory pathologies such as cystic fibrosis, tuberculosis, and
juvenile rheumatoid arthritis. They are also expressed at very high levels in the synovial
fluid and plasma of patients suffering from rheumatoid arthritis and gout. High levels of
MRPs (up to 13 pg/ml) are also known as being present in the plasma of chronic myeloid
leukemia and chronic lymphoid lenkemia patients. The presence of these proteins even
preceded the appearance of leukemia cells in the blood of relapsing patients. The

extracellular presence of S100A8/A9 suggests that the MRPs can be released either
actively or during cell necrosis. Like IL-1 and FGF3, MRPs are expressed i the cytosol,

implying that they are secreted via an alternative pathway.

Once released in the extracellular environment, MRPs exert pro-intlammatory
functions. These activities are shared by several other S100 proteins. For example,
S1003 stimulates the release of the pro-inﬂaminatory cytokine IL-6 from neurons and

promotes neurite extension. S100L (S100A2) is chemotactic towards eosinophils, while

f
psoriasin (S100A7) is chemotactic for neutrophils and T lymphocytes, but not monocytes.

SlJOOAS, S100A9, and S100A8/A9 are chemotactic for neutrophils, with a
maximal activity at 10 to 1071 M. Murine S100A8, also called CP-10, is known to be an
good potent chemotactic factor for murine myeloid cells with an activity of 10"* M. In

addition, S100A12 is chemotactic for monocytes and neutrophils and induces the

expression of TNFa. and IL-1p from a murine macrophage cell line.

MRPs also stimulate leukocyte adhesion to endothelium. S100A9 stimulates

neutrophil adhesion to fibrinogen by activating the (3, integrin Mac-1. It was recently
demonstrated that SI00AS8, S100A12 and S100A8/A9 also stimulate neutrophil adhesion
to fibrinogen. Endothelial cells incubated va;ith S100A12 had increased ICAM-1 and
VCAM-1 surface expression,‘ resulting in the adhesion of lymphocytes to endothehial cells.

This induction follows activation of NF-xB.

MRPs inhibit oxidative burst either directly or by reacting with oxygen
metabolites. S100A9 reduces the levels of HyO, released by peritoneal BCG-stimulated
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macrophages. This effect can be observed using human and murine S100A9, but not
S100A8. Unlike S100A9, SIOOAS can be efficiently oxidized by OCI anions, resulting in
the formation of a covalently-linked S100A8 homodimer and loss of its chemotactic
activity (demonstrated for murine S100AS8). Alternatively, since MRPs are cytosolic
protemns, they could protect neutrophils from the harmful effects of its own oxidative burst.

5100A9 1s also known as being involved in the control of inflammatory pain by its

nociceptive effect.

The functions of the MRPs have also been explored in vivo. When injected 1.p.

into mice, murine S100A8 stimulated the accumulation of neutrophils and macrophages

| within 4 hours. Inhibition of S100A12 reduced the acute inflammation in murine models

of delayed-type hypersensitivity and of chronic inflammation in colitis. All MRPs induce
an inflammatory reaction when injected in the murine air pouch model. In this model,
sterile air is injected subcutaneously under the dorsum of mice on days 0 and 3. On day 7,
an enclosed environment is formed in which it is possible to inject pro-inflammatory
products. Injection of S100AS8, S100A9, SlOOAIZ or S100A8/A9 in the air pouch led to
the accumulation within 3 hrs of up to 8 x 10° leukocytes. Leukocytes recruited consisted
of neutrophils (80%) and monocytes. The total number of neutrophils circulating in the
peripheral blood of a mouse is estimated at 3 x 10° cells. Injection of S100AS8 (and all
other MRPs) in the air pouch led to the migration of more neutrophils than were contained
in the blood, suggesting that it induced the release of neutrophils from the bone marrow.
This was confirmed by i.v. injections of MRPs which led to the release of neutrophils from
the bone marrow to the peripheral blood. These results demonstrate that MRPs are pro-

inflammatory and affect leukocyte migration both in vitro and in vivo.

In a preferred embodiment of the present invention, homodimers of S100A8,

S100A9 and S100A12, in addition to heterodimers of S100A8/A9 are administered.

Several pro-inflammatory activities have been identified for these proteins. In
vitro studies demonstrated that S100A8, S100A9, and S100A8/A9 are involved in
neutrophil and monocyte migration and stimulate neutrophil adhesion to fibrino gen by
activating the 3, integrin Mac-1. In addition, intraperitoneal injection of murine S 100A8

in mice stimulates the accumulation of activated neutrophils and macrophages. It 1s also
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shown that S100A9 and S100A8/A9 enhance monocyte adhesion to and migration through
endothelial cells via Mac-1/ICAM-1 mteractions.

In one embodiment of the present invention, there is provided a method for
stimulating proliferation, differentiation and releasing from bone marrow of immune cells.
This method comprises providing Myeloid Related Proteins (MRP) to the immune cells.
Granulocytes such as platelets, basophils, eosinophils, monocytes and macrophages could
be stimulated to proliferate and to differentiate in response to increased levels of MRP
concentration. Lymphoid stem cell derivatives are also considered as putative target cell
for enhancement of immune response by MRPs. Neutrophils are the preferred target when

performing the present imvention.

In accordance with the present invention, there is provided a method and a
pharmaceutical composition for reducing the risk of microbial infection in a patient, which
comprise administering an effective amount of S100 protein, such as MRP or dertvatives
thereof, to the patient. The pharmaceutical composition makes use of S100 protein, such

as MRP or their derivatives.

The proteins of the invention may be administered alone or combination
with other types of treatments (e.g., radiation therapy, chemotherapy, hormonal therapy,
immunotherapy and anti-tumor agents). Generally, administration of products of a species
origin or species reactivity that is the same species as that of the patient is preferred. Thus,
in a preferred embodiment, human proteins, fragments derivatives, analogs, or nucleic
acids, are administered to a human or animal patient for therapy or prophylaxis. A skilled
artisan will however understand that any suitable protein, fragment thereof or polypeptide

from any species or genetically altered can be used.

The MRP is employed to stimulate the chemotaxis and activation of
macrophages and their precursors, and of neutrophils, basophils, B lymphocytes and some
T cell subsets, e.g., activated and CD8+ cytotoxic T cells and natural killer cells, 1n auto-
immune and chronic inflammatory and infective diseases. The etiology of these immune
diseases, disorders, and/or conditions may be genetic, somatic, such as cancer or some
autoimmune diseases, disorders, and/or conditions, acquired (e.g., by chemotherapy or

toxins), or infectious. Moreover, inhibitors or antagonists of S100 polynucleotides or
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polypeptides can be used as a marker or detector of a particular immune system disease or

disorder. MRP can be preferably used for immuno-suppressed patients or patients under

chemotherapy for which a lowered count in neutrophils was determined.

The S100 chemokine polynucleotides or polypeptides of the present invention
may be employed in combination with a suitable pharmaceutical carrier. Such
compositions comprise a therapeutically effective amount of the polypeptide, and a
pharmaceutically acceptable carrier or excipient. Such a carrier includes but 1s not limited
to saline, buffered saline, dextrose, water, glycerol, ethanol, and combinations thereof. The
formulation should suit the mode of administration. The pharmaceutical composition
comprising MRP can be administered subcutaneously, intravenously, intramuscularly,

intra-articularly or intraperitoneally. The preferred administration route is the mtravenous

injection, in order to prevent denaturation of MRP proteins within the gastro-intestinal

tract. A skilled artisan will understand that non denaturing administration ways are also

considered.

Embodiments of the present invention provide a cost-effective therapy for
treatment and/or prevention of neutropenia. Individuals are at risk for developing
neutropenia or typically exhibit neutropenia in several clinical situations. Individuals may
exhibit neutropenia after bacterial or viral infection. Post infectious neutropenia can start

within a few days of the onset of the infection and last several weeks. Examples of viral

~ and bacterial agents which give rise to neutropenia comprise varicella, measles, rubella,

hepatitis A and B, infectious mononucleosis and influenza, huma-immunodeficiency virus

(HIV), brucellosis, tularemia, rickettsia, and M. tuberculosis.

Individuals may exhibit drug induced neutropenia following administering of
antineoplastic agents or other drugs which suppress bone marrow. Such drugs include
phenothiazines, semisynthetic penicillins, nonsteroidal anti-inflammatory agents,

aminopyrine derivatives, and anti-thyroid medication.

Neutropenia may be associated with immunologic abnormalities, (autormmune

neutropenia), metabolic diseases, hypersplenism, and nutritional deficiencies.
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The present invention will be more readily understood by referring to the

following examples which are given to illustrate the invention rather than to limit its

SCOpE.

IEXAMPLE I

5100 proteins to induce neutrophil proliferation, differentiation and release from

bone marrow.

1.v. injections of MRPs has been shown to induce the release of neutrophils
from the bone marrow. Since S1I00A8/A9 and S100A12 can inhibit microbial growth, the
use of these proteins would have the added benefit of controlling the growth of any

microorganism which might have evaded the immune system.

Material and Methods

Recombinant proteins

Human S100A8, S100A9, and S100A12 cDNAs were synthesized by RT-PCR
from neutrophil RNA isolated using Trizol reagent according to the manufacturer’s
instructions (GibcoBRL, USA). cDNAs were cloned into the pET28 expression vector
(Novagen, Madison, WI) and transformed in E. coli HMS174. Expression of recombinant

MRPs was induced with 1 mM IPTG for 16 h at 16°C. After incubatjon, cultures were
centrifuged at 5,000 X g for 10 min. The pellet was resuspended in PBS/NaCl 0.5
M/imidazole 1 mM and lysed by sonication. Lysates were then centrifuged at 55,000 x ¢
for 25 min and the supernatants collected. Recombinant His-tag MRPs were purified using
a nickel column. His-tag proteins bound to the column were cleaved from their His-tag by
adding 10 U of thrombin and incubated for 16h at room temperature. Recombinant MRPs
were eluted with PBS. The digestion and elution process was repeated once to cleave the
remaining undigested recombinant proteins. Contaminating thrombin was extracted from
the eluates using streptavidin-agarose and contaminating LPS was removed by polymyxin

B-agarose (Pierce, Rockford, IL). Eluted proteins were analyzed by immunoblot and SDS-
PAGE.
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Intravenous injections

Ammals were put on a heated cushion to dilate the tail vein 15 minutes before
injection. Two hundred pl of S1I00AS8, S100A2, or S10048/A9 (0.006—60 ng/ml) was then
njected i.v. in the tail vein of the mouse, corresponding to 0.05 to 500 ng of protein per kg
of body weight. The animals were sacrificed by CO, asphyxiation at times ranging from 5
min to 24 h; peripheral blood was collected by cardiac puncture and diluted 1:20 in PBS-
EDTA 5 mM. Total leukocytés were counted using a hematocytometer following acetic
blue staining. Bone marrow cells were collected by flushing with PBS-EDTA 5 mM
through incisions made in the femur, followed by desegregation. Cytospin preparations of
both blood and bone marrow cells were analyzed after Wright-Giemsa differential
staining. In some experiments, animals were treated with 150 mg/ml of cyclophosphamide

1.p. 24 h prior to being injected with the S100 proteins in order to induce a neutropenia.

Culture of bone marrow cells

Bone marrow cells from CD1 mice were collected by flushing with PBS-
EDTA 5 mM through incisions made in the femur, followed by desegregation. Single cell
suspensions. were cultured in DMEM + 10% FCS with methylcellulose added to produce a
semi-solid media (StemCell Technologies, Vancouver, BC). Colony formation was

stimulated with GM-CSF (200 pg/ml, positive control), and in the presence or absence of
40 pg/ml of S100A8, S100A9, S100A12 or S100A8/A9. Colonies were counted after 7

days of culture (Metcalf et al., 1983, J. Cell Physiol. 116:198; Metcalf et al., 1999, Semin.
Hematol. 36:5). |

Results

Intravenous injection in mice with neutrophilia
Increasing doses of S100A8, S100A9, S100A12, and S100A8/A9 were injected

1.v. in mice and the peripheral blood was collected 3 hours later. Injection of either S100

protein had no noticeable effects on morbidity such as ruffling of the fur or hunched
posture. As shown in Figs. 1A, B and C, i.v. injection of S100A8, S100A9, and
S100A8/AY caused an increase in the number of circulating neutrophils. The number of
neutrophils after injection reached 6.5, 2.7 and 7.4 x 10° cells/ml in S100A8, S100A9, and
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S100A8/A9 myected mice respectively, compared to less than 1.5 x 10° cells/m] for the
control animals. This increase, detected for injected doses ranging from 5 to 500 pg/kg
(0.12 to 12 pg/mice), was significantly different from control (p<0.05, two-tailed student-t
test) and maximum at a dose of 50 to 250 pg/kg. Although the total number of circulating
leukocytes increased slightly in S100 protein-injected mice, this increase was not
significantly different from that in PBS-injected mice. Injection of S100A8, SI00A9, and
S100A8/A9 did not increase the number of circulating eosinophils, monocytes, or
Iymphocytes (data not shown). Assuming a total blood content of 79 ml/kg, these doses
corresponded to serum concentrations ranging approximately from 600 to 3000 ng/ml at

the time of injection. Similar results were obtained following 1njection of S100A12 (Fig.
2).

The kinetic study of S1I00A8 and S100A9 injection over a 24 h period (Figs.
3A and 3B) showed that they induced neutrophilia over a period of 3 to 6 h postinjection.

At 3h, the number of neutrophils was 2.8 x 10° + 0.5 x 10° cells/ml in S100AS8-
injected mice and 3.5 x 10° + 0.7 x 10%in S100A9-injected mice, compared to 1.0 x 10° +

0.2 x 10° cells/ml for the control mice (p<0.05, two-tailed student t test). The increase in
circulating neutrophils returned to the control levels by 12 h post-injection. During the
same period, the number of total circulating leukocytes increased slightly. This increase,
which was not significantly different from the controls, was probably consecutive to the
increase in the number of éirculating neutrophils. Injection of vehicle alone (PBS) did not

alter the number of circulating neutrophils or leukocytes.

To determine the origin of the blood neutrophils in S100A8 and S100A9-
injected animals, bone marrow differential counts were performed on the same animals
(Figs. 3C and 3D). The increase in the number of neutrophils in the blood induced by
S100A8 and S100A9 closely correlated with a decrease in those of the bone marrow.
Approximately 22 to 27% of the bone marrow cells in non-injected mice were se gmented
and non-segmented neutrophils. This percentage did not vary si gnificantly in PBS-injected

mice. In contrast, the proportion of neutrophils decreased by 50% in bone marrow cells 3

and 6 h post injection of SI00A8 or SI00A9 (p<0.01 and p<0.05, respectively). This



CA 02520515 2005-09-27
WO 2004/084928 PCT/CA2004/000451

10

15

20

25

13-
strongly suggest that SI00A8 and S100A9 induce the release of neutrophils from the bone

marrow to the blood.

Induction of proliferation of neutrophil precursors in the bone marrow

The colony-stimulating factors act primarily by stimulating the proliferation of
early precursors in the bone marrow. To investigate the possibility that S100A8, S100A9,
S100A12, and S100A8/A9 stimulate the proliferation of neutrophil precursors, the colony-
forming unit assay were used. Single cell suspensions of bone marrow from CD1 mice
were cultured in a semi-solid media in the presence of the S100 proteins and the formation

of colonies was measured 7 days later. An increase in the number of colonies indicated a

. proliferative effect of MRPs on early precursors. Few colonies were present 1n bone

marrow cell culture in the absence of growth factors. In contrast, addition of S 100A8,
S100A9, SlOOA12,‘0r S100A8/A9 resulted in an increase in the number of granulocyte

colonies (Fig. 4). This augmentation was similar to the one observed for bone marrow
cells incubated with the growth factor GM-CSF. These results demonstrate that S100

proteins induce the proliferation of neutrophil precursors in the bone marrow.

I'reatment of neutropenia induced by anti-cancerous chemotherapy agents in mice
It was next determined whether S100A12 and S100A8/A9 'could prevent the

neutropenia associated with anti-cancerous chemotherapeutic treatment. Mice were

mjected with the chemotherapy agent cyclophosphamide to induce neutropenia, before
being injected daily with 0.5 mg/kg or 1 mg/kg of body weight of S100A8/A9 or
S100A12. As shown in Figure 5, injections of S100 proteins reduced the severity of the
neutropenia observed following treatment with cyclophosphamide. This result confirms

that S100 proteins can be used to treat neutropenia.

In conclusion, S100A8, S100A9, S100A12, and S100A8/A9 induce the release
of neutrophils from the bone marrow to the blood when injected i.v.. In addition, they
stimulate neutrophil precursor proliferation in the bone :;narrow. Finally, injection of S100
proteins protect from neutropenia induced by chemotherapeutic agents. These proteins can
therefore be used to induce the maturation and release of neutrophils from the bone

mMarrow,
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While the invention has been described in connection with specific
embodiments thereof, it will be understood that 6it 1s capable of further modifications and
this application is intended to cover any variations, uses, or adaptations of the invention
following, in general, the principles of the invention and including such departures from
the present disclosure as come within known or customary practice within the art to which
the mvention pertains and as may be applied to the essential features hereinbefore set

forth, and as follows in the scope of the appended claims.
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1 CLAIM:

1. Use of at least one S100 protein selected from the group consisting of: S100AS,

S100A9 and S100A12, or a combination thereof, in the manufacture of a medicament for treating

neutropenia in a human patient.

2. A composition for use in the treatment of neutropenia in a human patient comprising
an effective amount of at least one S100 protein selected from the group consisting of: S100AS8,

S100A9 and S100A 12, or a combination thereof, with a pharmaceutically acceptable carrier.

3. The use of claim 1, wherein said S100 protein is a combination of S100A8 and
S100A9.

4, The composition of claim 2, wherein said S100 protein is 2 combination of ST00AS8
and S100A9.

J. Use of at least one S100 protein selected from the group consisting of: S100AS,

S100A9 and S100A12, or a combination thereof, in the manufacture of a medicament for
stimulating or activating: differentiation, proliferation, or egress of at least one immune cell type

in a human patient suffering from neutropenia.

6. The use of claim 5, wherein said immune cell 1s selected from the group consisting of

a neutrophil, a monocyte, a macrophage, a platelet, a synoviocyte, a leukocyte and a phagocyte

cell.

7. The use of claim 5 or 6, wherein said S100 protein is a combination of SI00A8 and
S100A9.

8. Use of at least one S100 protein selected from the group consisting of: S100AS,

S100A9 and S100A12, or a combination thereof, for the treatment of neutropenia in a human

patient.

DOCSQUE: 953051\
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9. Use of at least one S100 protein selected from the group consisting of: S100AS,
S100A9 and S100A12, or a combination thereof, for stimulating or activating: differentiation,

proliferation, or egress of at least one immune cell type in a human patient suffering from

neutropenia.

10. The use of claim 9, wherein said immune cell is selected from the group consisting of

a neutrophil, a monocyte, a macrophage, a platelet, a synoviocyte, a leukocyte and a phagocyte

cell.

11. The use of claim 8 or 9, wherein said S100 protein is a combination of S100A8 and
S100A9.

12. A composition for use in stimulating or activating: differentiation, proliferation, or

egress of at least one immune cell type in a human patient suffering from neutropenia,
comprising an effective amount of at least one S100 protein selected from the group consisting

of: SI00A8, S100A9 and S100A12, or a combination thereof, with a pharmaceutically

acceptable carrier.

13. The composition of claim 12, wherein said S100 protein is a combination of S100AS
and S100A9.

DOCSQUE: 953051\
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